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LOI GIOI THIEU

Bai giang “Céng nghé¢ Tdng hop Hitu co — Hoa dau” véi 10 chuong va gin 300
trang cla tac gia Pham Thanh Huyén va Nguyén Hang Lién trinh bay tiuong i diy
dt vé hoa hoc va cong nghé cia mdn hoc nay vai thoi lugng 60 tiét.

Két ciu cita bai gidng la hop Iy. Trong 10 chwong, ngoai 5 chuong dau dé cap
dén san xuit cac olefin, céc hydrocacbon thom, cdc hydrocacbon no, H, va CO
(cling nhu hdn hgp CO + H,), axetylen, v& chuong 8: san xuit cic monome vinyl,
céc chuong con lai duge trinh bay theo qué trinh, nhu qua trinh oxi ho4 (chuong 6),
qua trinh halogen hod (chuong 7), qua trinh alkyl hoa (chwong 9) va mot chwong
tong hop trén co s monooxit cacbon (chuong 10), cdch trinh bay nhw viy cho
phép di sau vao cdc dic trung hod Iy ciia phdn teng, soi sing cho cdc cong nghé
sdn xuiit lién quan.

Cong nghé tong hop hitu co — hoa diu thuong gap hdn hop céc hop chit hin
co ¢é thanh phin phire tap véi nhiét dd s6i xp xi nhau, trong lGc yéu cdu céc san
phém thuong mai c6 thudn d6 trén 99%, ddc biét cdc monome yéu cu dd tinh khiét
rit cao, dén 99,9% hodc hon. D& tach cac hdn hop trén, ngoai chung luyén thong
thuong, nhiéu qua trinh cong nghé con ding cac phép chung déng phi, nhét 1a chung
dang phi di thé, chung trich ly, cling nhu céc qua trinh trich ly, hip thy, hip phu
chon loc. Phdn thuyét minh va cdc so a6 cong nghé ciia bai giang da cé lwu § va
trinh bay ding din cdc dic diém nay.

Cac so d6 cong nghé tdng hop hitu co — hoa diu thuéng kha phirc tap, ngoai
cac loai thiét bi phan (mg rit da dang, con ¢6 hé théng cdc thiét bi tach va tinh ché
v6i nhiéu loai thiét bi. Cdc so dd cong nghé dwoc vé ky lwong, ding va dicgc trinh
bay ré rang.

Cong nghé Tdng hop Hiru co — Hoa dau la nganh san xudt phat trién nhanh véi
nhitng thanh tyu mai vé& hod hoc cic hop chat hitu co; vé xtc tac, vé thiét bi phan
ung ... Do vdy cdc phuong phap cong nghé va thiét bi thay ddi nhanh chong. Bai
gidng dd cip nhit cdc cong nghé sdn xuitt hign dai trong vong 10 ndm tro igi diy.

Tuy nhién v6i mét mén hoc khé phire tap, nguyén liéu 4i tl'rlnhiéu ngudn, cong
nghé tdng hop do do6 ciing da dang, phé tmg dung cia san pham kha rdng, doi hoi
ngudi soan cin cé sing tao lam ndi bat mbi tuong quan giira hod hoc, phan {rng
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chinh va phy, cling cac dic trung hoa Iy cta phan tng. cac dac diém cia xuc tac
duge sir dung va didu kién phan tmg voi cong nghé va thiét bi phan g, va céc tac
pia cua bai giang 1a nhimg tién si tré, da rat nhiéu c¢d ging trong qua trinh soan, nén
nhirng thiéu sot trong bai gidng 1a kho tranh khai.

Gido trinh cho mén hoc nay da duoc soan cach diy hon 30 ndm, in roneo, ci
va lac hdu, cho nén tidp bai giang nay la tai liéu cé gid tri cho sinh vién nganh Hod
diu hoc tip va li co s¢ dé cdc tic gia hoan chinh, bé sung thanh sdach gido khoa
t61 cho viée dao tao k¥ sw nganh Hoa dédu ma d4t nude can trong tuong lai gin.

PGS. TS. Tran Cong Khanh



MO DAU

Su phat trién cla nganh cong ngh¢ Hod hoc trong nhitng nam qua da chirng to
dau mo va khi 1a nhitng nguyén liéu ly tuorng, cho céng nghé tong hop hitu co — hoa
dau. Tir ddu mé va khi, qua cac qua trinh tdng hop hitu co — hod dau réit nhidu cac

hop chét hitu co, cde hop chét trung gian quan trong cho cdng nghiép va doi séng da
duge tdng hop nén.

G mdi quoc gia, viéc lya chon cong nghé thich hop dé tong hop tirng hop chiét
dua trén ngudn nguyén lidu ddu sin c6 & nude do. Vi du trong nhirng nim 1960-
1970, & M¥, cdc cdng nghé téng hop hitu co — hoa diu thwong dva trén ngudn
nguyén {iéu diu Ja khi thién nhién, trong khi d6 & Nhit va Chau Au nguyén lidu diu
phd bién 1a naphta. Vao nhimg nam 1973, 1991, 2005-2006, do gia diu thé lién tuc
tdng nhanh, gia nguyén li¢u diu naphta cting ting theo. Trong khi d6 lirong khi ddng
hanh va khi ddu mo duoc thu héi voi lwong 16n, nén cac qué trinh 16ng hop hod diu

& cdc nude Chau Au va Nhit cling dén chuyén sang nguyén liéu dau la propan/butan
hoac etan.

V&i nhitng thanh tuu dat duge trong linh vue cong nghé hoa hoc, ddc biét trong
linh vue xiic tac va thiét bj phan ung, mic du gap nhitng bién déng vé& gid thanh
nguyen lidu diu, cac cong nghe lrong nganh (onb nghe Téng hop Hitu co — Hoa diu
van lién tuc thay ddi va phat trién. Cac cai tién vé ¢ cOng nghe da din dén viée g1am
tiéu thu nang lugng, giam tiéu hao nguyén liéu dau va giam vén diu tu.

Tap bai giang Coéng nghé Tdng hop Hitu co — Hoa diu dugce sir dung cho
chuong trinh hoc tap cua sinh vién nam thir nim nganh Ho4a dau. Noi dung chinh dé
cap dén cdc phuong phap sin xuit nguyén liéu dau cho ¢dng nghé téng hop hoa dau
Va c4c qua trinh tdng hop quan trong c6 ¥ nghia trong cdng nghiép. Tap bai giang
bao gdm 10 chuong

Chuong 1: Sén xudt olefin

Chuong 2: San xuét hydrocacbon thom

Chwong 3: San xuét parafin

Chuong 4: San xuat Hy, CO va khi tdng hop

Chuong 5: San xudt axetylen

Chuong 6: Qua trinh oxy hoa



Chirong 7: Qud halogen hoa

Chuong 8: San xudt monome vinyl

Chuong 9: Qud trinh alkyl hoa

Chuong 10: Qua trinh téng hop trén co s¢ moenooxyt cacbon

Trong moi chuong. cac co sd hoa hoc, dac trung hod I¥ cua qud trinh san xuit
nguyén liéu va cling nhur cac ¢dng nghé san xuat déu duoc trinh bay va thao luan chi
tiét. Hy vong rang tap bai giang nay sé gitp sinh vién nganh Hoa dau ¢6 mdt cai nhin
tong quan vé nguyén liéu va cac qud trinh cong nghé tdng hop hivu ¢o - hoa diu.



Chuong 1
SAN XUAT OLEFIN

1.1. GIGI THIEU CHUNG

Ofefin (alken) 1a cdc hop chit hydrocacbon ¢é chira lién két doi C=C va diy
dong ding cé cong thite cdu tao chung 1a C H,, (n 2 2).

Bit dau i nhimg nam 1950, khi cidc olefin thip la thanh phin ch véu trong
san pham cba qud trinh cracking nhi¢t khi tu nhién va khi déng hanh, ngudi ta da
phit hién ra tdm quan trong cia cdc olefin. K¢ tir d6 etylen, propen, isopren... diroc
st dung rong rii trong céng nghiép. dac biét cho qud trinh tdng hop cic polyme. Cic
olefin cao mach thing 12 nguyén liéu diu thich hop dé téng hop cdc hop chit hoat
dong bé mat, rugu mach thing...

Trong cdc olefin, etylen duoc sit dung nhi¢u nhat trong nganh t6ng hop hiu co
- hod dau. Etylen duge goi la "Vua cua cic hvdrocachon” do mot 6 1§ do sau:

- Ciu tao don gian, hoat tinh cao
- Tuong d61 1é tién

- Dé san xudt tir cdc hydrocacbon khic bing qud trinh steam cracking vét hiéu
Suilt cao.

- Cic phan tng di tir nguyén liéu etylen tao thanh it sin pham phu hon so véi
phan tng di tir cdc olefin khic.

Etylen chid yéu duge san xuat tir qud trinh cracking hoi (steam craking) véi
nhiéu nguén nguyén liéu khdc nhau: 1 cdc hydrocacbon khdc nhu ctan, propan,
butan, naphta, khi hod 1éng (LPG) va gasoil. O My, do nhu cilu sir dung naphta cho
qud trinh reforming xuc tdc sdn xvdt xang vi do ¢ ngudn khi tu nhién ddi dao, nén
etan 12 nguoén nguyén liéu chinh duge ding cho qud trinh cracking hoi sian xuat
etylen (52% etylen dugc san xudt tir etan, 22% tir gasoil, 5% tir naptha, con lai (I cic
nguén nguyen licu khdc). Trong khi dé Nhat va Tay Au lai str dung phan doan
naphta thu dugc tir qud trinh chung cdt dau thdé cho muc dich ndy (71% etylen sin
Xuat tir naphta, 11% tir gasoii, 11% tir LPG, con lai tit san pham cracking etan).

Ngoal etylen, qud trinh cracking hoi con ¢6 nhi€u san phdm phu khdc. dac biét
ka cdc hydrocacbon C4 va hydrocacbon thom.



Cédc nha mdy cracking hoi dva trén nguén nguyén liéu ddu 13 etan ¢é chi phi
xdy dung thap hon, hoat dong don gian hon, cho hi¢u suit cao hon vi {t sian pham
phu hon. Céc cai ti¢n hién nay 1ap trung vio viéc t6i uu hod qud trinh, didu khién
bang miy tinh. cii tién dang thiét bi phan vmg... Hi¢u suit olefin cé thé tang bang
cdch ti€n hanh phan ting cracking & nhiét do cao, giam thai gian phén tng va tién hanh
lam lanh nhanh hon.

Cdc ngudn san xudt etylen khdc bao gém: dehydrat hod ruou etylic (An bao.
Brazin. Thuy Bién, Trung Quéc), cracking cdc sin pham thu dugc tir qua trinh khi
hod than (Nam Phi) va chuyén hod rugu metylic (hang UOP/Mobil ~ M#).

3 diéu ki¢n binh thuong, cdc olefin tir etylen dén buten 1a cdc chat khi. olefin
tir Cs dén Cy Ia cde chat 1éng va tir Cpy tro kén 1 cdc chat ran. Ty trong cla cic
olefin nam trong khoang ti{ 0,63 dén 0,79 g/cm” (cuo hon vai phin traim so vdi cdc
alkan tuong ung).

Nhiét chdy coa alkan vi alken cling gdn nhau. Olefin gan nhu khéng hoa tan
trong nude. Ching hoa tan 16t trong hdu hét cac dung méi hitu co, vi du nhir ruou, ete
vi cde hydrocacbon thom. Tinh chat vat 1y cua mot s¢ olefin thap duoc trinh bay
trong bang .1,

Bang 1.1. Tinh chdt vat Iy ciia mot s& olefin thdp

| Nhiét do i Nhiet do Nh.iél do Gi(’ili han no Irong} kl]Qng khi
TT Cau 1ir ket tinh . ue | 61 han tai 0,1 MPa, 20°C (%TT)
o 56t ("C) o — : -
("O) ('O Gidi han dudi | Giét han trén
1 | Etvlen -169,15 | -103,71 9,90 2,75 28.6
(34,6 g/cm™y | (3601 g/em’)
2 | Propylen ~18525 | —47.70 | 91,76 | 2.0 (35 g/m") R
(200 g/m™)
3 | 1-Buten —18535 | -6.25 | 14645 1.6 9.3
4 |cis2-Buten | 13892 | +3,72 | 162.43 1.7 9,7
5 | trans-2-Buten| -105,53 | +0.88 155,48 1.7 9.7
6 | [sobuten -140,34 -6,90 144,75 1.8 8.8

Olefin la nguyén liéu ban ddu quan trong trong téng hop hod hoc. Tinh chit
hod hoc cua cdc olefin 1a do néi doi trong phan tir quyét dinh. Céc san phim ¢6 gia
tri ¢6 thé nhan dugc tir chiing bing cdch alyl hod, polyme hod, hydrat héa... Mot s&
phan tng va san pham dién hinh nhan duoc tir etylen duoc trinh bay trong so do hinh
1.1.



oXihod __ etvlen oxit +H0 | 6 (HO-CH,-CH,-OH)
Hzc\'_/CH}_
|+ ROH, R O(CH,-CH,-0), B
+ NH3 .
——  FEtanolamin
oxi hod = Axetandehit ﬁi_hi._ Axit axetic
CH,CHO CH,;COOH

+ H+ . 5
CH,C00 02-; Vinylaxetat—trung hop, Polyvinylaxetat
CH,=CH-0-CO-CH,

+C0+1/202._= Axit acrylic _lf;fﬁg_hQD,Polyacr}’lat

Etylen —— CH,=CH-COOH
tH0 Ruguetylic _OX1hod _ ndehit
CH,CH,0H
+ HOC|

» Etylenclohydrin
CICH,CH,0H

+Cl » Dicloetan —_-HCL Vinyl clorua
CICHQCH‘?CI CHzZCH'Cl

—+—CG—H9—+ Etyl benzen __'EL Styren ‘rfﬂlg_hEP Polystyren

C6H5C2H5 C6H5CH:CH2

i i + C¢H
Oligome hod a-olefin 676 [ AB

trung hop PE

Hinh 1.1. Cdc phdn tmg va sdan phdm dién hinh thu diege tir erylen.

Cdc ing dung clia cdc olefin trong phan doan C, thu dudgc tir qua trinh cracking
hot va cracking xtic tdc duge trinh bay trong bang 1.2.

a-olefin mach thang ngoai vige sir dung dé san xudt LAB, con c6 the duoc
chuyén hod thanh rugu bac 1 mach thing ding trong ché tao chat héa déo (C; — Cyp)
hodc bot giat (Cy, - Cy4) bang phuong phap téng hop oxo. Phan ung ciing ¢6 thé duoc
sir dung dé thu duoc aldehit nhu 13 san phdm chinh. Aldehit nay s€ bi oxy hod dé thu
dugc axit béo tdng hop.



Bang 1.2. [‘fng ditng ctia olefin phan doan C,

Carbonyl hod

— Axit ncopentanoic

Polyme hod — Poly 1-buten — Chit déo
1-Buten Copolyme hod ~ HDPE — Chit déo
— LDPE — Chat déo
Oxy hoad — 1,2-butylen oxyt - Chét én dinh, ruou da
chire _
Dehydro hoa — Butadien — Nhua, elastomer
Codime hod — Hepten, octen —> Chat hod déo, phu gia
1-/2-buten | Hydrat hod — Butanol, MEK — Dung mai
Tong hop Oxo — Rugu amylic — Dung méi. phu gia
Oxy hoi > Anhydrit maleic 5 Polyeste, phu gia
— AXit axetic — Dung méi
Polyme hod — Polvisobutylen — Phu gia, keo dan. .
Copolyme hod — Caosu butyl — Elastomer
Dime hea — Diisobutylen — Chit hod deco
Ete hod — MTBE — Phu gia cho xang
Isobutylen | Hydrat hda —> 1-Butyl alcol (TBA) | -5 Dung méi, metacrolein !
Oxy hod-este hod | — Metyl metacrylat — Thuy tinh hitu co
Alkyl hod — p-1-Butyl phenol —> Nhua
— di-#-Butyl p-cresol | — Chit chéng oxy hod,
(BHT) chit tc ch& UV
Amin hod — 1-Butyl amin — Chat xiic tién luu hod
caosu

— Nhura, son

1.2. SAN XUAT OLEFIN THAP

Olefin thap thu dugc tir hai ngudn: san pham khi cracking hoi nuée va cracking
xic tdc.
1.2.1. Cracking hoi nuée (Steam cracking)

Qua trinbh cracking hoi nuée la qué trinh nhiét phan cdc hydrocacbon no tir khi
tu nhién va céc phan doan ddu mé véi su ¢é mat cua hoi nude. Cidc phan Gng chinh

xay ra trong qud trinh cracking hoi bao gém: dehydro hod, nhiét phan, dehydro vong
hod va dealkyl hod.
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1.2.1.1. Hod Iy ciia qud trink nhiét phdn hydrocachon no

a. Nhét déng hoc ciia gud trinh

Phédn ung xay ra:

- Phin itng cracking (cat lién két C-C) tao thinh mot parafin vd mot olefin.

CormHomimyr2 = CoHom + CiHanyy  AGy"™= 75200 — 142T (J/mol)

- Phan Gng dehydro hod (cét lién két C—H) tao thanh olefin vi hydro

C,Hypr = CH,, + Hs AG; = 125400 -- 142T (J/mol) (p > 4)

Ning tugng lién két cua lién két C-C (345 kJ/mol) thap hon nang lugng lién két
cua lién két C—H (413 kJ/mol}, nén phan iing nhiét phan cdc hydrocacbon no s¢ uu
tién cit lien két C—C trudc.

Cic phan ttng nay déu thu nhiét manh va déu ting thé tich. do vay vé mit nhiét
dong hoc thich hop & nhiét dé cao (can cung cp nhiét cho phan Ung), dp suat thdp
(pha lodng bing hoi nudc) va thdi gian phan iing ngan dé giam phan ding phu.

b. Pdc trieng dong hoc

Cic phan ing chinh xdy ra trong qud trinh nhi¢t phan duge trinh bly trong hinh
1.2. Phan {ng dau tién xay ra trong qud trinh 1 phdn tng cracking phan doan nang
¢6 chita chi yéu la cac hydrocacbon parafin thanh | parafin va 1 olefin (phan itng I,
day con dugc goi i phan dng cracking so cap. Phan (ng cracking thir cap (phan tomg
{1 va [I1) s& tao thianh cdc san phdm nhe giau olefin, thinh phan vi hiéu suat cOa cdc
olefin phu thudc vao cic diéu kién phan tng.

Céc din xudt cta axetylen v diolefin duge tao thanh do phinitng dehvdro hod
truc 1i€p cic olefin tao ra tr phdn uUng cracking (phdn ing IV). Day 12 cdc san pham
phu khéng mong muén, cdc diolefin ¢é thé tham gia cdc phin dng vong hod (phan
g V) dé tao thanh cdc san pham nang.

Céc hop chit méi dugc tao thanh tir qud trinh vong hod ndy ¢ thé tiép tuc tham
gia vao phan Ung dehydro hod (phan img VI) tao thanh hydrocacbon thom, dic biét
la benzen. Day la cdc tién chat tao thanh cdc hop chit hydrocacbon thom da vong va
c6e (phin tng VII- hinh 1.3).

Téc d6 phan tng cracking 1on 0 nhiét d6 trén 700"C. Phan tng dehydro hod chi
xay ra manh & nhiét do 800 - 850"C. Qud trinh tao thanh cac hydrocacbon thom da
vong va coc ta cdc phan dng néi tiép chuyén héa céc olefin va benzen tao thanh, xay
ra manh & nhiét do 900-1000"C. Do vay thoi gian luu dai va nhiét d cao s& lam tang
cudng cdc phan ing tao thanh cdc hop chit hydrocacbon nang trong qud trinh san
xuét olefin bang phan ung cracking.
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dehydro hod
C}'H]é y—b— C?HH

) v VA VAV AN
I cracking so cap *
San phdm cracking
propylen propan l-buten butadien

CHy, N GHy  +  CHy AN C4Hy
/N 7N /7N
1i l

cracking 111 vong hod vi dehydro hod

that cap
Y Vi VI
' CH, C,H, 2C,Hy, —— — - (COC
| metan ctylen E
' ' benzen
v dehydro hoa Y
propyn Axetylen

Hinh 1.2. Cdc phdn itng chinh xdy ra vrong qud trinh nhiét phdn

Hinh 1.3. Su hinh thanh hydrocachon thom va coc - sdn phdm
phut cita qud trinh nhiét phdn



Phan ting xdy ra theo co ché chudi gdc, rat phic tap. Qua trinh khoi mio xay ra
do qué trinh cit lien két C-C tao thanh géc tu do. Vi du phan tng nhiét phan etylen
xay ra nhu sau:

Khot mio: CH;-CH, - CH;" + CH;"
Phat trién mach: CH;" + CH;-CH, — CH, + CH;-CH,"
CH,-CH," — CH,=CH, + H"

H" +CH:-CH; — H,+ CH,-CH,"
5C,Hy, — 2CH, +4CH, + 3H,
bitt mach: H + H - H,
H' + CH," > CH,
H +CH;" - C,Hq
CH," + C,Hs" - C;H,
Truong hop tdng quat:
CH;" + R-CH,-CH,-CH; — CH, + R-CH,-CH,-CH,"
R-CH,-CH,-CH," - R-CH," + CH,=CH,

Quad trinh cat mach luén xay ra & vi tri B (tai dé lien k&t C—C 12 y&u nhét) dé
tao thanh géc ngan hon va etylen. Cdc g6c mach dai thudng bén hon géc mach ngan,
do vay ching c6 thé tham gia phan tng déng phan héa.

R-CH,-CH,-CH,” - R-CH,-CH"-CH..
Do vdy khi qud trinh cit mach x4y ra c6 thé tao thanh géc ngin hon va
propylen.
R-CH,-CH"-CH,; — R" + CH,=CH-CH..
1.2.1.2. Cac thong 56 cong nghé cia qud trinh nhiét phdn
a. Nhiét do phan g
Nhiét d¢ phan dng thay ddi tit 700 + 900°C tuy thudc vao loai nguyén licu. Dsi
véi etan, qua trinh thudmg tién hanh trong khoang nhiét d¢ phan ing tir 800 + 850°C.
D&i vdi cde nguyen ligu nang (vi du gasoil) nhiét do phan tng thudmg thip hon.

Theo nguyén tic, nhiét do cOa thanh éng nhiét phan thudng cao hon nhiéu so
vGi nhiét do ciha dong khi di trong 6ng. Do vay, dé nhiét d6 ddu ra sin phim la
885"C, thi nhi¢t d¢ thanh 6ng nhiét phan phai 1a 995 + 1040°C tuy thude vao vi tri ong.

b. Thoi gian hien

Thoi gian luu ndm trong khodng 0,2 + 1,2 giay.
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Vé mat 1§ thuyél, thoi gian luu ngin s& tang do chon loc ctylen va propylen.
Tuy nhién thdi gian leu ngan lai anh huong 16i mot s6 yéu t6 kinh t€ va k¥ thuat nhu
do bén vat liéu, gid thanh 10 phan dng... do vay ngudi ta thuong khong ché gid ri
gidi han dudi cua thot gian luu 1a 0,2 giay.

Anh hudéng clia nhiét do va thi gian liu dén hiéu suit tao thanh etylen trong
phan itng nhiét phan naphta duge minh hoa trong hinh 1.4,

50
2 o
% 40l 895°C—
c )
T gso°cl” /
>
T 8000 P Thai gian Iuu (s) |

005 04 0.2 05 1 2

Hinh 1.4. Anh hicdng cita nhiér do va thoi gian heu dén hidu sudt
tao thanh etylen trong phan itng nhiét phan naphta

c. Ap sudt ricng phan hydrocacbon va vai tré cita hot nicde

V& mait nhiét dong hoc, phan ung thich hgp ¢ dp suat thap, do vav ngudi ta
thudng pha loing hon hgp phéan dng vdi hoi nude. Ve mit dong hoc, khi pha lodang
hén hop phin tng bang hoi nude, dp sudt riéng phin cua hydrocacbon giam, va do
viy 16c do phan tng téng céng gidm, tuy nhién d6 chon loc clia phan (ng nhtét phan
tzo thanh sin pham olefin tang.

Niue vdy, hot mieoe 6 vai tro sau:

- Lam giam 4p suit riéng phén cua hydrocacbon (cé 1gi cho phan iing ting thé
tich) va lam tang hiéu suat tao thanh olefin.

- Gidm phéan ¥ng phu polyme hod tao hydrocacbon thom da nhan, do vay tam
giam lugng coc tao thanh trong ong phan ting.

- Giam nhiét cung c&p cho I don vi chiéu dai 8ng do hiéu dng pha loing

- Cung cap nhiét cho phdn tng khi pha trén.

Tuy nhién viéc sit dung hoi mioe dé pha lodng nguyén liéu ciing ¢ mét s¢ kh‘(i
khdn sau:
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- Hot nudc phai duge gia nhiét tdi nhiét do phan ting, do vay t6n nhiét nang

- Sy ¢6 mit cha hoi nudc 1am tang thé tich phan vng vd do vay lam tang gid
thanh dau tu xay dung 16 nhiét phan.

- Viéc tdch hoi nudc khdi san pham tuong déi 16n kém

Ti 1& hoi nudc st dung (thudng xic dinh bang khéi lugng hoi nude/khoi luong
hydrocacbon) phu thudc vio khoi lugng phan tir clla nguyén liéu hydrocacbon. Ti 1é
hoi nudc/RH = 0.2 +1 (doi véi nguyén liéu ddu 1a etan) va 1 + 1,2 (d6i véi nguyén
licu dau 1a naphta),

1.2.1.3. Cong nghé steam cracking

Quad trinh steam cracking bao gom hai b phan chinh: bd phin phén imng ("viing
ndng"), 1ai dé nguyén liéu duoc nhiét phan tao thanh sdn phim va bo phan tich
("ving lanh"), tai d6 san pham tao thanh duogc tich loai va tinh ché.

So do khoi cia qud trinh steam cracking duoc trinh bay trong hinh 1.5.

Bé phan nén Phan doan nhe
Ving ddi luu ®

Naphta o o L= - @ Nudc

— Hdi nuéc B —
Hoinuwse (O 12MPa ' e
0.8 MPa

-t \ & A *»  Xang

@
Ving bifc xa Nude
LAM LANH GIAN TIEP :
< » Phandoan nang
LO NHIET PHAN LAM LANH TRUC TIEP  cHUNG CAT PHAN DOAN

Hinh 1.5. Sor do khoi cia qud trink steam cracking

Hydroca~bon duge gia nhiét trong viing doi luu (1) cla 1o nhiét phan va duoc
pha lodng bang cdch trén véi hoi nude trude khi dwa vio viing bitc xa (2) clia 1o.
Nhiét do clia hén hep phan tng duge tang 1én nhanh chéng va qud trinh nhiét phan
xay ra. Tuy thuéc vio ngudn hydrocacbon st dung, qué trinh cracking cé thé duge
tién hanh ¢ 750 = 870°C, thdi gian luu ngin (< 1 giay).



Sau khi ra khoi ving phan dng, khi san phdm dugce lam lanh nhanh xuéng 550-
600"C dé tranh cdc phan ung thit cap. Qu4 trinh 1am lanh nhanh duoc tién hanh trong
bo phan lam lanh gidn ti€p bang nudc (3) va 1am lanh truc ti€p bang phan doan nang
cia qué trinh nhiét phan (4), (5). Nhiét dugc sir dung dé san xuét heai nuéce dp suit cao.

Sin phdm sau khi dugc 1am lanh trong bé phan lam lanh truc tiép (6) duoc dua
sang thdp chung so cdp (7). Tai day, xang nhiét phan va nudc thu duge & cic phan
doan trung gian, phan doan nang thu duge d day thdp duge dua quay lai bo phan lam
lanh truc tiép.

San pham khi nhe thu duge ¢ dinh thap dugc dua sang b phan nén (8), sau dé

duge rira bang ki€ém, sdy va dua sang bd phan tdch (“ving lanh”) dé thuc hién cdc
nhiém vu sau:

- Tach H,

- Tinh ch& dé thu etylen tinh khiét (99,9% khéi luong)

- Thu héi propylen vdi do sach 95% + 99,5%

- Thu phan doan C, ¢6 chira 25 + 50% butadien

- Thu phan doan xang nhiét phén nhe giau hydrocacbon thom.
1.2.1.3.1. Lo nhiét phan

Céc 10 nhiét phan duge slt dung dé ddm bdo viéc ting nhanh nhiét dé cla nguyén
lieu, nhiét do ddu ra cao va thdi gian luu ngin. PE giai quyét cic vin dé nay, viéc
thiét k& cac 6ng va '0 nhiét phan thich hop la rdt quan trong va mang tinh quyé¢t dinh.

A. Cdc dang ong nhiét phdn

Khi ché tao cdc 6ng nhiét phan phai ddm bao cdc yéu ciu sau:

* Dién tich truyén nhiét 16n, t6c do truyén nhiét cho nguyén liéu nhanh

* Bén nhiét trong khoang nhiét do phan iing

= Thoi gian luu ngan

» P§ giam dp suit theo chiéu dai éng vh dudng kinh 6ng thap

" Tdc d6 tich ty coc trén thanh dng nhiét phan cham.

Trong di€u kién phan ing steam cracking naphta trong céng nghiép, néu giam
dudng kinh éng nhiét phan thi ¢é thé 1am gidm thdi gian huu va 1am ting hiéu sudt
tao thanh etylen. Pong théi hiéu sudt tao thanh propylen giam va do vay lam tang 4
Ié etylen/propylen trong san phim nhiét phan.

Tuy nhién, viéc giam dudng kinh éng s& din dén mot s van dé: gidi han giam
dp suat, ting sO ong st dung, tang gid thanh. Hon nira, thoi gian huu ngan yéu ciu 16¢
do dong truyén nhiét nhanh. D€ dat duge cdc yéu cdu nay cdn chu ¥ t6i cdch sip xép
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ong, vat liéu ché tao dng, ba trf cdc den dat...

Trong thuc t€, cdc 6ng nhiét phan ¢é dudng kinh trong tir 65mm (hing Stone vi
Webster) téi 120 mm (hdng Lummus, Selas) va chiéu day tir 7 + 8,5 mm. Dong khi
chuyén déng trong &ng vdi van tdc 300 m/s. Trong diéu kién nay, do chénh léch ap
suit gifia ddu vao va ddu ra clia 6ng c6 thé dat 16i 0.4 + 0.7 MPa (4 + 7 at). Ong duogc
lam bang thép hop kim trung binh (20 + 30% crom va 20 + 30% niken) cé chita 0,5%

cacbon. N€u ong duge dat & vi tri thing ding thi bé mat ngoai ong ¢6 thé chiu duge
nhi¢t do I¢én téi 1000 + 1100°C.

Bé mat trong clia 6ng anh hudng ddng k€ t6i qud trinh nhiét phan. Sit va niken
s€ xiic tac cho phan ung dehydro héa va tang cudng su tao thanh cha san pham phu

nang va c6c. D€ han ché anh hudng nay, thi bé mat ngoai cta thép cin duge sunfua
héa. Hon nita, anh hudng oxy héa cOa hoi nudc 1én thép hop kim c6 thé dan téi viéc
giam muc do cha cdc phan dng dehydro héa. Do vay bé mat trong cha éng phai duoc
lam that nhan dé han ché viéc ¢éc bam 1én thanh ong va han ch€ phan tng cacbua
héa kim loai tai cdc vi tri khuyét tat cla 8ng. Cic ong thudmg cé dang chir U véi cic
nhanh ¢é chiéu dai lén t6t 9 + 10 m, dugc noét véi nhau dé tao thanh cédc cudn.

B. Lo nhiét phdn

Cho dén nhiing nam 1960, cdc 1o van duoc thiét ke d¢ hoat dbng v&i thot gian heu
dai (khodng 1 gidy), cdc cudon dng véi dudng kinh trong 90 mm duge dat niim ngang.

The h¢ thu hai xuat hién vio cuéi nhitng nam 1960 véi cac ong dit thing ditng,
diéu nay cd thé han ché vin dé ong bi udn cong va giin nd. Cic dang 10 nay cho
phép nhi¢t d¢ ditu ra cao va thoi gian hwu ngén (0,4-0,5 gidy), nhung dudng kinh éng
viin 16n. Sau d6 cdc ong duoc thidt ke véi duong kinh dng gidm ddn nhung vin duy
tri dang thing ding trong 1d. Mot s6 kiéu Ong duoc trinh bay trong hinh 1.6.

_— v A

&ng ndm ngang < 2 y
{2.4 ho3c 6 6ng trong 1 16) ong thang dimg
(4 hodc 8 dng trong 1 1)

Hinh chit U Hinh chit W M‘W\J’]\JMI\J

ang dudng kinh nhd ong doi
(18, 24 ho#c 32 4ng trong 1 10) {4 hoiic 8 éng trong 118)

Hinh 1.6. Cdc dang ong nhiét phan
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Céc cudn 6ng duge treo ¢ dinh véi cac truc ¢é khédp duge ndi véi bo doi trong
hoac 10 xo. Duédi ddy cudn éng duge ndi v6i thanh dan cho phép cic cudn chuyén
dong trugt theo cdc rinh trong 16 chiu lra. Phu thudc vao chiéu dai va dudng kinh
dng, mot 10 ¢6 thé chita 4 dén 16 6ng duge x€p thanh | hoac 2 hang so le.

Hinh 1.7 trinh by cdc dang sap x&p Ong trong c4c 10 nhiét phan theo thiét k&
c6 dién ki€u ndm ngang (hinh 1.7.a) va thiét k&€ hién dai: éng nam ngang trong ving

déi lvu va thang ditng trong viing bitc xa (hinh 1.7.b).
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Hinh 1.7. Mot 56 kiéu 1o nhiét phan

Lo duge gia nhiét bing cdc dén "birc xa" (hinh 1.8) cho phép trdanh dugc ngon
lira truc 1iép vao Ong va tao birc xa bing cach gia nhi¢t gach chiu lira. Gach chiu lira
c6 thé chiu dugc nhiét dé 1én t6i 1700-1800°C. Céac dén dot thudng duge dit & 2 bén
cta cudn Ong & phia tudng 10 va sir dung sdn pham phu clia qué trinh steam cracking
lam nhién liéu.

Vé nguyén tic, nguyén licu duge gia nhiét trong viing ddi luu 161 khoang 400"C
nhd nhiét cia khi chdy. Sau d6 duge trén voi hoi nude pha loang va di vao ving bitc
xa. Tai day nguyén liéu duge gia nhiét dé€n 800°C trong 3/10 dén 4/10 gidy. Hé s6 st

dung 10 khoang 85%, lugng nhiét cung cap cho ving d6i luu va bic xa tuong Ung
bang 47 v 53%.
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Kh&i cach dién Bau phun

Khi vao (0,012 m) Digu khién
ngon Ia
{ . I . _é Q3=
) ' . - 0457 m
l 3
) e
Biéu khien khong khf Van diéu khidn
80 cap khong khi thir cap
Gach chiu Ita
L& chiu Hra

Hinh 1.8. Cdu tao dén biic xa

1.2.1.3.2. Lam lanh nhanh

San phdm khi nhiét phan sau khi rdi khoi viing bifc xa phai duge lam lanh that
nhanh dé trdnh cdc san phim bi polyme hod tao thanh céc sin phim nang va tang
ham lugng xdng san phim. 6ng ddn san pham tir 15 nhiét phan sang thiét bi lam lanh
nhanh phai di ngin dé thoi gian lwu cha sin phim trong viing nhiét do cao ngin
nhdt. Nhiét ciia 10 dugc thu héi bing cdch 1am lanh gian ti€p trong thiét bi lam lanh
nhanh va lam lanh truc ti€p bang céch sit dung chinh phan doan hydrocacbon niang
lam chdt tai nhiét (hinh 1.5),

D61 v6i qud trinh nhiét phan naphta, qué trinh 1am lanh nhanh ch yéu duoc
thuc hién trong thi€t bi trao doi nhiét 1am lanh gin tiép bing nuée, tao hoi nudc 4p
sudt cao. Hoi nude thu duge & day dugc sir dung dé chay mdy nén caa thiét b xit 1y
phan doan khi nhe. Nhiét d6 khi duge giam xudng 400 + 450°C. 50% nhiét cung cip
cho 16 nhi¢t phin dugc thu hoi tai thiét bi trao d6i nhiét lam lanh gidn tiep.

1.2.1.3.3. Chung so cdp

Sdn pham sau khi dugc lam lanh nhanh dé trénh cdc phén tng phu néi tiép
dugc dua sang thiét bi chung cat so cdp. Khi thu duge & dinh thap ¢6 chita chit yéu la
etylen va cdc san phdm phu khdc duge dua sang thiét bi nén, téch va lam sach dé thu
hoi etylen tinh khi€t va cdc olefin nhe khdc. Céc olefin ndy chi y&u duge su dung
lam cho qud trinh polyme hod, do vay ham lugng axetylen, cdc hop chit chita oxy,
luu huynh phai duge han ché & mitc thip nhat.
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Xang nhiét phan va nuéce thu duge & canh sudn. Nude cé thé duogc tinh ché va
tdi sir dung. San pham nang thu duge & ddy thdp duge st dung trong bo phan lam
lanh truc ti&p.
1.2.1.3.4. Xit ly san phdm khi nhiét phdn

San phdm khi sau khi nén, tach luu huynh, sdy, 1am lanh ngung tu dén -100°C
dugc dua vao cdc thiap chung nhiét do thap dé tich cdc phan doan Cl, C2, C3... Tap
chit axetylen dugc khir bang hydro hod chon loc trén xic tic kim loai.

So d6 kh6i cha qué trinh tach khi nhiét phan dugc trinh bay trong hinh 1.9.

R 51 Nén3 bac > Rua kiém Nén 2 bac
nhiét phan

(Téch H,S, CO,, COS)

Lam lanh Sdy <
(T4ch nudc)
Y
Tich Cl [—>» H,, CH, {lam nhién licu...)
CZ+
CH, CH, | Hydrohod | GH, _ @
Tach C2 > » Tach C2°
CH, chonlgc | GH, —
i Etan vé nhiét phan

Ct (Tich C,H,)

Y
Tach C3 » Tich C3°
Pr

. opan vé nhiét phan
Cy

TéchC4 |—> HénhopC,

v

Cs' Hinh 1.9. So d6 khoi ciia qud trinh tdach khi nhiér phan

A. Nén, tdch luu huynh va sdy

Tai dp sudt khi quyén nhiét do soi clia metan, etan va etylen tuong iing Ia
-161,6, -88,9 va -103,7°C. Trong diéu kién thudng, dé tdch dugc cic hop chit nay
bang chung luyén doi hoi nhiét do rat thdp, vi vay dé qud trinh chung tich khi dé
dang hon, san phdm khi nhiét phan sau khi rdi thi€t bi chung cat so cip phai duge
nén va lam lanh dé chuyén sang dang long.
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Khi sau khi ra khoi thiét bj lam lanh duge nén trong hé thong nén da cép t6i
khoang 3,2-3.8 MPa. Sau mdi giai doan nén, phin long dugc tich di va phéin khi
dugc xir Iy véi hén hop kiém-rugu-amin dé tich khi ¢6 chia S (nhu H,S, COS,
mercaptan) va CO,. Khi dugc siy kho bang cdch dua qua zeolit hoac oxyt nhém dé
giam ham lugng nudc xudng dusi Sppm, tranh su tao thanh hydrat va bing trong cic
qud trinh lam lanh tiép theo.

B. Chung tdch khi nhiét phédn

Qua trinh chung cét tich cdc phan doan tir C1-C4 va két hop hydro hod duoc
trinh bay trong hinh 1.10.

Hydro va metan dugc tdch bing thiét bi tich metan (thdp 1) va duoc sir dung
lam nhién li¢u d6t hodc dugc 1am sach san hon trude khi sir dung. Qud trinh duac
thue hién ¢ dp suat 3,2 MPa, tai day metan va hydro thu dugc tai dinh & nhiét do
khoang -100°C.

Hydro + metan
Elylen

Propylen
-35°C 206°C Y
19 MFa 1.8 MPa
-100°C -10°C 25°C C
3.2MPa 1.5 MPa H, —
-——
5 &
19°C
— j
Elan tudn hoin 1

F O

Propan tudn hoan

Hinh 1.10. So dé chitmg tdch khi ciia qud trink steam cracking naphta:
1- thap tach metan (30 + 49 dia); 2- thap tach etan gém 40 + 50 dia: 3- thiét bi hydro
hoa; 4- thap tach etan-etylen (110 + 120 dia); 5- thap tach propan (55 + 60 dia);
6- thap tach propan-propylen (220 dia trong 2 thap): 7- thap tach butan.

San phdm ddy clia thiét bi tdch metan ¢6 chita sdn phim C, va C,, duge dua vao
thi€t bi tach etan (thip 2), tai day axetylen, etylen va etan dugce tach ra & dinh. Luong
axetylen ¢d lan trong khi san pham dugce loai bo trong thiét bi hydro hod chon loc (3)
trén xuc tdc Pd hodc Ni. Hén hop etan, etylen dugc dua sang thap chung cat phan
doan G, (thdp 4) chira 110-120 dia, tién hanh & dp sudt 1,9 MPa. Tai day, etylen duagc
tich ra & dinh thdp & nhiét do -35°C, etan thu dugc & sin phdm ddy dugc dua lai 1o
ong cracking.
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San pham d4y cla thiét bi tidch etan (2) (gébm cidc RH C,,) dugc dua sang thiét
bi tach propan (thdp 5). San phdm dinh cla thédp tdch propan 13 cdc RH C;, dugc dua
sang thiét bi hydro hod chon loc (3) dé loai bd metylaxetylen va propadien. Propylen
lai duge tich ra khéi propan &'thdp (6), propan thu duge & ddy duge dua tudn hoan lai
thiét bt cracking.

Néu sir dung nguyén liéu diu 1a naphta, thi hén hgp san phidm thu dugc rat
phic tap. San phdm ddy cua thiét bj tich propan (5) lai dugc dua sang thdp tich
butan, san phim dinh clia thip ndy 12 phan doan C4 gidu butadien. Sin phdm nang
duoc tiép tuc ché bién dé thu dugc RH thom hoac duge sir dung 1am nguyén liéu san
xudt xidng.

Cic tiéu chudn cha san phidm etylen va propylen thuong pkim dugc trinh bay
trong bang 1.3.

Bdng 1.3. Céc tiéu chudn ciia sdn phdm etylen va propylen thuong phdm

Céc chi tiéu Etylen Propylen tho Propylen sach
Etylen, min 99,9% TL 300 ppm 50 ppm
Propylen, max 50 ppm 91% TL 99,5% TL
Hop chét no, max (ppm) 1000 C,H;: 1500 5000

Cy*: 500

Axetylen, max (ppm) 2 10 5
Propadien, max (ppm) - 20 __ 10
Butadien, max (ppm) : : 20
Oxy, max (ppm) 1 2 2
Luu huynh, max (ppm) H,S: 1 Tong: 5 Téng: 1
CO, max (ppm) 5 - 5
CO;, max (ppm) 5 - 5
Nudc, max diém suong —60 °C 20 10
Hydro, max (ppm) i - 1
NO,, max (ppm) 5 - 5

Xang nhiét phan chi y€u chita hydrocacbon thom (dic biét 1a benzen) va mot

luong khéa 16n olefin va diolefin. Olefin va diolefin cin dugc lam sach khoéi xang
nhiét phan trudc khi dua vao sir dung. Thanh phin cha xang nhiét phan va cic phan
doan hydrocacbon thom thu dugc trong qud trinh steam cracking naphta dugc trinh
bay trong bang 2.3 (chuong 2).

So db khdi clia todn bo qud trinh steam cracking naphta duoc trinh bay trong
hinh 1.11.
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1.2.2. Khi cda qua trinh cracking xiic tic

Qua trinh cracking xdc tdc 1a qud trinh khong thé thiu trong cdc nha may loc
ddu. Day 12 qud trinh chinh d€ nhan dugc nhiéu xang trong qua trinh ché bién, do
vy san pham khi dugc coi 1a san phdm phu clia qud trinh. Hiéu suat cdc phan doan
thu duge trong qud trinh cracking xic tic tAng s6i (FCC) duge trinh biy trong bang 1.4.

Bdng 1.4. Hiéu sudt cdc phdn dogn cita qud trinh FCC

San pham

%KL so véi nguyén liéu diu

Phén doan C,-
Phan doan C;
Phén doan C;
Phan doan Cs
Xang

Gasoil nhe
Can

Coc (duge dot chdy trong thiét bi)
Téng

4.4
2.7
4.9
5,0
27,5
43,0
8,5
4,0

100,0

Thanh phidn sian phdm cuta cdc phén doan nhe cla qud trinh cracking xic tic
dugce trinh bay trong bang 1.5. Sy phan bd thanh phan san pham phu thudc vao dicu
kién phdn ng (t6c do thé tich, dp sudt, nhiét do, t6c do tudn hoan xic tdc, nguyén

ligu dau, xic tic...)

Bdng 1.5. Thanh phdn cdc phdn doan nhe cita qud trinh cracking xiic tdc

Phén doan C, Phan doan C; Phan doan C, Phan doan Cs
Hydro- % TL Hydro- | % TL Hydro- % TL Hydro-cacbon | % TL
cachon cacbon cachon

Hydro 1.3 ¢, 0.4 (C, 0.5 1C,- 2,0
Metan 29,5 | Propan 26,9 | n-Butan 11,0 | Isopentan 31,5
Etan 254 | Propylen | 72,0 | Isobutan 33,0 | n-Pentan 5,5
Etylen 20,9 |Ct 0,7 | 1-Buten 12,0 | 1-Penten 2.5
Propan 3,5 cis-2-buten 11,0 | cis-2-penten 8,0
Propylen 11,8 trans-2-buten| 14,0 | trans-2-penten 12,0
Khi tro 7,6 Isobuten 18,0 | 2-Metyl-1-buten | 12,5
C 0,5 |3-Meuyl-1-buten | 3,5
2-Metyl-2-buten | 21,5
G 1,0
Téng 100,0 | Téng 100,0 | Téng 100,0 | Téng 100,0
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1.2.3. Xtr Iy phan doan olefin C, va C;
1.2.3.1. Nang cdp phédn doan C,

Cdc cdu tIr cha phan doan C, dac biét 1a cdc olefin thu dugc tir qua trinh steam
cracking va cracking xic tic ¢6 rdt nhiéu vng dung. Cac olefin cé thé dugc diing
riéng r&€ hoac két hop véi nhau, mdi dng dung ddi hdi chat lugng nguyén liéu dau
khdc nhau. D€ ddp ung duoc cdc yéu cdu khdc nhau dé, céc olefin trong phéan doan
C, nay cin ¢6 cdc qud trinh tich va chuyén hod khédc nhau. Thanh phan cua phan
doan C, thu dugc tir qua trinh steam cracking dugce trinh bay trong bang 1.6.

Bdng 1.6. Thanh phdn ciia phan doan C, ciia qud trinh steam cracking

Cau wr % khoi luong Cau tr % khoi lugng
G 0.3 trans-2-Buten 6,6
n-Butan 52 Isobuten 27,4
Isobutan 1,3 Butadien 37,0
1-Buten 16,0 Axetylen 0.4
crs-2-Buten 5.3 Cs* 0,5

Cic olefin trong phan doan C, ¢6 tinh chit vat ly twong tu nhau, dic biét 12
nhi¢t d¢ soi gan nhau (bang 1.7) , vi du 1-buten vi isobuten, do viy khong thé ding
phuong phdp chung cat binh thudmg dé tich céc hydrocacbon nay ra khoi nhau. Qud
trinh tdch loai ¢6 thé ti€n hanh bing phuong phip két tinh, tuy nhién do nhiét do két
tinh cta cdc hydrocacbon nay ciing tuong doi gdn nhau, va qud trinh két tinh ciing
phai ti€n hanh & nhiét do rat thap nén qué trinh nay cling khong hiéu qua va kinh té.

Do vay, cdc nha céng nghé thudng s dung cdc qud trinh rat phic tap, két hop
gita hap phu va chung trich ly, hoac lgi dung su khdc nhau vé hoat tinh hoa hoc cia
cdc chat dé tich chiing ra khéi nhau.

Su ¢6 mat cua cdc hop chat axetylen va diolefin ciing can phai loai bo, vi cdc
hop chat nay ¢ thé khoi mao cho phan ung trang hop, tao nhya, 1am ngo doc cic
tam hoat tinh clia xuc tdc va do chiing ¢6 d6 phan cuc 16n nén anh huong dén kha
niang hoat dong clia dung mai st dung. Hinh 1.12 trinh bdy so d6 nguyen ly clia qud
trink ché bi€n va tich cdc ciu tir trong phan doan C, thu dugc tir qud trinh steam
cracking va cracking xiic tdc.

Trong hinh 1.12 ta thdy, ddu tién butadien-dugc thu héi tir phéan doan C, cia
qud trinh steam cracking bing phuong phip chung trich ly. Qud trinh ndy d6i khi

dugc biit dau bang qué trinh hydro hod chon loc dé tich cdc cau tir hoic duge hydro
hod dé€ tach cac diolefin.

25



Ip} N SUIYIDL) DA SUIYIDLI WS YULU pnb 414 208p mf) F£7) HPOP wpyd £ nx npp poy yur pnb op) 7 [ UK

“i5ng-7 nerd TEOp UeUd 5y T
[ BOY SUIOST P 2OY SWOST
Sumpy -o1pAy Sunyy | -0IpAR] <
(%S 6) ung-os! _ 4
m@ma UZNG-OSY c
el At
™ ; W 2
2Ing-7 neld weop Ueyd V o
FunD FUUTTOI + ..... . G
- D oopudye &
us1nqos! et eop Uy fud d5H (4 poy ompky ]
< — S )
*{%66) UINg-1 ¢ . °
A ae] INX ABRID I
) N _A oy owodO | : ﬂ.w I oﬂj Y
=1
2
..H..nﬁ:noﬁ % unjIer) Al.’_ .m
Tueing-g } )mJ + poy org P V ,m.......
T yoLg Sunyo Uo.— ﬂ@gu : _ll “
ooy Sunu voqompdy 4T £ny ugud «—
) e & )
“aoSa.ﬂ + - vou 1BapAL -
“ArEIngost
< 2Oy SLUOST
“%sinq-g nerd ueop UpyJ .o.M.:MI T W . :oﬁu%:n .....
e | = £ oy oiphy
. _ myar “ 20] :&_Hu : PO
WD 4| ayddpn [ oqompAE E
U S ot N I +
Mlqm:ncmm.ﬁaﬁno-: awpm | Sk
“uatpeing 3und  POUOPAH % gy g iy
*0) ukop Ugtd

O
o™~



Sau khi tdch cdc diolefin, viAn dé tiép theo 1a tich 1-buten va isobuten. Tuy
thugc vao muc dich sir dung va yéu cdu chit lugng cta cac san phidm olefin, hai
phurong phédp tich co ban duge dp dung.

Bdng 1.7. Tinh chdr vt 1y ciha mét s6 edu tir trong phdn doan C,
thu diege tiv qua trinh steam cracking va cracking xiic tdc

Nhiét do soi P06 bay hoi Nhiét do
Cau tlr (°C) tuong d6i két tinh d20

tai 1,013 kPa tai 40°C ("C)
Propylen - 47,7 3,15 - 185,3 0514
Propan | - 42,1 265 Rt 0,501
Pmmdlen .......... aas 2,95 .................................... 6o -
Popyn | 22 | 200 | -1027 -
U ] “’7 N ] 508 . 0557
reobuten _ 6’.9 102 _ 140,4" d;594

A. Tdch isobuten

Dé thu dugc san phdm isobuten, ngudi ta sit dung mot trong hai phuong phip

sau:

(a) Trich ly trong moi trudng axit. Bay la phuong phdp cii, ¢é rit nhiéu bién
déi. Qud trinh tach dugc ti€n hanh theoahi budc: Budc thir nhat 1a qua trinh
hydrat hod isobuten trong phan doan thanh (-butanol vdi su ¢é mat ciia ion
H*, va budc thit hai 1a qud trinh dehydrat hod rucu méi tao thanh.

(b) Ete hod. Day la cong nghé hién dai hon, tién hanh theo quy trinh twong tu
nhu phuong phdp hydrat hod. Pau tién isobuten duge ete hod véi metanol
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tao thanh metyl r-butyl ete, sau d6 ete mdi tao thanh duge cracking dé hoin
nguyen lai isobuten ban dau.

Trong cé hai trudng hop, ruou va ete tao thanh ¢6 thé tao thanh nhiéu hop chat
trung gian ¢6 gid tri. Vi vady ngudi ta ciing sir dung hai qud trinh nay dé nang cap
tsobuten. Ngoai ra, qud trinh thit ba, oligome hod chon loc, ciing dugc sit dung dé
nhan duge san phdm c6 tri s6 octan cao ding cho xang.

Sau khi hau nhu toan bo cdc isobuten ban ddu da duge chuyén ho4, qud trinh
tach ti€p theo c6 thé bao gém: qua trinh chung cit trong hai thip dé tich isobutan &
dinh thip thir nhat, tdch 1-buten & dinh thép thit hai, tich 2-buten va n-butan & ddy
thdp thir hai, hoac quad trinh chung cét don gian két hop véi chung trich ly. ..

B. Tach 1-buten

1-Buten ciing ¢6 thé duge x{ Iy theo mét trong hai qud trinh sau:

(a) Thu hoi. Qud trinh thu héi duge thyc hién bing phuong phdp hip phu trén

sang phan tir, sir dung nhiéu cong nghé khac nhau.

(b) Chuyén hod. Trong qud trinh niy, 1-buten tham gia phan tng isome hod

hoac hydroisome hod tao thanh 2-buten.

Trong ca hai trudng hgp ciing can cdc qud trinh tdch loai ti€p theo (nhu chung
cdt) d€ tach cac phan doan gidu isobuten va 2-buten. Mot thiét bi hydroisome hod thu
hai cling duge sir dung dé€ ting ham lugng isobuten. Cong nghé ndy ciing ¢é thé dp
dung dé xir ly phan doan can C, tir qud trinh trich ly bing axit hoic ete hod dé thu
duge san pham giau 2-buten.

1.2.3.1.1. Tdch butadien ut phdan dogn C; ciia gud trinh steam cracking

a. Ddc trumg hod 1y ciia qud trinh

Dé dat duge do tinh khiét cao, qud trinh phai sir dung nhiéu phuong phdp tich
phtic tap. Trong céng nghiép qua trinh tiach bao gdm:

(a) Trich ly bang mudi amoni déng (I).

(b) Chung trich ly.

Qua trinh trich 1y sir dung tinh chat cha mudi axetat amoni déng (I) ¢6 kha
ning tao phiic chon loc véi butadien, kha niang hdp thu cba buten thap hon tir 10-50
lan. Mit khic, cdc hgp chit axetylen s€ tao phiic ddu tién va qud trinh 12 bat thuan
nghich. Hiéu qua ctia qua trinh phu thudc vao ham lugng cla cdc hop chit axetylen
¢6 trong nguyén liéu ddu, trong thuc t& d€ dp dung phuong phdp nay, ham luong cic
hop chat axetylen phai khong vugt qua 500 ppm. Phan doan C, thu dwoc tir qud trinh
steam cracking thudng khong dap ing duge dicu kién nay, do vy, qué trinh luén ddi
hoi phai ¢6 cong doan hydro hod chon loc dé tach axetylen
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Dung moi st dung trong qud trinh chung trich ly phai ¢6 céc tinh chét sau:
(a) Nhiét do soi cha dung méi phéi cao hon nhiét dé so6i cha céc cdu tir trong
nguyén liéu dau,

(b} Vai trd cua dung méi 1a hip thu butadien va cho phép cac hop chat khic di
vao phan cit.

Do vay dung méi phéi ddp ting dugc céc diéu kién sau:

(a) C6 d¢ chon loc cao v6i diolefin, ma khong chon loc déi véi axetylen va
olefin, nghia 12 dung moéi phai cé khad ning 1am tang su khdc nhau vé do bay hai
twong doi cha cdc cau tir khac nhau trong phan doan dugce xu 1y.

(b) C6 kha néng hoa tan cao: kha nang nay bi gidm trong hdu hét céc tic nhan
trich ly, ddi véi hydrocacbon c6 cling s6 nguyén tir cacbon, kha ning ho tan gidm
dan tir axetylen dén dien va dén olefin.

(c) D¢ tién hanh: do nhét thap, do chénh 1éch diém s6i so v6i butadien kha 16n,
khong tao déng phi hoac khong phan tng hod hoc véi cdc cau tir trong hoén hap cin
tach,

(d) Do bén 18t trong diéu kién tach: dung moi phai bén nhiét, d6 in mon thap,
kha nang bat chdy thap, phai hoa tan hoan toan véi nudc. ..

{e) San cb va gid cd hop 1y.

Vi¢e chon lya dung méi phu thudc vao tinh chat va kinh t€ clia cong nghé st
dung. Bang 1.8 trinh bay mot s6 tinh chat vat Iy cla cdc dung méi duge sir dung
trong cong nghiép dé tich butadien.

b. Qud trinh tdch butadien tir phdn doan C cita qud trinh steam cracking trong
cong nghiép

A. Hydro hod chon loc cdc hop chdt axetylen trong nguyén liéu diu

Cong doan nay 1a cén thi€t d6i véi qud trinh trich ly butadien bing mudi amoni
déng (1), nhung né khong thue sur cdn cho qud trinh tich butadien bing chung trich
ly. Tuy nhién, n€u sir dung qua trinh chung trich ly, ¢éng doan xit Iy hydro hod nay
cd thé giip cho qud trinh tach d& dang hon va tang duge lugng butadien thu héi.
Ngoai ra, cong doan hydro hod cling lam giam cdc hop chit axetylen.

Qud trinh hydro hod chon loc axetylen duge ti€n hanh trong pha léng, dp suat
0,5 + 1 MPa, nhiét d6 10 + 60°C. Thiét bi ¢6 chita cac 1dp xtc tdc trén co s& Pd,
nhiét phin ing dugc tich boi qué trinh bay hoi mot phan méi trusng phan dng hogc
st dung thi€t bi éng chiim [am lanh bang propan. Sau khi [Am lanh, hydro chwa phan
ing dugc tdch, nén va tuan hoan lai thiét bi phan tng.
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B. Trich ly bang mudi amoni déng (1)

Cong nghé trich ly butadien biang mudi amoni dugc hing Esso phat trién & My
sau Thé chién 2, chili yéu dé san xuit butadien bing qué trinh dehydro hod r-buten
va n-butan. Qud trinh bao gém cdc budc sau:

» Hap thu so bd cdc hop chat axetylenic bang dung dich axetat amoni déng (I)
20% khoi lugng, sau d6 nha hap thy butadien bing cdch gia nhiét dén 65°C, butadien
dugc tuan hoan, ti€p theo cdc hop chit axetylenic duge nha hip thu bing cdch tang
nhiét do 1én téi 90°C.

e Sir dung mot loat céc thiét bi tron/ling, hoat dong theo ché do nguoc dong
tai -20 va +5°C, 0,3 + 0,4 MPa d¢ hap thu butadien va dé lam giau dung dich amoni
bang cich tiép xic 16ng/long.

¢ Nha hip thu butadien biang cdch gia nhiét dén khoang 80°C va 0,12 MPa.

¢ Thu hoi amoniac bang cdch rlra butadien véi nudc va chung cit dung dich
thu duogc.

¢ Tinh ch¢ butadien biang chung c4t ¢6 mat chdt &c ché tring hop butadien
(t-butylpyrocatechol).

C. Chung trich ly

V& nguyén tac, cdc qué trinh cong nghiép tach butadien biang phuong phip
chung trich ly déu bao gém cdc budc chinh sau day:

¢ Chung trich ly trong mot hay hai thédp, tit cd cdc hgp chéit axetylen va butadien
déu duogc di vao phén trich. Néu qua trinh 1i€n hanh trong hai thdp, buten duge tich
trong thép thd nhat, sau dé cac hop chat axetylen duge tich trong thdp thit hai.

» Thu héi dung moi dd sit dung bing cich bay hoi.

o Chung siéu phan doan phdn trich d€ tdch loai cdc tap chdt axetylen vA buten.

* Rira nudc phan doan da tich butadien dé thu hét dung mai rira.

Cic hing ddu tién skt dung cong nghé niy bao goém:

a. Shell

Ban dau hang Shel! sit dung dung moi 12 axeton, sau d6 vao nam 1956, dung
moi nay dugc thay bang axetonitril. Cong nghé nay sir dung mot thap chung trich ly.

b. Phillips

Hang Phillips d4p dung c6ng nghé chung trich 1y vao cong nghiép tir nhitng nam
1940, su-dung dung moi furfural. Cong nghé bao gém 1 thdp trich ly/tai sinh va
| thip tinh ché.
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c. Nippon Zcon

Cong nghé tach butadien cita Nippon Zeon sir dung dung méi dimetylformamit
duge dua vao dng dung trong cong nghi¢p tir nam 1965. So dé cong nghé duge trinh
bay trong hinh 1.13.

¢, rafinat
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Hinh I.13. Cong nghé tach buradien cia Nippon Zeon
st diung dung moi dimetvlformamit

Cong nghé nay bao gom hai thdp trich ly va tdi sinh riéng r&. Phan doan C,
diu ti¢n duge gia nhiét vi duge bay hoi ¢ 50°C, tan dung nhiét cla dong dung moi
tudn hoan néng. Sau dé dugc dua vao thdp chung trich ly thd nhat. Thdp thit nhit ¢6
khoang 200 dia, & nhiét do 45 + 115°C va 0,5 + 0,7 MPa, vdi dong dung moi chiy
nguoe dong duge dua vio & dinh thip. Phan trich giau butadien duge dua t8i thip tdi
sinh thit nhat ¢ 13§ dia, qud trinh duge thue hién ¢ 45 va 160°C, 0,11 + 0,14 MPa.
Sin pham dinh duge ngung tu mot phin, pha hoi chita chi y&u 1a butadien dugc nén
téi idp sudt 0,5 MPa vi duge dua vao thip chung trich Ly thi 2 gém 60 dia, lam viee &
nhi¢t d¢ 45 + 180"C. Hop chat axetylen duge trich ly theo dung méi, sau d6 duue téi
sinh véi diéu kién tuong tr nhu thdp tdi sinh thit nhat. Butadien thu duoc ¢ dinh thdp
chung trich ly thur hai van chida metyl axetylen v cdc tap chit ning khdc, duoe bé
sung chit ¢ ché oxy hod (i-butylpyrocatechol 100 ppm), va dua vao lam sach trong
hai thdp chung cdt don gidn dé tach san phdm nhe (thdp chita 30 dia) va tich san
pham ning (thap chira 60 dia). Dimetylformamit dugc tach ra tir ddy ctia hai thap tai
sinh duge 1am lanh va tudn hoan. Dung moi ¢6 thé duge 1am sach bing cdch chung
cat tach nudc va cdc polyme butadien.
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d. BASF/Lurgi

Cong nghé BASF Lurgi duge dua vio cong nghiép tir ndm 1968 sir dung dung
mot N-metylpyrolidon 1a mt trong nhitng cong nghé duge st dung réng rai nhat
hign nay. Cong nghé nay dya trén nguyén tic tuong tu nhu cdc cong nghé khic,
nhung khic cdc cong nghé khic & thyc t&€ hoat dong nhu duoc chi ra trong hinh 1.14.

CHUNG CAT
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Hinh 1.14. Cong nghé tdach butadien ciia BASF Lurgi
ste diing dung moi N-metylpyrolidon

Qua trinh duoc chia lam ba bo phan.

* Thip hip thu: Trong thdp niy cdc hop chit axetylen, butadien va mot lugng
nho buten duge hap thy khéi nguyen liéu ddu trong thict bi khi/long nguge dong véi
dung moi N-metylpyrolidon ¢é chia 8% khdi luong nuée. Quié trinh duge ti€n hanh
trong thdp v6i 80 dia, lam viéc G nhiét do 45 + 55°C va 0,4 + 0.6 MPa. nguyén li¢u
dau duge bay hoi bing cdch trao déi nhiét tan dung nhi¢t ctta dong dung méi tuin
hoin nong va duge dua vae ddy thdp. Dung moi N-metylpyrolidon duge dua vao ¢
dinh thap. Cdc khi khéng hap thu (chi y&u 13 butan va buten) thu duge o dinh thép.



e Thap tinh ché: Phan doan buten hoa tan vao dung moi duge tich ra khoi
dung mai chay nguge dong véi hot butadien. San pham buten ¢6 1an butadien thu
duoc ¢ dinh thdp duge dua trd lai thdp hdp thu, 1,3-Butadien ¢6 1an moét lugng nhod
axetylen, khong c6 lan olefin duge ldy ra khoi thdp tinh ché€ & canh suon. Thip tinh
ché ¢ khodng 45 dia, nhiét do ddy thdp khoang 75°C, dp sudt 0,7 MPa.

¢ Thdp tdi sinh: Thép 1di sinh bao gédm 3 1&ép dém, nhiét do & dinh thdp khoing
45°C, ddy thiap 150°C, thip lam viéc trong diéu kién dp sudt thap (khoang 0,2 MPa)
dé tranh su tao thanh cia cdc polyme & nhiét do cao. Phan trich long tir thdp tinh ché
sau khi dirgc loat phin cién buten bang cach gia nhiét, nén va téch khi duge dua sang
thap tdi sinh. Sdn pham thu dugc tir qud trinh nay nhu sau:

(a) Tai ddy thdp: dung moi sau khi lam sach bing chung cat dugc dua tudn
hoan lai thidp hap thu

(b) & canh sudn: thu duge san phdm giau hop chit axetylen, 1,2-butadien va
hydrocacbon Cs.

(c) Tai dinh: 1,3-butadien thu duge & dang khi dugc nén va tudn hoan lai thip
tinh ché.

Ngoai ba by phan chinh trén céng ngh¢ BASF con ¢6 cdc thi€t bi phu trg sau:

o Thip hap thu/tinh ché thit cap dé xir Iy ddong san pham roi khoi thap tinh
ché. Thap chung trich ly thi hai ndy (st dung dung moi N-metylpyrolidon) bao gém
70 d1a, lam viéc & nhiét do 45°C va 0,5 MPa. Phin trich 10ng thu héi ¢ ddy thdp duoc
tuin hoan lai thip tinh ché, butadien khong hdp thu thu duge & dinh thdp. Sin pham
butadien sau d6é dugc 1am sach khoi cdc tap chdt nhu: metyl axetylen, 1,2-butadicn
v cdc hydrocacbon nang khdc bang 2 thap chung cat don gidn dé tach san pham nhe

“(thdp gém 70 dia) va tach san phdm nang (thap gom 80 dia).

¢ Thu hoi dung méi tir san phim giau axetylen roi thi€t bi tai sinh. Khi san
pham duge ra bang nudc trong thidp dém va dung dich N-metylpyrolidon thu dugc
duge tuidn hoan lai thap tdi sinh.

¢. Union Carbide

Qud trinh dugc dp dung vao cong nghiép tf ndim 1965, s dung dung moi
dimetylaxetamit c6 chita 10% khoi lugng nude, gém 1 buée hdp thu/tdi sinh. Nguyén
lieu dau la phan doan C, duge xir 1y trong thi€t bi chung trich ly theo ch& d6 chay
nguge dong. Thiap gom 90 dia, [am viéc & nhiét d6 45 = 70°C, dp sudt 0,5 + 0,6 MPa.
Buten va butan khong hép thu thu duge ¢ dinh thdp.

Phén trich dugce tich khi olefin hoa tan, duge nén va tuan hoan lai thap chung
trich ly. Phan doan long giau butadien va hgp chat axetylen duge gia nhiét va dua
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sang thép tdi sinh v&i 20 dia 1am viéc & dp suét 0,2 MPa, nhiét d6 90°C & dinh thdp
va 150°C & ddy thdp. Dung moi sau khi lam sach duge tuan hoan. Phan céit o dinh
thdp duoce 1am lanh, ngung tu, phin 16ng duge hoi luu, phin khi duge nén lai va mét
phan dugc tudn hoan lai thdp hap thu. Sin phidm butadien thé dugc lam sach khéi cédc
tap chit metylaxetylen v hydrocacbon nang biang 2 thip chung cit don gidn vdi 40
va 110 dia, v6i su ¢d mat ctia chdt tic ché t-butylpyrocatechol.

1.2.3.1.2. Tdch olefin tir phdn doan C ctia qud trinh steam cracking va cracking xtic tac
a. Chuan bi nguyén liéu dau

Phian doan C,; ctia qua trinh craking xic tic ¢6é chita mot lugng nho butadien va
axetylen, do viy phan doan nay c¢é thé dugc daing truc tiép cho qud trinh tich
isobuten, nhung dé thu duoc 1-buten doi héi nguyén liéu dau phai duge xir 1y bang
hydro hod. Nguge lai, phian doan C; clha qud trinh steam cracking bat budc phai dua
vio qué trinh xir Iy trude bang hydro hod. Cong doan xir ly ndy nham loai bd céc hop
chét ¢ thé tham gia phan ttng phu tring hop tca nhiét, tao nhua khong ¢d loi cho céc
qud trinh ché bién ¢ xtic téc, qua trinh c6 su dung dung mé6i va qud trinh hap thu
sau nay.

Tuy thudc vdo yéu cau nguyén liéu dau c¢6 phai tdch butadicn hay khong ma
ngudi ta chia qud trinh xir 1¥ hydroe thanh hai loai:

(a) Cé tich butadien: qud trinh hydro hod chon loc thuong duge tién hanh vdi
phan doan khong ¢é isobuten. Qud trinh ti¢n hanh & nhiét do va dp suat thich hop
cho ca phan tng isome hod 1-buten thanh 2-buten. Hén hgp nguyén Liéu dau sau khi
tich aude duge tron vdi hydro, duge gia nhiét va duva vao phia trén cua thi€t bi phan
ttng. Phan ing hydro hod tién hanh trong pha hén hop, & nhiét d¢ khoing 40 + 60°C
va 0,5 + | MPa véi su ¢6 mat cia 16p xic tdc ¢6 dinh dua trén co s¢ Pd. Sau khi lam
lanh, sin pham dugc dua qua thiét bi tich khi 16ng.

(b) Khong tach butadien: trong trudng hop nay, butadien tén tai véi mot lugng
dang k&, qua trinh tién hanh trong pha hén hgp, nhiét dé phan itng 60 + 80"C, dp suat
0,5-1 MPa, vdi 19p xuc tic c¢é dinh la kim loai Pd.

b. Tach isobitten

b¢ tich hoac chuyén hod isobuten ¢é trong phan doan C,, trong coéng nghiép sur
dung hai phuong phdp sau:

(a) Hydrat hod

{b) Ete hoa



Ngoai ra con mot s6 phuong phép tach loai khéc nhur este hod tao f-butyl axetat
(Hoechst), hip phu trén sang phan tit (Union Carbide). Dé t8ng hgp isobuten c6 thé
su dung cdc phuong phap: déng phan hod buten, dehydro ho4 isobutan, dehydrat hod
t-butyl alcol (ARCO Chemical).

A. Hydrat hod

Qud trinh hydrat hod isobuten ti€n hanh trong méi trudng axit theo phén ing
toa nhiét sau;

[H']

(CH;3),C=CH, + H,0 (CH;),C-OH AH%gg = -50 kJ/mol
Sau dé t-butanol tao thanh duoc tdch, tinh ché va duoc dehydrat hod hoin
nguyén lai isobuten.

Qua trinh nay dya trén d¢ 6n dinh cao cla cacbocation bac 3 so v6i cdc ion bac
1 va 2 cho phép chuyén hoi chon loc isobuten trong phan doan C,. Do chon loc phu
thuéc nhicu vao néng do axit va nhiét d¢. Céc phan vmg phu polyme hod cé thé Xay
ra tao thanh céc dime. Trong mot s6 trudng hop phan ding phu duge sit dung dé san
xudt dung moi hoac ng dung dé san xuat cdc cdu tir cho phan doan xang. Tuy nhién
vé nguyen tac ham lugng dime duge khong ché & mife nho hon 5% khoi luong. Dong
hoc cla phan iing chuyén hod isobuten phu thudc vio do hoa tan cia isobuten rong
pha nudc, dé hoa tan cha olefin ti 1& v6i ham luong s-butanol. Néu him lwong
i-butanol 16n thi phan dng s& dién ra theo chiéu nghich dehydrat hod. Dé tranh phan
tng phu tring hop, ham lugng axetylen va butadien trong nguyén liéu diu phai nho
hon 1% khoi lugng. Méi trudmg axit ¢6 thé sit dung 1a axit sunfuric hoac axit
clohydric.

Trong trudng sir dung moi truong axit sunfuric dam dic, ¢6 thé bi mat mot
luong 16n axit va isobuten do tao thinh cic hgp chat sunfat va polyme. Do viy mot
s6 hang da sir dung axit vdi néng do 60 + 65% khdéi luong (Esso, Petrotex...), tuy
nhieén hiéu suiit van thap vh do tinh khiét cla sin pham khong vugt qua 96% khdi
luong. '

Mot s6 hang khdc tien hanh qud trinh trong dung dich axit véi néng do
40 - 45% khoi lugng va nhi¢t do thap (CFR, BASF...), hiéu suat dat duge 90 + 95%
va do tinh khiét trén 99%. Thyc t€ ching minh ring & 30°C va néng do dung dich
axit sunfuric 45%, qud trinh hydrat ho{. isobuten nhanh hon 1500 1an so v&i a-buten
va nhanh hon 300 lan so véi 1,3-butadien.

Cong ngh¢ CFR tdch isobuten bang qud trinh hydrat hod dugc trinh bay trong
hinh 1.15.
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Cong nghé nay bao gdm ba giai doan:

(a) Phan ung: Qua trinh duge tién hanh trong 3 thi€t bi phan tng. Nguyén liéu
ddu duogce chay nguge dong véi dung dich axit sunfuric ndng do 50% khdi luong, &
nhiét do khoang 50°C, 4p sudt 0,4-0,5 MPa. Mo6i truong phan ing duge tuan hoan va
lam lanh bén ngoai thdap. Pha rafinat (hydrocacbon) duoc rira véi dung dich NaOH
lodng va nudc.

(b) Tai sinh: Pha dung dich nu&c (phan trich) duge dua vao thiét bi tich khi
16ng thuc hién & dp sudt chan khong dé tich hydrocacbon cdn 1an trong phén trich.
Phan long dugc dua sang thap tai sinh 1am viéc & 120°C.

(c) Tinh ché&: San pham khi tit thdp t4i sinh c6 chita isobuten, rugu chua chuyén
hod, polyme vd nudc dugc rra v6i NaOH dé ngung ty polyme va mét phin
t-butyl alcol. Phin rurgu va isobuten ¢on lai duge thu héi bang cdch Iam lanh va sau
dé duge tach bang chung cat. +-Butyl alcol khong 1an polyme dugc tich bang chung
cat dang phi v6i nudc va tudn hoan lai bo phén tdi sinh. 87 + 93% isobuten dugc thu
héi v4i do tinh khi&t 99 =+ 99,8% va 5% san pham phu polyme hod c¢6 thé su dung
cho xang.

B. Ete hod

Metyl rers-butyl ete (MTBE) dugc tao thanh do phin dng ete hod giita isobuten
va metanol, day 12 hop chét ¢6 kha nang chéng chdy kich né dugc pha vdo xang dé
lam tang tri s6 octan. MTBE ciing 13 hop chat trung gian quan trong trong hod dau,
né ¢6 thé phan huy dé tao thanh olefin ¢é d6 tinh khiét cao. Do vay qud trinh ete hod
isobuten tac MTBE ciing dugc sit dung dé tach isobuten khoi phan doan C,. Qud
trinh tich bao gom hai giai doan:

e Tong hop va tinh ché MTBE

e Cracking MTBE va tinh ch& isobuten tao thanh.

Bl. Téng hop MTBE

Phan ting ete hod tdng hgp MTBE tir isobuten trong phan doan C, duoc tién
hanh dua trén phan (ng thuin nghich sau:

(CH,),C=CH, + CH;0H == (CH.);C-O-CH;  AH’u4 = — 37 kJ/mol

Phan (ng toa nhiét xay ra trong pha ldng & nhiét d6 50 + 85°C, dp suat 0,7 +
1,5 MPa, xiic téc nhua trao déi cation, thiét bi phin dng I8p xiic tdc ¢ dinh, thiét b
ong chiim hodc thiét bi CD vira phan ing vira chung cit (Catalytic Distillation).

Bo phan tich MTBE c6 mot thap chung cat. Do hydrocacbon C, tao hén hop
dang phi v6i metanol cé nhiét d6 s6t thap hon hén hop dang phi cia metanol véi
MTBE, nén trong thdp chung MTBE thu duge ¢ ddy thip, metanol va C, chua phin
\ing thu duoc & dinh thdp.

Hén hop metanol va C, chua phan tng dugc rira nudc dé tach metanol, sau do
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dugc dua sang thdp chung phan doan dé tich hén hgp nudc/metanol. Metanol chua
phan iing dugc tudn hoan lai thiét bi phan tng.

B2. Cracking MTBE

Quad trinh dva trén phan Gng thu nhiét sau:

(CH,),C-O-CH; === (CH,),C=CH, + CH;OH

Phan (ng tién hanh trong pha khi & nhiét do 150 - 300"C (nhiét do t6i uu
275°C), 4p suit cang thip cang t6t nhung phai du dé thu héi isobuten trong pha long
bang cach 1am lanh véi nuéc (thudng ti€n hanh & 4p suit 0,6 MPa). Dé trinh phan
(ng phu dehydrat hod, qud trinh thudng duoe tién hanh vdi syt ¢6 mit caa hoi nude
vdi t lé mol H,O/MTBE & ddu vao clia thiét bi phan Gng 1a 5/1. Cling gidng nhu
trong phan itng steam cracking, hoi nude sé lam giam dp sudt hoi riéng phin cha cédc
cdu tr va tao thudn lgi cho st hinh thanh isobuten va metanol. Phan @ng xay ra véi sy
¢4 mat cla xic tac axit (st dung nhua trao déi cation hoac axit polyphosphoric).

D6 chuyén hod cao 95 - 98%, d6 chon loc dat 99,9% d6i véi isobuten va 94%
do6i véi metanol, do vay khong cdn tudn hoan MTBE chua phan ting. Trong trudng
hop d6 chuyén hod thdp hon 65% cin phai tudn hoan MTBE chua phén tng.

San phdm phu chii y&€u clia qud trinh cracking MTBE 1a dimetyl ete thu duge do
phan tng dehydrat hod metanol, cdc dime va trime cla isobuten va t-butyl alcol thu
duge do phan ing polyme hod va hydrat hod isobuten.

So d6 cong nghé qua trinh cracking MTBE tao isobuten clia IFP dugc trinh bay
trong hinh 1.16.

Nudi 1 gui 1risth phin Lich Hén hop Metanal/aud 1
metanolnuie TB phin rach
_— >
h
Dimelylotc .
’
an phid ;
Myuyén licu
Y TBE
Gia
nhidt s
Hui nud b
—_ Ria — N e . —
Chat 1hn nhidt nudic » > »
e —_— — | [sobuten
— e — | tinh khigl
Thict by L Q_’ —_— Ly [— Y —
Cracking [ — _— _—
Ling
-— N I N
AP nang
MTBE

Hinhl.16. Cong nghé cracking MTBE thanh isobwien ctia IFP
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Cong nghé nay bao gém ba bo phén chinh:

* Chuyén hod: thyuc hién trong thi€t bj ng chim. MTBE duoc gia nhiét va tron
v6i hoi nude va dua vao thiét bi phan ing. San phdm sau khi duoc lam lanh, ngung tu
va duge phén tich thanh hai pha long.

* Tinh ch¢ isobuten: pha hydrocacbon duge riva v&i nuée dé tich cdc cau ti
hoa tan nhur metanol, -butyl alcol va duge dua vao ba thdp chung ct dé lin lugt tich
dimetyl ete, san pham nhe va sin phidm nang nhu dime ctia isobuten vi MTBE.

¢ Thu héi metanol: tich nudc khdi metanol trong thap chung ¢4t phan doan.

C. Oligome hod

C6 rit nhiéu cong ngh¢ oligome hod dé€ san xuit olefin cao tir olefin phén doan
Cy. Céc cong nghe nay dugce chia lam hai loai: oligome hod déng thé va dj thé.

Hai cong nghé oligome hod chon loc isobuten cia UOP va IFP duge dp dung
trong cdc trudng hop sau:

* Chuyén hod mot luong 16n isobuten trong phéan doan C; thu dugce tir qud trinh
cracking xuc tdc va steam cracking da tich butadien (cong nghé Selectopol clia IFP)

* Tach isobuten tif san pham cla qud trinh hydrat hod hoac ete hod (cong nghé
Polyfining ctia IFP).

Cdc cong nghé nay hoat dong theo nguyén tic tuong ty nhau (hinh 1.17).

v[%
o]

Dong long
lanh

k-
+

Thiét bi phin tng

Thiét bi én dinh

A

Oligume

Phan duan C,

Hinh 1.17. Cong nghé Selectopol cita IFP - oligome hod isobuten
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Nguyén li¢u dau sau khi gia nhiét bing cdch trao déi nhiét véi ddng san phim
dugc dua vao phia trén ctia thiét bi phan dng. Qud trinh chuyén hod xay ra véi su ¢é
mat clia l6p xdc tac ¢§ dinh axit phosphoric mang trén SiO, hodc Si0O,-Al,O,. Phan
Ung tod nhiét. Nhiét cia phan ng dugc diéu khién bing cdch dua dong chat léng
lanh ¢6 chita hydrocacbon C, chira phan tng vao céc 18p xic tac. Nhiét dé phan ing
120°C, dp sudt 1 = 4 MPa. Dong san phdm duge 1am lanh va dua vao thiét bi tach khi
léng. Phan khi chita hydrocacbon C, chua phan ting duge 1am lanh, ngung tu va st
dung d¢ tich nhiét cba thi€t bi phdn Wng. Sin pham oligome dugc dua vio thép én
dinh dé tich phan doan giau buten & dinh va oligome & ddy.

c. Tdach 1-buten

2 phuong phdp chinh duge sir dung dé tdch hodc chuyén hod 1-buten bao gém:

e Hap phu trén sang phan ti

e Hydro-isome hod a-olefin thanh olefin ¢6 néi déi trong mach.

A. Hdp phu

Sing phan tif sir dung cho muc dich nay 14 cdc zeolit tdéng hgp véi dudng kinh
mao quin 3 + 10 A. Chiing ¢6 kha nang tich hydrocacbon mach thdng khéi cic
hydrocacbon mach nhanh. Cong nghé Olefin-Siv cia Union Carbide v Sorbutene
ciia UOP duoe Gng dung trong cong nghiép dé tach cdc hydrocacbon phan doan C,.

Cong nghe Sorbuten ctia UOP 1a mt bién thé cta cong nghé Sorbex tich bing
phuong phap hap phu trén sang phan tir (tdch parafin- Molex, tich olefin- Olex, tich
p-xylen- Parex). Qud trinh tdch 1-buten tir phan doan C, doi hdi nguyén liéu ddu phai
duge hydro hoa chon loc butadien va axetylen trudc khi dua vao thap hip phu.

So d6 cong nghé Sorbuten duge trinh bay trong hinh 1.18, dya trén ché do chay
gia ngugc dong gilfa nguyén liéu long va céc 16p chat hdp phu. Cdc 16p chat hip phu
ding yén, nhung nhd mot van quay véi nhiéu ddu vao va ra, tao ra su thay déi cic vi
tri dua nguyén liéu vio va ldy san phdm ra trong thap hap phu nhiéu giai doan.

Tai méi thoi diém va trong diéu kién can bang dong, trén méi 1p chat hap phu
cd sy chénh léch nong do giita cdc cdu tlr trong hén hop va dong dung moi ria giai
duge sir dung dé giai hdp phu cdc ciu tlr. Sy phan b8 néng do cdc cau tlr C, trén cic
16p sang phan ta ndy ¢6 duge la do dd chon loc hdp phu clia sang phan tlr d6i véi cdc
cdu tir 1a khac nhau. So vdi 1-buten, dé chon loc hap phu cia isobuten 12 2,26, cla
trans-2-buten la 3,10, cla cis-2-buten 1a 2,98. Do vay, tai moét s6 viing dac biét, tai
mét thoi diém nhat dinh chi ¢6 1-buten va chat nha hap phu ¢6 mat. Néu thu san
phdm tai day va dua di chung cét thi s& thu dugc [-buten véi do tinh khiét yéu ciu
(99,2%}. Ngoai ra ciing ¢6 cdc ving t8i vu khic dé thu duge hén hop hydrocacbon
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C4 khic véi chat rira giai. Sau khi chung cit, cdc chat giai hdp phu nay dugc tudn
hoan lai thdp hap phu. Cic chat giai hap phu thudng dugc sit dung la cdc
hydrocacbon ¢6 khoi lugng phan tir cao hon C, va ¢6 do chénh léch nhiét do sai
tuong doi 1én so véi C,.

THAP IZAP PHU VAN QUAY CHUNG CAT PHAN TRICH
Fy 1
ettty 3 J— I-buten
chat nh : Phintrich | &
Viing [V hiip phy i :.-;__&
Dungmoe, | ] 3 ___ A i i —
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Hinh 1.17. Cong nghé Sorbuten ciia UOP tdch I-buten tiv phéin doan C,

Néng d¢ clia nguyén liéu ddu va chat nha hap phu thay déi lién tuc tuong ting
véi cdc diém dua nguyén liéu va chat nha hdp phu vio, tao ra ché do chiy gid nguoc
dong trong thip. B¢ ¢6 duge su phan bé néng do cde cdu tir trén cdc 16p hip phu én
dinh, qua trinh phai dugc ti€n hanh trong cédc di€u kién nhiét dé va dp suat duoe kiém
tra nghiém ngat. D€ giit cdc hydrocacbon & trang thdi long can gii nhiét do nhd hen
100°C va 4p sudt khoang 2MPa. Hén hop thu duge & ddy thip dugec bom lién tuc Ién
trén dinh thdp dé dam bao ché do chdy nguoc dong lién tuc.

B. Hydro-isome hod

Qud trinh isome hod 1-buten thanh 2-buten dugc tng dung trong cong nghé
loc- hod dau bai céde 1y do sau:

* Dai v6i hod ddu: qud trinh nay ¢ thé lam qud trinh tach cdc ciu tir thudc
phan doan C, don gian hon.

o DGi v6i loc ddu: san phdm alkylat tao thanh véi isobutan ¢6 trj s6 octan cao
hon san pham alkylat thu dugc tir qua trinh alkyl hod truc ti€p phan doan C, ban dau.

Phan doan C, cta qud trinh steam cracking chita 10-15% khéi luong 1-buten,
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dé dat duoc do chuyén hod cao cdn tién hanh phan ting isome hod & nhiét do dudi
150°C. Trén thuc t&, qud trinh duge tién hanh & nhiét 46 100°C, do vy ham lugng 1-
buten con lai trong san pham la khoang 5% khéi luong. Trong diéu kién nay, t6c do
phan {mg cham. D¢ ting téc phan ng, c6 thé ding xiic tac kim loai quy (nhu Pd,
Rh...) mang trén chat mang Al,O;, qui trinh dugc cdi thién khi ti¢én hanh trong dong
H, dé hydro hod chon loc butadien con lai va do vay qud trinh nay duge goi 14 qud
trinh hydro-isome hod.

Vé nguyén tic, so d6 cong nghé cha quad trinh nay ciing tuong tu nhu cic qud
trinh xur 1y bang hydro khdc. Nguyén liéu C, sau khi tdch nuéc dugc nén t6i ap suét
1,5 + 2 MPa, dugc gia nhiét trong thié€t bi trao d8i nhiét v6i san phdm vi gia nhiét
bang hoi nudc, san d6 tron véi dong khi H, va dua vao thi€t bi phan ing vdi mot
hoac mot vai 16p xitic tac. Sau khi lam lanh, san phim isome hod duge dua vio thiét
bi tach khi/long dé tach luong H, du.

Pé san xudt phan doan giau isobuten (90 + 95%), cdn ti€n hanh qud trinh
hydro-isome hod theo hai giai doan, két hop véi viéc tach san pham 2-buten & giai
doan trung gian dé ting cudng hiéu qua cta qud trinh hydro-isome hod thit hai. So dé
cong nghé hydro-isome hoa dugc trinh bay trong hinh 1.18.

. . THIET Bl TACH THAP TACH 2-BUTEN  TBPHANUNG  THAP TACH 2-BUTEN
TBPHAN UNG SO CAP LONG:Kuf SO CAP THICAP THUTC AP
- o P bt
H,
h 4 k4 —_— r [R— air=blilen
H,du

W

Myuyén lidu 2

| /@, Iy ;hulug
Phan duan €, Q

Hinh 1.18. Céng nghé hydro-isome hod 1-buten thanh 2-buten
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1.2.3.2. Ndng cdp phdn doan C,

Vé 1y thuyét so d6 nang cop hydrocacbon phan doan Cj thu dugc tir qué trinh
steam cracking va cracking xtc tdc ciing twong ty nhu d6i véi phan doan C,. Nhung
phan doan nay c6 ham luong olefin va cdc hydrocachon mach nhdnh ¢c6 tri 88 octan
cao nhi€u hon, nén chiing thudng khong duge tich ma duoc chung cdt véi ciac
hydrocacbon thom dé sir dung pha tron xang. Thanh phan phan doan C; duge trinh
bay trong bang 1.9,

Mac di ham lugng phan doan Cs thu duge tir qud trinh steam cracking va
cracking xuc tdc khéng nhiéu, nhung day van la nguén thich hop d€ san xuit diolefin
(dac biét 1a isopren) va olefin.

Bang 1.9. Thanh phdn phén doan Cs (% khoi lugng)

Ngudn
Hydrocacbon - -
Steam cracking Cracking xiic tdc

C, 1,0 2,0
n-Pentan 26,0 5,5
Isopentan 24,0 31,5
n-Penten 4,5 22,5
Metylbuten 12,0 37,5
Xyclopenten 1,5 -
Isopren 13,5 -
Pentadien (piperylen) 9,0 -
Xyclopentadien 1,5 -
G 1,0 1,0

Téng 100,0 100,0

1.2.3.2.1. Tach diolefin (isopren) tit phin doan Cs ciia qud trinh steam cracking

D¢ tdch isopren ¢ trong phan doan Cs cin ap dung cdc phuong phap tdch rat
phuc tap bdi vi nhiét d¢ séi clia cdc hydrocacbon khac trong phan doan Cs rat gan véi
nhiét do soi clua isopren (bing 1.10).

Phuong phdp t6t nhat dé tich isopren khoi phan doan C, 1a phuong phap chung
trich ly. Cang gidng butadien, cdc dung moéi chinh duge sir dung la axetonitril
(ARCO, Exxon, Japan Synthetic Rubber, Nippon Petrochemical, Shell), N-metyl-
pyrolidon (BASF) va dimetylformamit (Nippon Zeon). Cdc dung moi nay c6 thé tam
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thay d6i d6 bay hoi tuong d6i cha cdc cdu i, do vay chiing c6 thé 1am qué trinh tich
loai dé dang hon nhiéu so véi phuong phap chung cét thong thudng.
Bdng 1.10. Nhiét dé s6i va do bay hoi titong doi ciia
mot sé hydrocacbon so véi isopren ¢ 40°C

P¢ bay hoi tuong déi
Hydrocachon t, ("C) : -
Khong c6 dung mot | Trong dung moi DMF
1-Penten 30,0 1,16 2,35
2-Metyl-1-buten 31,2 1,11 2,05
Isopren 34,1 1,00 1,00
#n-Pentan 36,1 0,94 3,60
trans-2-Penten 36,4 0,93 2.00
cis-2-Penten 36,9 0,92 1,90
2-Metyl-2-buten 38.6 0,86 1,65
Xyclopentadien 41,0 0,82 0,55
trans-Piperylen 42,0 0,76 0,75

Mot s6 cau tr trong phan doan Cs ¢6 thé tao hén hap ding phi ¢6 nhiét do sbi
gan nhiét do soi cfa isopren, vi du piperylen tao hén hop ding phi véi n-pentan
(35,3°C), véi 2-metyl-2-buten (38°C) va vdi cis-2-penten (36,9°C), do vay ciing khé
tach isopren ta khoi hén hop nay. Qud trinh chung trich ly ciing ¢6 thé 1am qué trinh
tich dé dang hon.

Mot phuong phdp khic dugc dp dung trong cong nghiép dua vao xu hudng dé
bi dime hod cua xyclopentadien ngay & nhiét dé thudng. Qud trinh dime hoa tang
ddng ké & nhiét do 95 + 125°C va khi tang ap suat (0,5 MPa). Dixyclopentadien tao
thanh ¢6 nhiét d¢ s6i 170°C & dp suat khi quyén dé dang dugc tach ra khéi phan doan
Cs, qud trinh khir tring hop (depolymerization) ciing xay ra & nhiét dé nay. Néu
khoéng can do tinh khiét cao, ma chi cin thu dugc phan doan giau xyclopentadien,
piperylen va isopren thi chi cdn sl dung phuong phap chung cat don gian dé tach hén
hop nay.

Cong nghé chung trich ly tich isopren ciing tuong tu nhu déi véi cong nghé
tach butadien tir phan doan C,. Ti 1¢ dung moi so véi nguyén licu ddu 1 5-6, véi sy
c6 mat cha chét tic ch€ polyme hod va 5-10% nudc trong truding hop sit dung dung
moi axetonitril va N-metylpirolidon dé ting d6 chon loc clia qud trinh. Néu sit dung
dung moi dimetylformamit, thi méi trudng phii khan d€ tranh kha nang
dimetylformamit dé dang bi hydrat hod tao thanh axit formic va dimetylamin. Khdc
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v6i axetonitril, N-metylpyrolidon va dimetylformamit khong tzo thanh hén hop déng
phi v6i cac hydrocacbon trong phan doan duge xir 1.

Cong nghé BASF san xudt isopren tir phan doan Cs cba qud trinh steam
cracking sir dung dung moi N-metylpyrolidon duge trinh bay trong hinh 1.19 gém
cac giai doan sau:

(a) Dime hoia 90% xyclopentadien, trong giai doan nay 4% isopren trong
nguyén liéu ciing bi polyme hoi.

(b) Trich ly diolefin vi axetylen bang cdch tiép xic long/1dng, sir dung dung
moi N-metylpyrolidon ¢6 chita nude. Phan rafinat ¢6 chita cht y&u la pentan, penten

va dixyclopentadien thu dugc & dinh thip. Dung méi duge thu hdi bang cdch rira
rafinat thu duge véi nudce.

{(c) Chung c4t phdn trich. Hon hgp parafin, olefin con du (dic biét la 2-metyl
2-buten) va mot lugng nhé isopren thu duge & dinh thdp. Ciac hydrocacbon nay sau
khi tach cédc cau tir C, v 1,4-pentadien d thdp tdch butan duge tuan hoan lai thip
trich ly. Phan doan nang thu dugc tlr thap chung cat phan trich duge dua sang thdp
tich ti€p theo dé thu héi dung méi & diy thdp va tudn hoan lai thap trich ly.
Hydrocacbon thu duge & dinh thdp tach c¢6 chita isopren, piperylen, xyclopentadien
con du, xyclopenten, din xuat axetylen va mot lugng nuéde du duge dua sang thip
hap thu.

(d) Hap thu ¢ dp sudt thudng, véi dung moi N-metylpyrolidon, isopren khong |
hap thu dugc tach ra khoi hén hop hydrocacbon & dinh thdp. Phén trich duge dua
sang cdc thdp chung tiép theo dé tach dung moi & ddy tudn hoan lai thdp hip thu,
piperylen va cdc din xuit axetylen Cs thu duge o dinh thédp.

(e) Tinh ché phin rafinat giau isopren thu dugc sau thdp hap thu bang 2 thédp
chung cat. Thdp thid nhat tich sdn phdm nhe 2-butyn & dinh thdp, thdp thi hai tch
san pham niang xyclopenten, vét clia piperylen va xyclopentadien ¢ ddy thdp. Isopen
¢6 do tinh khiét cao thu duge O dinh thap thi hai.

1.2.3.2.2. Ndng cdp olefin phdn doan C5

Cic olefin phan doan Cs c6 it itng dung hon cdc olefin phan doan C4. Olefin ¢é
nhiéu ing dung nhat trong phin doan nay 1a cic isoamylen, dac biét 1a 2-metyl buten
dugc ding dé san xudt isopren bing phuong phdp dehydro hod va san xuét rerr-amyl
metyl ete (TAME) bang phuong phdp ete hod. TAME ciing dugc sit dung nhu mét
cfu tr lam tdng tri s8 octan chia X4ng. Bing phan ng cracking, TAME ciling ¢ thé
tao thanh isoamylen. Day ciing 12 phuong phép dé tdch 2-metyl buten kinh t& hon so
véi phuong phép tdch bing trich ly truc tiép tir hén hgp CS.
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Céng nghe ete hod phan doan C5 chia IFP dugc trinh bay trong hinh 1.21.

g - I a ki -
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Hinh 1.21. Cong ngh¢é ete hod phdn doan C5 ciia IFP

Néu sir dung nguyén liéu C5 ciia qué trinh steam cracking thi nguyén li¢u phai
dugc hydro hod chon loc trudge dé tich céc diolefin.

Phan (ing ete hod toa nhiét duoc tién hanh trong pha léng & 70 + 100°C, 0,8 ~ 1,5
MPa, v6i su c6 mat cua xiic tdc axit rin 12 nhya trao déi cation. Ti 1¢ metanol/isoamylen
¢ ddu vao clia thiét bi phan ing khodng 1,1/1,5 véi 16¢ d¢ thé tich long LHSV tir
2+ 3 h". Do chuyén hod dat duge 70%, d6 chon toc 95%.

Phin ng ete hod dugc tién hanh trong hai thiét bi phdn tng néi ti€p. Thiél b
thit nhat ¢é dong nguyen liéu di vao tr ddy thdp, ¢4 bo phan lam lanh ngoai, tuan
hoan mot phan méi trudng phan ing dé diéu khién nhiét do phan ting. Thiét bi phan
Uing thi hai la thiét bi 16p xic tic ¢& dinh véi dong nguyén liéu di vao tir dinh thdp.

San phdm ete hod c6 thé duge dung truc ti€p pha vio xang ma khong cdn tich
metanol con dur chura phéan ting hoac duge dua vio bé phén tdch thu hdi metanol du.
D¢é thu héi metanol du, dau tien sir dung thi€t bi chumng cat dang phi dé téch metanol
chua.phin ng & dinh thdp, sau d6 san phim dinh dugc ria bang nudc. Hén hop
nude/metancl dugc chung d€ thu héi va tuan hoan metanol chua phan dng vé thédp ete
hoa.
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1.3. SAN XUAT OLEFIN CAQ

Olefin cao c6 thé nhan duge tir qué trinh oligome ho4 xic tic olefin nhe hoac
dehydro hod n-parafin... .
1.3.1. Oligome hoa olefin nhe
1.3.1.1. Oligome hod etylen

bay 1a mot phuong phdp dé nhan a-olefin cao v6i s6 nguyén tir C chin ¢ do
tinh khi€t rat cao ding 1am nguyén lieu cho téng hop hod hoc hoic dé tdng hop céc
chét hoat dong bé mat cao cip. Qud trinh thudng sir dung xiic tic co kim nhu trialkyl
nhom hodac xic tdc kim loai chuyén ti&p.

a. Oligome hod etylen véi xiic tdc co kim:

Qua trinh nay dugc Ziegler tim ra vao ddu nhiing nam 1950. Phan tng qua hai
gial doan

- Giai doan 1:
| , (CHy-CHy),-Et
Al(Et); + (a+b+c)CH,=CH, — Al— (CH,-CH,),-Et
(CH,-CH,).-Et

Nhi¢t d¢ phan tng thudng 1a 100-120°C, 4p suat etylen 10 MPa.

- Giai doan 2: tdch nhém alkyl nhém va tao san pham a-olefin.

/(CHz-CHz)a-Et CH,=CH-(CH,-CH,), ,-CH,-CH,
Al_ (CHQ-CHz)b'Et + 3CH2=CH2 — Al(Et)3 + CHzZCH-(CHz*CHz)b_I'CH2'CH3
(CHz-CHz)c-Et CH2=CH-(CH2-CH2)C_|-CHTCH3

Nhiét d¢ cao 200-300"C, 4p suit 5 MPa.

a-Olefin nhan dugc bang phuong phdp nay c6 thudng 13 hén hop cac olefin véi
$6 nguyén tir C khdc nhau, phuong phap doi héi phai c6 cong nghé cao vi alkyl nhom
12 chét dé chdy nd khi tiép xiic véi khong khi, do vay phai cé thiét bi duge ché tao
dac biét.

Trén the gidi c¢6 ba hing 16n hién dang san xudt a-olefin theo cong nghé nay,
dé la Gulf Oil, Ethyl Corporation (M§) va Mitsubishi Chemical (Nhat). Ba hdng nay
déu dung xiic téc triethyl nhom. Tuy nhién, cOng nghé hang Gulf Oil va Mitsubishi
Chemical chi tién hanh phdn ung mot lin qua xic téc, véi lugng xuc tdc trialkyl
nhom nhé (0,5% khai lugng) va khong cén thu héi alkyl nhom. Ci hai giai doan déu
dugc ti€n hanh trong cling mot 10 phan ung.
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Hiang Ethyl Corporation 4p dung cong ngh¢ ¢6 tuan hoan. Hiéu suit «-olefin

thu dugc cao hon so vdi cong nghé hang Gulf, nhung ham lugng olefin ¢é nhinh laj
cao hon.

b. Oligome hod etylen véi xiic tdc kim loai chuyén tiép

Qua trinh thudng s dung xidc tdc Ni, Co, Ti, Zr. Hang Shell di dua ra mot

cong nghé san xuat c-olefin trong pha 1ong sit dung xic téc Ni thu duge olefin cé do
tinh khiét cao, goi tat la cong nghé SHOP (Shell higher olefin process). Qud trinh
dugc thuc hién & nhiét do 80 + 120°C, 4p suit 7 + 14 MPa.

1.3.1.2. Dime hod va codime hod etylen, propylen va buten

a. Dime hod etylen thanh buten

- Cong nghé Alphabutol cua IFP sin xuat 1-buten

+ Nhiét do: 50 - 60°C

+ Ap su4t thich hop dé duy tri phan dng & pha 1éng.

+ Xiic téc déng thé trén co sd titan

- Cong nghé Dimesol E cua hang Phillips va IFP

+ Phan tng pha long

+ Nhiét do: 50°C

+ Xic tdc trén co 56 Ni va mot tdc nhan khir 1a hgp chét co kim

b. Dime hod propylen

- Cong nghé Goodyear-Scientific Desigh — san xuét 2-metyl-1-penten
+ Xic tac trietyl nhom.

+ Nhiét do khoang 200°C.

+ Ap suat 20.10° Pa.

- Cong nghé cua BP va Mitsui Petrochemical — san xuit 4-metyl-1-penten
+ Xuc tdc hgp chat cia K va hgp chat co kim cba K.

+ Nhiét d6 khoang 150 - 200°C.

+ Pha long

- Cong nghé cia UOQP: trime vi tetrame propylen (vi du trime propylen —

dodecen Cy7).
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c. Dime hod isobuten

Tao hén hop 2,2,4-trimetyl-1-penten va 2,2, 4-trimetyl-2-penten véi xic tac axit
(H,S0, hoic nhira trao déi ion).

Dién hinh 12 cong nghé Bayer

+ Xiic tdc nhua trao déi ion

+ Pha 1dng, nhiét do 100°C

+ San pham gém 75% dime vi 25% trime.

d. Dime hod propylen va buten két hop hodc riéng biét:

- Muc dich cua qua trinh:

+ Nang cao chi s octan cha xdng

+ San xuat olefin cao diing cho téng hop oxo.

- Cong nghé qua trinh:

+ Phan \tng toa nhiét, ti€n hanh trong pha léng véi xiic tac di thé (H,PO,/Si0,-
cong nghé UOP) hoac xic téc déng thé (xiic tdc co kim: alkyl nhém - mugdi Ni -
cong nghé Dimersol ctia IFP..)

+ Nhiét d6 phan ting khoang 250°C, 4p suat 8 MPa

- Cong nghé dimersol cua IFP duge trinh bay trong hinh 1.22.

\

Nude mit

Thiét bi phin ting )——

Tach butan

A

Nguyeén lieu ddu
(C_\_! C4_

Xit Iy

e thil

Xuc tdc Nuge ! — H
¢ Olefin LPG

Hinl 1.22. Cong nghé dimesol cita [FP
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Quad trinh sir dung xtic téc co kim duge tao thanh do phan tng cta alkyl nhom
v0i mudi Ni. Céng ngh¢ nay ciing thich hgp cho qué trinh san xudt xang bing phan
ung dime hod propylen tao thanh isohexen (qud trinh Dimesol G) hodc bing phéan
ting oligome hod etylen va propylen tir sdn phdm khi cta qud trinh cracking xic tdc
(Dimesol E), hoic thich hop cho qud trinh san xudt hepten va octen tir propylen va
buten (Dimesol X).

Phan iing toa nhiét nén cdn cé bién phdp tich nhiét phan itng thich hop. Po
chuyén hod tao thanh dime ho#c oligome phu thudc vio thai gian luu va néng do xiic
tdc. San pham ra khoi thi€t bi phan tng duge dua qua b phan trung hoa vi tich xic
tic, sau d6 duge rira bang nude va dua sang thiét bi chung cit phan doan. Pé tang do
chuyén hod, c6 thé ding mot vai thiét bi néi tiép.

1.3.2. Dehydro hoa n-parafin

Trong qud trinh dehydro hod xiic tac n-parafin tao olefin, mach cacbon khéng
bi thay d6i, do d6 s& nhan dugc olefin mach thang. Di dau trong viéc san xudt olefin
bing phuong phdp dehydro hod 1a hang UOP (Universal Oil Products) véi qué trinh

Pacol.

1.3.2.1. Co sg hod hoc cua qud trinh

Qud trinh dehydro hod thuc hién dua trén phan ting sau:
R-CH,-CH; == R-CH=CH, + H,

Day 1a phdn tng thu nhiét va tang thé tich, do vay, qud trinh thich hop & nhiét
do cao, dp suit thap.

& nhiét do cao n-parafin cao bi bién déi rat phic tap, ngodi phan tng dchydro
hod con xay ra cdc phan (ng cracking, isome hod. Ngoai ra qud trinh dehydro hoa
khong chi dimg lai ¢ giai doan tao olefin, ma chinh olefin tao ra lai bi bién déi tao
thanh dien, trien, hydrocacbon thom.

Kha nang bién déi cha parafin cé thé trinh bay theo so dé hinh [.23.

Phan ung dehydro hod parafin tao olefin (1) dién ra trén tam xtc tdc kim loai 1a
phan ting xay ra dau tién, con cdc phan ung phu (2 + 14) vira xay ra trén tam kim
loai, vira trén tam axit. Vi vy dé 1am gidm cdc phan img phu cin loai bo tam axit
clia xdc tdc. D€ tranh chuyén hod sau, cin han ché thdi gian tiép xuic.
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Hinh 1.23. So d6 phan itng dehydro héa cria parafin

Nhu vay ngoai san pham chinh I3 olefin, cdn xudt hién cdc sin pham phu nhu
diolefin, hydrocacbon thom. Ngoai ra con tao ra mét lugng nho san pham cracking,
isome hod va ngung tu.
1.3.2.2. Cong nghé quad trinh

Cac thong s6 co ban cua qua trinh:

- Nhiét do 450 = 510°C, .

- Ap sudt H, thay d3i tir 0,2 + 0,5 MPa [a t6i wu.

-TyleH: C=9:1

. Xudc tac thuong dung 1a hé Pt/y-AlL,O, (v4i thanh phdn Pt = 0,3 + 0,75%,
v-Al,0, ¢6 bé mat riéng 12 170 + 190 m¥/g), dugc kich dong bdi Li va As hoic Ge.

- Bé lam giam sy tao thanh cla cdc san phim phuy, dic biét 1a hydrocacbon
thom, ngudi ta duy tri mic d6 chuyén hoa thap tir 10 + 15%,

- Téc do nap liéu ~ 30 h!

- San pham tao thanh 1a hén hop cha parafin va olefin (d6 chon loc theo olefin:
89 + 93%).

- Olefin duge tich ra bang sang phan tir (qua trinh Olex - olefin extraction
process).

- Sau d6, ngudi ta di k€t hop ca 2 qud trinh dehydro hod va tdch olefin - qua
trinh Pacol - Olex.



Dehydro hod n-parafin trén xic tdc Pt/Al,O; trong thuc t€ duge tién hanh & 450
+ 500"C véi 2 didu kién ché do cong nghé: ché do mém va ch€ do cing. O ché do
cting, ti 56 mol H,/Pt nhé hon so véi ch€ do mém. Ché do cing ¢6 kinh t&€ hon, nhung
chit luong olefin nhan duge at gidam do ham lugng cic dien va hydrocacbon thom
tang hon & ché do mém. S& liéu duge chi ra trong bang 1.11.

Bing 1.11. Cdc ché do cong nghé cia qud trinkh dehydro hod n-parafin

Ch&€ do mém

Ché d¢ clng

Nhi¢t do, °C
Ap suit, MPa
Van tdc thé tich (theo parafin), h'*
Ti I¢ mol Hy/parafin
Mitc do chuyén hod parafin, %
Thanh phan khéi lugng, %
Mono-olefin
Di-olefin
Hydrocacbon thom
San phiam isome hod
San phim cracking
Do chon loc theo olefin, %

Thoi gian hoat dong ctia xtic tac, ngdy dém

460 + 500
0,3+0,4
20 = 30
8:1
11,2

10,0
0,3
0.3
0,2
0,4
90,0
30

470 = 500
0,2+03
30
6:1
17,7

14,9
1,0
0,9
0,3
0,6
84.5
20

So d3 két hop qud trinh dehydro hod va alkyl hod nhu sau (Qua trinh Pacol-

Detergent) dugc trinh bay trong hinh 1.24

Trong qué trinh Pacol-Detergent, olefin bi alkyl hod vdi benzen, san phdm
alkylbenzen ¢é nhiét do s6i cao hon parafin, vi vay cho phép thu héi va tudn hoan lai
cdc parafin chua phdn ting c¢6 nhiét d¢ soi thdp hon bang thiét bi chung cit phan

doan.

Tuy nhién, khi olefin dugc sir dung dé san xudt alkylsunfat hodc rugu oxo, viéc
tach parafin chua phan tng tir san phdm bing chung cdt phan doan khé thuc hién. Vi
vay ngudi ta da két hop qua trinh dehydro hoa véi qua trinh trich ly (qud trinh Pacol-
Olex), st dung chat hap phu chon loc dé tich olefin va cho tudn hoan lai parafin

chua phéan Gng vao thiét bi dehydro ho4.
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Hinh 1.24. So d6 cong nghé qua trinht Pacol-Detergent:
1- thiét bi gia nhiét; 2- thist bi phan (ing dehydro hoa; 3- thiét bi phan tach;
4- thiét bi hydro héa chon loc diolefin; 5- thiét bj chung cét tach phan doan
nhe; 6- thiét bi alkyl hoa; 7- thap hdp phu

So dé két hgp qud trinh dehydro hod va tach loai (Qua trinh Pacol-Olex) dugce
trinh bay trong hinh 1.25.

Nguyén liéu parafin ban ddu (I) va parafin tudn hoan (II) qua thiét bi trao déi
nhiét (3) d€ tan dung nhiét cla san pham phén ing dehydro hod, sau d6 dugc dua qua
thiét bi gia nhiét (1) nang 1én dén nhiét do phan ing, dugc tron véi H, tudn hoan roi
dua vio 1o phan tng (2). Ld phan tmg (2) ¢6 chia 1dp xdc tdc ¢6 dinh, phan tng xay
ra vdi do chuyén hod 10 + 20%, tao olefin véi hiéu sudt khodng 90%. Sau khi lam
lanh va ngung tu trong thi€t bi (3), san phém phan tng duge dua vao thiét bi phan
tich (4), sau dé dua sang thiét bi hydro hoa diolefin (5). Khi H, tidch ra mot phan
dugce tudn hoan lai 16 phan dng, mét phin dugc dua qua thigt bi hydro héa (5), phin
cdn lai duge dua di ding cho muyc dich khdc. Hén hop sin phdm dugc dira vio thiét
bi chung cit (6) dé tdch san phdm cracking nhe. San pham cracking dugc dra vio
thiét bi phan chia san phdm (7), tir d6 tdch ra san phim cracking phin léng va khi.
Hén hop sin phim dehydro hod gdém olefin va parafin duge dua vio thdp hap phu
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(9). Thiét bi hip phuy (9} ¢6 chita cic 16p chat hdp phu <& dinh, ¢6 kha nang phan tich
céc phan doan ¢6 khoing nhiét do s6i rong. Sau dé hén hgp san pham tiép tuc duge
dua qua thiét bi tinh ch& chung cat phan doan (10) d€ tdch parafin dua tudn hoin trd
lai thi¢t bi dehydro hod va duge dua qua thiét bi (11) d¢ tach olefin. Olefin duge tich
ra tir thiet bi (12) dugc dua di sir dung cho cdc muc dich tiép theo ma khong cén xir
ly gi thém.

111 VI
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Hinh 1.25. 80 d6 cong nghé qud trinh Pacol-Ofex:
1- thiét bi gia nhiét; 2- thiét bi phan (mg dehydro hoa; 3- thiét bi trao déi nhiét; 4- thiét b
phén tach: 5- thiét bi hydro hoa dioiefin; B- thiét bj chung ct tach phan doan nhe; 7- thiét bj
phan chia san phdm cracking; 8- van phan phdi: 9- thap hap phu: 10- thigt bi x(r Iy phan
raffinat; 11- thiét bi gia nhiét nha hap phuy; 12- thiét bi x& ly phan trich; I- nguyén liéu parafin
ban dau; II- parafin tudn hoan; I11I- H,, IV- hdn hgp san phdm parafin-olefin; V- san pham
cracking 1dng; VI- sdn pham cracking khi; VII- san pham olefin

Nguyen li¢u sir dung cho qud trinh Pacol-Olex 13 phin doan parafin C11 + C14
c6 thanh phan nhir sau .

CioHzn 0,3 Cy1Hyy 15,0 C1oHas 31
C3Hyyg 35 C,sHy, 17,3 CysHy, 0,2
Ngoai ra con ¢6 0,9% iso- & xyclo-parafin va 0,3% hydrocacbon thom.

Olefin nhén dugc tir qua trinh dehydro hod - trich ly ¢6 thanh phan nhu sau:
n-Olefin C11 = Cl14 93,7%



Tap chat:

n-Parafin 1,8%
Iso- va xyclo-parafin 1,5%
Hydrocacbon thom 3,0%

1.3.3. Cracking nhiét

Qud trinh cracking nhiét cha cic n-parafin phan ti lugng 1én thudnz tao thanh
cdc a-olefin ¢6 tmg dung 18n trong linh vuc san xuat chat déo va chat tay rira. D€ san
xudt olefin sach, ham lugng iso- va xyclo-parafin trong nguyén liéu déu phai thap.

Vi du nguyén liéu dau 1a phan doan sdp ¢6 chira 90,5% mol n-parafin tir C17-
34, 8,2% isoparafin va 1,2% xycloparafin, sau qud trinh cracking nhiét san phdm
thu ducc chita olefin, trong dé hon 90% la o-olefin.

Chat lugng cna olefin thu duge tor qué trinh cracking nhiét khong tdt béng

olefin thu dugc tir qui trinh oligome hod etylen. Trong san phdm cracking nhiét
thuong ¢6 1Ain mot lugng nho dien va hop chat vong.

Bang 1.10. Thanh phan cdc phdn doan (%KL) thu dicoc tr
qud trinh cracking nhiét parafin (gud trinh Chevron)

C6-C7 | C8-Cl10 {C11-C12/C13- C14|CI5- C18[C18- C20
o-Olefin 83 83 88 88 89 86
Olefin néi doéi trong mach| 12 11 5 5 3 1
Diolefin 3 4 5 5 6 4
Parafin 2 2 2 2 2 9
Hydrocacbon thom 0.4 0,2 0 0 0 0

1.3.4. Cac phuong phap san xuét olefin khic

Mot s6 olefin duge san xudt trong cdng nghiép dua trén phan iing tich loai cia
mét 56 nhém cinic khoi phan tir hop chat hitu co nhu: dehydrat hod rugu va
dehydroclo cac dan xudt clo.

1.3.4.1. Dehydrat hod ruou

Qua trinh san xu4t etylen bang phuong phdp dehydrat hod rugu etylic dugc iing
dung trong cong nghiép trude khi qud trinh steam cracking phat trién. Hién nay qua
trinh nay van dugc dp dung & moét s6 nuée nhu Brazin, An D6, Chau Phi.... Hién nay,
mot s6 qud trinh san xuat etanol mdi phdt tri€n di 1am phuc héi qud trinh/sdn xuat
etylen tir ngudn nguyén liéu nay.
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C,H;OH —» C,H, + H,0

O cic nude ¢6 nén cong nghiép hod dau phat trién, qua trinh ngwoc lai, hydrat
hod etylen, thudng dugc iing dung dé san xudt etanol.

Etanol c6 thé sian xuat tir qué trinh 1én men tinh bot, hodc san xuat tir khi tdng
hop. Vi du cong nghé Union Carbide v4i xic tic rodi (Rh)

2CO + 4H, —» CH;CH,0H + H,O

Qua trinh tao ra nhiéu san phdm phu nén do6 chon loc etanol thap (33,6% mol).

Cédc san pham phu chil yéu la: metan (49,6%), axetaldehit (2,6%) va axit axetic (6,5%).

Etanol ciing ¢6 thé san xuat bang cobng nghé Shell sir dung xic tdc
coban/phosphin.

CH,OH + CO + 2H, ~» CH,CH,0H + H,0

Etylen va cdc olefin cao hon ¢é thé dudc san xuat truc ti€p tir khi téng hop hoac
metanol. C6 thé k€ dén mot s6 cong nghé sau:

(a) Cong nghé Ruhrchemie, dua trén cong nghé Fischer-Tropsch, st dyng xiic
tdc phitc dua trén co sd sit. San phdm 1 hén hop clia olefin vi cdc ankan cé khdi
lugng phan tir thap (C1 - C5)

(b) Cong nghé Mobil di tir ngudn nguyén liéu metanol, sir dung xic tdc zeolite
ZSM-5 dugc xuc tién boi trimetylphosphit [P{OCH-),].

(c) Coéng nghé¢ MTO (Methanol To Olefin) cia Union Carbide, sir dung xic tic
silicoaluminophosphat mao quan nhé (SAPO-34) & dang tdng s6i, san xuft olefin
C2-C5 véi 16 chon loc 90% khéi luong va d6 chuyén hod metanol dat 100%.
1.3.4.2. Pehydroclo hod cdc dan xudt clo

Pay 1a qud trinh dehydro hod gidn ti€p parafin. Dau tién parafin duge clo hod
tao thinh din xudt monoclo parafin, sau dé dan xuit nay duoc tdch HCl dé tao thinh
olefin. Qua trinh ndy dugc ing dung dé san xuit n-olefin véi néi doi nam trong
mach. Qud trinh dugc phat trién béi hing Chemische Werke Hiils.

Qua trinh clo hod dugc tién hanh trong pha 1éng & 120°C véi do chuyén hoi
40% dé han ché sy tao thanh cdc din xuit polyclo parafin. Qué tinh clo hod xay ra
chil y&u & vi tri gifta mach. Hon hop san pham [ cdc dan xuit mono-, di-, poly-clo
parafin va parafin chua phan (ng dugc dua sang thiét bi dehydro clo hod. Phan ting
dugce ti€n hanh ¢ 300 + 350°C vdi xidc tdc oxyt silic va oxyt nhom. Cic dan xuat
monoclo parafin duge chuyén hod véi hi¢u sudt chuyén hod hon 99% tao thinh
mono-olefin vdi ndi déi nam trong mach. Qud trinh dehydroclo hod di- vi poly-clo
parafin tao thanh di-olefin va polyolefin.
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Chuong 2
SAN XUAT HYDROCACBON THOM

2.1. GIGI THIEU CHUNG

Benzen, toluen, cac xylen (BTX), etylbenzen vd cumen la cdc hydrocachon
thom duoc Gng dung rong rdi nhat trong cong nghé tong hop hod dau. Ching 1A cic
chdt ddu quan trong cho nhiéu qui trinh san xudt hod chit va polyme thuong mai nhu
phenol, trinitrotoluen {TNT), nylon va chit déo.

Cic hop chit hydrocacbon thom duge dic trung bdi ciu tric vdng bén vitng
nhd su xen phi (cong hudng) cla cdc orbital n. Do d6, chiing khong dé dang tham
gia phan g cong cic tic nhan dang halogen va axit nhu 13 cdc anken. Tuy nhién cic
hydrocacbon thom rdt nhay véi phan ung thé electrophil véi su ¢ mat caa Xiic tdc.

2.2. TINH CHAT KY THUAT CUA CAC HYDROCACBON THOM

Cic hydrocacbon thom thudng la khong phan cuc. Ching khoéng hoa tan trong
nudc nhung hoa tan (6t trong cdc dung moi hitu co nhu hexan, dietyl ete va tetraclorua
cacbon.

Benzen 1a chat 1ong khong mau ¢é mui thom dac trung. Vao mba dong, benzen
déng ran thanh khéi tinh thé mau tring. Benzen 12 hop chit rat dé bit chdy va chdy
thanh ngon la ¢6 mudi. Hoi benzen tao thanh hén hop nd véi khong khi trong khoang
nong d¢ rong. Benzen ¢d kha nang hoa tan trong ruou etylic nhung tan rt it trong nudc.

Toluen ciing A mot chdt long linh dong khong mau va ¢é mii gidng nhu
benzen. NG cling rat dé& bit chdy vh chdy thanh ngon ita ¢é muoéi. Toluen ¢é kha
ning hod tan trong benzen, etanol, cdc xeton va phdn 16n cic dung moi hiu co,
nhung tan rat it trong nudc.

Khic véi benzen va toluen, xylen thudng tén tai dudi dang hén hop 3 déng phan
oclo-, meta-, para-, khac nhau & vi tri cia 2 nhém th€ metyl trong vong benzen.
Trang thdi ton tai cta 3 déng phin nay ciing rit khac nhau: o-xylen v m-xylen ton
tai & dang long khong mau, con p-xylen ¢6 thé & trang thdi long khong mau hoidc
dang tinh thé. Ca 3 dong phan déu dé bat chdy va doc. Ching hod tan trong etanol va
ciing rat it tan trong nuée. Bang 2.1 liét ké mét s§ théng s6 tinh chat ky thuat diac
trung cia BTX.
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Bdng 2.1. Mot s6 ddc trung k¥ thudt ciia benzen,
toluen, cdc xylen, etylbenzen va cumen

Thong sé Don | Benzen | Toluen| o- m- p- Etyl | Cumen
vi Xylen | Xylen | Xylen |benzen
Khdi luong dvC | 78,11 | 92,13 |106,16 | 106,16 | 106,16|106,17| 120,19

Ty trong & 20°C 0,879 | 0,867 | 0,876 | 0.86 | 0,857 | 0,867 | 0,86
Nhi¢tdonéng | °C | 5,53 [-94,99 | -252 | -48 | -133 | -949 | -96
chay |

Nhietdosoi | °C | 80,1 | 110,6 | 1444 | 139 | 1384 | 1362 | 1526
Gidi han né % : y __
trong khong khi| thé

Dudi tich | 14 1,3 L1| 11] 1,1 | 099 1.1
Trén 7.1 68| 64| 64| 66 | 67 8,0
Niietds i | e | i T e R T
chay céc kin (céc ho)
T T T s s e |
(khong khi=1)

Gidi han tiép 5.8 | 50,8 [100;8 |100;8 | 100; 8 | 100; 8| 25:8

xuc (ppm; gid)

2.3. CAC NGUON CUNG CAP VA PHUGNG PHAP SAN XUAT
HYDROCACBON THOM

Trong céng nghiép, nguén cung cdp benzen, toluen va cdc xylen chit yé&u la san
phdm ctia qud trinh reforming xidc tic naphtha. Mot ngudn cung cdp BTX quan trong
khdc d6 l1a cracking xic tdc, trong d6, cdc phan doan ddu thé it ¢6 gid tri va phin can
nang dyoc phan huy trong di€u kién cé xiic tic tao thinh cdc cdu tir hydrocacbon
nhe. Naptha sdn phdm c6 tri s6 octan cao nhd c4c phan tng thom hoé xay ra cung vai
phan tmpg chinh cracking.

Mot qué trinh méi khdc ciing dugc xem nhu mot ngudn cung cidp BTX quan
trong, d6 1a qud trinh Cyclar. Nguyén ligu ciia qua trinh nay 13 khi ddu mo hod 1ong
(chita chu yéu C3 va C4). Xiic tic ctia qué trinh 13 dang zeolit c6 kha ning xic tién
phan ing dehydro hod nguyén li¢u, polyme hod sin phdm mé&i hinh thanh dé tao nén
cac oligome khong no, va tiép tuc dehydro vong hod cédc oligome nay tao thanh cdc
hydrocacbon thom. Hi¢u sudt benzen tir qud trinh Cyclar thudng 16n hon cdc qud
trinh reforming xic tdc.
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Cracking hoi (steam cracking) naphtha chd yéu nhdm sdn xuét etylen, nhung
ciing 12 mot ngudn cung cdp dang ké cac hydrocacbon thom, dac biét 1a benzen cé
trong sin phdm 1éng cha cong nghe nay. Céc hydrocacbon thom nay duge sinh ra tir
cde phan ting cong déng vong etylen méi hinh thanh va dehydro vong hod xay ra
trong qud trinh cracking hdai.

Hydrocacbon thom ciing ¢6 thé ¢6 ngudn géc khong phai tit ddu md. Thuc té,
khoing 10% lugng hydrocacbon thom tiéu thu trén toan thé gidi ngdy nay la duge
san xudt tr than d4. Day duge xem 1a ngudn cung cdp benzen va cdc san phdm thé
benzen khac chi yéu tir trude nam 1940. Cdc hydrocacbon thom hinh thanh thuc chat
1a sdn phdm phu cla qud trinh c6c hod than & nhiét 46 cao.

Bén canh céc ngudn cung cip ndy, ting loai hydrocacbon thom c6 thé duoc
téng hgp hoac chuyén hod cic hydrocacbon thom it gi4 tri thanh nhimg dang c6 kha
ning tng dung 1én va ¢6 nhu ciu cao.

2.3.1. Reforming xic tac

2.3.1.1. Cdc ddc trung hod Iy cua qud trinh reforming
a) Cac phan iing xay ra trong qud trinh reforming

Trong qué trinh reforming, cdc hydrocacbon thom dugc tao ra chil y&u tir hai
loai phan tng: Dehydro hod cic naphten (alkyl xyclohexan) va dehydro vong hod céc
parafin va isoparafin. Giif vi tri ho trg quan trong cho cdc phan ting chinh nay la cdc
phan Ung phu trg: isome hod parafin thanh isoparafin vh isome hod céc alkyl
xyclohexan. Bén canh d6, mét loat cac phan tng phu ciing xay ra déng thi, trong d6
quan trong nhat 13 tao cdc, hydrocracking parafin, naphten va tich metan.

b) Diac trung nhiét déng hoc cia qud trinh

Nhu ching ta da biét, ¢6 bén clia cdc hydrocacbon thom so véi cde hydrocacbon
khdc tang theo chiéu tang cha nhiét do, vi vay qud trinh thudng dugc ti€n hanh &
nhiét 46 16n hon 300°C. Tuy nhién sy canh tranh dong hoc giita cdc phan ttng mong
mudn va phan iing phu ddi hoi phai lya chon nhitng diéu kién phan @ng thich hop dé
chuyén hod x4y ra nhu mong muén:

* Phian mg dehydro hod naphten tao thanh hydrocacbon thom thu nhiét manh
(AH = 210 kJ/mol) nén xay ra thudn loi & di¢u kién nhiét do cao va 4p suét thip. Khi
$6 nguyén tir cacbon trong nguyén lidu ting, t6c do phin Gng dehydro hod gidm,
nhung van con cao hon rat nhiéu so véi t6c do ting dén cha cic phan ng khéc.

* Phan ing dehydro vong hod parafin con thu nhiét nhiéu hon so véi phan ting
dehydro hod (AH = 250 kJ/mol) nén s& xdy ra thuan lgi & nhiét d6 cdn cao hon va 4p
suat thdp hon nita. Tuy nhién, t6¢ d6 phan \ing cham hon nhiéu so véi dehydro ho,
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va do d6, dehydro vdng hod chi tr6 nén quan trong khi cdc di€u kién phan dng cuc ky
ngat ngheo (nhiét do rat cao va 4p sudt rat thap).

* Phan (ng isome hod n-parafin tac isoparafin va isome hoa alkyl xyclopentan
thanh alkyl xyclohexan tod nhiét nhe (AH = —10 + -20 kJ/mol), xdy ra rat nhanh
trong c4c diéu kién phan ting binh thudng. Vi viy, phan iing nay hdu nhu khong chiu
anh hudng cia nhiét do, dp sudt, nhung bi e ch& bdi cdc hydrocacbon thom tac
thanh tir phan fng dehydro vong hod. Can bang nhiét dong cta phan ing isome hod
dich chuyén lién tuc theo hai loai phan dng trude dé.

= Sir hinh thanh c6c¢, tao ra chl yéu tir qua trinh cracking sdu cdc hydrocacbon,
x4y ra thuan lgi & nhiét do cao va dp suat thap. Day 1a mot trong s6 cac phan tng phu
¢6 anh hudng 16n nhat, bdi vi né din dén su suy giam hoat tinh xic tdc. Tuy nhién
phan tng phu nay cé thé duge han ch& bing cach duy tri 4p sudt hydro, thic day
phan ing theo chiéu hudng hydrocracking.

» Hydrocracking la phan tmg toa nhiét (AH = —40 kJ/mol) hoan toan mang tinh
chat nhiét dong hoc trong cdc diéu kién phan itng binh thudng, nhung bi gisi han boi
téc d6 phan img cham. O nhiét do cao, qud trinh chuyén hod nay cé thé trd nén quan
trong hon isome hod va dehydro hod. Hon nita, mifc d6 phan ung tang khi nong do
hydrocacbon thom tang.

Vé& mat 1y thuyét, cdc diéu kién thuan loi cho qud trinh reforming 1a: dp svat
0.1 MPa va nhiét d6 khéng qud 350°C. Tuy nhién, trong trudong hgp nay, cac phan
ting cracking (tao céc) lai phdt trién qud manh, va do chon loc cha qué trinh giam
xuéng. Do dé6, cdc phan dng tao hydrocacbon thom phdi duge hoat hod mét cich
chon loc va todn bo qud trinh phai duge tién hanh duéi 4p suat hydro tuong déi cao.

2.3.1.2. Xiic tdc cua qud trinh reforming
® Ban chit xiic tac

Quad trinh reforming dugc xtc ti€én bdi xidc tdc ¢6 kha nang tao diéu kién thuan
lgi cho cdc phan Umg isome hod, déng vong, cling nhu dehydro hod. Diéu nay ¢
nghia 12 xic tdc duge sir dung cho reforming la cdc hé xdc tic da chic nang, vé Iy
thuyét bao gom:

» Chitc hydro hod/dehydro hod, nhd sy ¢6 mat cia kim loai trong thanh phan
xiic tdc. Kim loai nay phai hoat dong va bén & diéu kién nhiét d¢ phan tng (550°C)
va ham luong ca né phai duge kiém sodt dé ngan ngira hodc han ché t6i thiéu cdc
phan ing tich metan.

* Chifc axit, nhd thanh phén va cdu tric chat mang. Chat mang ndy c6 thé chia
hoac khong chiia hgp chét halogen, mot yéu 6 ¢6 kha nang thiic ddy phan tng isome
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hod va vong hod ¢ nhiing mitc d¢ khédc nhau. Do axit phai dugc kiém sodt dé duy tri
hydrocracking mitc trung binh.

® Thanh phin xidc tic

Hai loai xuc tdc dugc st dung phé bi€n trong cong nghiép, d6 1a: xic téc cé
chua oxyt hoac sunfit Cr, Mo, Ni va W; va xiic téc ¢ chira kim loai quy, thudng 1a Pt
hoac Pt két hop véi kim loat khdc. Céc oxyt va sunfit kim loai 13 nhiing loai xiic tac
dugce sir dung diu tién vi chidng khong bi anh hudng bdi ham lugng luu huynh ¢é lin
trong nguyén liéu. Tuy nhién, do d6 chon loc thip, ching da dugc thay thé bang cic
xtc tdc trén co sd kim loai quy.

Cac hé xic tac thong thudng co nhitng dic trung sau:

= Chat mang thudng la y-Al,04, ¢é chira hgp chit halogen (clorua, florua hoic
két hop cd hai). Dang chit mang thudng 13 vién try din ép dudng kinh 1,5 mm, bé
mat riéng 200 m?/g, hoac dang hinh cdu d6i véi xiic tic cho cong nghé tai sinh.

* Ham lugng kim loai quy (Pt) dac déng trong khoang 0,2 + 0,8% khai lugng.

Tuy nhién, gan day, cdc xic tic ludng vad da kim loai di xuét hién trén thi
trudng, va dd thé hién nhitng kha nang dang ghi nhan. Trudce tién, dé 1a viéc dua Re
vao thanh phan xdc tac di gitp kéo dai do bén hoat dong clia xic tdc theo théi gian
phin tng, nho kha nang chiu dung t6t véi hién tugng lang dong cdc 1én bé mat xic
tdc. Biéu nay gidp tao ra kha nang kéo dai thdi gian 1am viée cha xic tdc, hoac tién
hanh phan ng & diéu kién ngdt nghéo hon (dp suat thdp, ty 1¢ hydro thap, nhiét do
cao). Ti€p d6, viée skt dung cdc chat kich dong khdc cling cho két qua do chon loc
thye chat cao hon (ty 1¢ thom hod n-heptan va t6c d9 cracking). Su cai thién nay kéo
theo sur suy giam hoat tinh xiic tic, nhung duge b lai véi nhiét do cao, v6i do bén
trong duong va hiéu suat cao hon ding ké. Vai trd cla cac phu gia nay, di duoc sit
dung & dang két hop ludng hay da kim loai (Re, Ir, Ru, Ag, Au, Ge...) vin con chua
dugc higu ré nhung ching gilp ting cudng cdc tinh chat clia Pt bing céch giir kim
loai ¢ trang thdi thich hop cho phan tdn, va giip diéu chinh tinh chat axit cda chat
mang. Ching dudng nhu cé kha nang chdng lai sy thiéu két cdc tinh thé kim loai
bang cich tao ra cdc hgp kim hodc cdc cum da kim loai.

® Cic yéu to anh huéng dén hoat tinh xic tac

Trén thue t€, hoat tinh xidc tdc bi suy gidm bdi hai y&u t8: su hinh thanh céc
ling dong va ngd doc xdc tic.

Céc lam giam dién tich bé mat hoat dong cla xiic tdc, 1am cho dé chuyén hod
gidm sit. N6 duoe hinh thanh bat nguén tir cdc hop chat dang olefin va diolefin sinh
ra trong qua trinh phin Gng va ham lugng cdc hydrocacbon da vong va cdc phan tir
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mach dai cé trong thanh phan nguyén liéu. Tuy thudc diéu kién va loai thiét bi phan
tng, ham lugng c¢de ¢6 thé dao dong tir 1 + 14% KL xic tac. Coc c6 thé duge loai bd
bang qud trinh tai sinh d6t chdy cdc tir tir & nhiét d6 dudi 500°C. Ham lugng céc sau
tai sinh con t61 da la 0,2% KL.

Hién tugng ngd doc xic tac xay ra l1a do su c¢d mit cua cdc doc td trong thinh
phan nguyén liéu va cdc xic tic Pt diac biét nhay vdi cdc doc t6 nay. Ngo doc xic tdc
c6 thé x4y ra duéi hai dang: ngé déc vinh vién bdi cic kim loai nhu As, Pb, Cu, Hg
va ngd déc ¢é thé hoan nguyén gay ra bdi luu huynh, nito va cdc halogen.

Luu huynh va cdc hgp chdt cta luu huynh din dén su tao thanh H,S, hip phu
len Pt, 1am Gc ché chic nang hydro hod/dehydro hod clia xic tdc. Ham lugng luu
huynh cho phép trong thanh phan nguyén liéu tir 3 + 5 ppm, tuy loai xdc tc. Nito va
cdc dan xudt ciia né la ngudn gdce tao ra NH;, 1am e ché chiic nang axit cla xic tdc.
Nudc va cdc hgp chdt halogen déng vai trd bé sung. Ham lwgng am t6i wu trong khi
tudn hoan phai nam trong khoang 5 + 60 ppm, tuy thudc loai xic tic. Déi véi cic
kim loai ¢6 kha nang giy ngd doc vinh vién, ham lugng cho phép cua chiing trong
dong vao thiét bi phan tmg l1a: As < 0,001 ppm, Pb, Cu, Hg < 0,05 ppm.

Cidc doc t6 ¢6 thé dugc loat bdé nhd qué trinh xir 1y nguyén liu. Diéu nay lam
cho qud trinh tinh ch€ nguyén liéu trd nén cuc ky quan trong. Cic qud trinh xir Iy
nguyén liéu chii yéu duogc thiét k& dé loai bd cdc hop chat luu huynh, thuong 1a bang
qua trinh hydrodesunfua hod nguyén liéu, sau dé duge én dinh dé tich hét H,S tao
thanh. Tuy nhién, ¢ua trinh ndy ciling rat vu viét vi né cho phép tich khong chi luu
huynh ma dong thdi nhiéu loai tap chat khéc.

2.3.1.3. Cong nghé reforming xiic tdc
® Cac loai hinh céng nghé

Cé hai loai hinh céng nghé reforming xtc tic van ton tai tir nam 1971 dén nay,
dé6 la: Cong nghé ban tdi sinh, xir 1y xiic tic tai chd trong qud trinh dimg hé théng
theo dinh k¥ 6 thing dén 1 nam mot 1dn; va Cong nghé téi sinh theo chu k¥, sir dung
mot thiét bt phan ing phu trg, dé thay thé€ cdc thi€t bi phan ting khac 14n lugt trong
qud trinh tai sinh xdc tdc, ddm bdo qud trinh sén xuit khong bi ngat quing.

Tuy nhién, cling vdi su phét trién cha cdc hé xic tdc da kim loai, thé hé cong
nghé mdi c¢é tén goi 1a tdi sinh lién tuc dd xuwat hién. Ching van hanh theo quy trinh
lién tuc théo xic tac ra, t4i sinh va tuin hoan trd lai thiét b phan ung. Céng nghé nay
duoc dp dung véi muc dich dé san xuat xang va dac biét 1 sdn xuit cdc hydrocacbon
thom, xuét phat tir kha ning cé thé tru viing cla xic tdc vdi cac diéu kién phan ing
khic nghiét, cho phép vong hod sau cdc parafin, tdch loai nhitng hop chat khéng bi
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anh huong boi qué trinh hydrocracking, va hydrodealkyl hoa cdc hgp chit phan tir
lrgng lon.

® Diéu kién van hanh

Két cau chung cta h¢ thong reforming xic tdc gém 3 hodc 4 thiét bi phan tng
dugc dat ndi 1i€p nhau, tuy theo yéu cdu, bo phan dun néng nguyén liéu vi hé théng
gia nhiét trung gian cho cdc dong ra khoi cdc thiét bi. Bang 2.2 dua ra cdc diéu kién
cong nghé trung binh cho qua trinh reforming xic tac.

Bdng 2.2. Diéu kién vin hanh reforming xiic tdc

atcong ngh¢| Khodng | Cong nghé | Cong nghé | Cong nghé | Codng nghé
thay déi Ban tdi Tai sinh | Téi sinh san xuat
Théng so chung sinh theo lién tuc hydrocacbon
chu ky thom
Ap suit (MPa) 07+4 | 1,5+25 | 0,7+15 1 0,7+1,5
Nhiét do dong 480 ~
vao va ra cua ' 310+ 540 | 510+ 540 | 510+ 540 | 520+ 550
s o 550
qud trinh (°C).
Ty 1& mol
Hzlhydrocaf:bon 310 5.6 445 3.4 5
trong nguyén
liew J— . |
Téc do thé tich _ . _ _
LHSV (h") 1+4 2+35 35+4 1,5+ 4 ~2
® Xiic tac

Cdc loai xdc tdc oxyt va sunfit truée day timg duge sir dung trong thiét bi xic
tic tang soi da bj loai bd. Thay vio dé, loai xiic tic duge sit dung phé bién hién nay
[a xtic tic ludng chitc. Xic tic nay duge chia thanh ba loai chinh, tuy thudc ban chit,
thanh phan xuc tic:

* H¢ xic téc thong thudng, c¢6 ham lugng Pt cao (0,6%), vi du: R12 (sir dung
trong cong nghé cta UOP), RD 150 (c6ng nghé Engelhard), RG 401, 402, 404 (cong
ngh¢ IFP)..., hoac ham lugng Pt thap (0,2 =+ 0,4%), vi du R11 (cong nghé UOP), 3L
(cong ngh¢ Houdry), RG 412, 414 (céng nghé IFP)...

* H¢ xtc tdc ludng kim loai: Pt/Re, Pt/Ge, vi du R16, R20, R22, R50 (sit dung
trong cong nghé cia UOP), E500 (cong nghé Engelhard), HR51 (cong nghé
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Houdry), xic tac Esso, RG 422, RG 424 (0,6% Pt), RG 432, RG 434 (0,35% Pt}
{cong nghé IFP)... .

s Hé xic tdc da kim loai:Pt/Ir, Pt/Pb, vi du R30, R60 cia UOP, E600 cla
Engelhard, KX 130 cta Esso, RG 451 (0,35% Pt) va RG 461 (0,6% Pt) clia IFP...

® Thiét bi

Qua nhiéu nim, thiét k€ ciia cdc thiét bi phan ing di duogc thay ddi dé phu hop
vdi su phat trién cla cdc loai xic tac, hay néi céch khdc, 1a mic do ngat ngheo cia
diéu kién phidn ing, dac biét 1a & diéu kién dp sudt rat thap.

Trude tién, dé 1a cdc nd luc lam gidm chiéu day 16p dém xic tdc, bang cach
thay déi dong khi Ian lugt hudng truc hoac xuyén tam. Vi dong huéng truc, thigt bi
phéan tng cé dang hinh tru hodc t8t hon ca 1a hinh cu, cho phép giam khéi lugng
thiét bi. V4&i dong xuyén tdm, cic vong xtc tdc cd dang hinh tru véi bé phan phan
phai kiéu vo sd cho viing nguyén liéu ngoai vi va mot bo phan thu nhan sin phim &
trung tam. Ti€p dén, cdc nha thiét k& tip trung theo hudng cai thién thi€t bi dun néng
dang hop hai 16p do gia nhiét véi s6 lugng 16n khuon ranh, va thiét bi trao ddi nhiét
kiéu nguoc dong, 6ng théi gidn nd nhiét dat thing ding dé thuan lgi che qua trinh
bao dudng, sira chira.

® (Cac dang cong nghé reforming

Cic qud trinh céng nghe reforming duge sit dung trong thuc t€ hién nay c6 thé
chia thanh hai loai-

» Coéng nghé reforming don thuin: vi du Ultraforming (cha Standard Oil),
Houdriforming (ciia Houdry), Powerforming {cia Esso), Platforming (cua UOP),
Magnaforming (ctia Engelhard, ARCO), Rheniforming (cha Chevron), Catalytic
reforming (cua IFP, Kelog)...

* Coéng nghé reforming két hgp vdi cdc qua trinh khic, hodc duge thiét ké véi
muc dich dic biét: Iso-plus Houdriforming (cia Houdry), Aromizing (cua IFP),
Aromatic reforming (ctia Chevron)...

Vé co ban, so d6 dong clia cong nghé bén tdi sinh hoac tdi sinh theo chu ky 1a
giong nhau, gdm c6 3 dén 4 thiét bi phan ing va 1o d6t 1am viéc thay thé nhau.
Nguyén liéu dugc dun néng nhd trao déi nhiét véi ddng sén phdm ra. Dong san phim
ti€p tuc duge lam ngudi, tich nhanh phin nhe cho phép thu héi va tuan hoan mot
phan khi hydro sau nén, va cugi ciing dugc én dinh nhd tach cdc cdu tir nhe (C2, C3)
¢é chifa trong thanh phan. Mgt thigt bi phan tng phu trg duge cung cip cho hé théng
ta1 sinh theo chu ky.
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V61 cong nghé tdl sinh lién tuc, k&t cdu hé thong cong nghé hoadn toan khic.
Trong cong nghé cha UOP, phdn phan ing gém 4 15 phan tng xuyén tam dat lién
ti€p. 3 thiét bi ddu dugc gin thanh cum, trong khi thiét bi thi 4 chita mét nilta tdng
lugng xuc tdc duge dat riéng. Xic tdc duge dua vao & dinh thiét bi 1 va 4, chay theo
trong luc, duge 1ay ra & ddy thiét bi 3 va 4, thdi khi tdch cdc hydrocacbon va dua dén
thiét bj tdi sinh bing 2 ddng khi nang. Phén tdi sinh gom cé mot phéu tach rdi, thap
tai sinh, va phéu dang tran theo dong chdy trong lyc. Xuc téc dugce dua trd lai phan
phan ung nho hai dong khi nang khdc. Mét hé théng diéu khién dién tir hoat dong
lién tuc duge sir dung dé kiém sodt chinh xdc tién d6 cla cdc giai doan trong toan bod
qua trinh van hanh.

V&i cong nghé tdi sinh lién tuc caa IFP, nguyén tic lam viéc cta hé théng gin
gidng véi cong nghé thong thudng hon so véi cong nghé cia UOP. Hé théng gém 4
10 phin tng riéng biét va ¢é dudng trung chuyén nguyén liéu qua 16 dét. Xic tic
chay theo trong luc vao titng thi€t bi phan ting, va duge dura tir thiét bi nay sang thiét
bi k€ ti€p nho khi nang (chinh 1a khi xa ra tir may nén hydro tuan hoan). O diy cia
thiét bi phdn tng cudi cling, xic tdc duge ldy ra vi dua sang bo phan tai sinh nho
moét dong khi nang khic. Hé théng tdi sinh gdm ¢6 2 thiing chita dit phia trén va
dudi thiét bi ti sinh va mot hé théng van thich hop. Xic tic di dugce tdl sinh dugc
dua trd lai thiét bi phan ting thir nhat bang khi nang. Toan bd cdc giai doan cla qud
trinh van hanh dugc 1ap trinh va diéu khién hoan toan tu dong. Trong trudng hop san
xuét hydrocacbon thom, sau qué trioh reforming, san phdm dugc ti€p tuc chuyén
sang thdp chung cat phan doan (dic biét 12 thiét bi khir pentan) dé thu nhan phan
doan chita nhiing san pham hydrocacbon mong muén.

® So do cong nghé chung cia qua trinh reforming xiic tac

Hinh 2.1 mo ta so 46 khéi hé théng reforming xuc tdc naphtha san xuat
hydrocacbon thom (ch yéu BTX).

Naphtha, phan doan dau thé ¢é nhiét d6 soi trong khodng 70-190°C duoc trén
v6i hydro, gia nhiét va dwa vao thiét bi phan ting ¢6 chita xdc téc v6i thanh phin 0,2-
0,5% Pt/A1,05. Céc diéu kién van hanh ¢6 thé thay déi tuy theo cong nghé, nhung
thuong dao dong trong Khodng 425-530°C va 0,7-3.5 bar, v6i lugng 16n hydro tudn
hoan. Vi xiic tdc rat nhay véi cac hop chat liu huynh nén nguyén liéun can duge xir Iy
trude khi dwa vao reforming. Sin phdm ra khéi thiét bi phan ting duge dua vio thiét
bi phin tidch hydro. Phan khi hydro duge lam sach khoi cdc hop chat luu huynh va
udn hoan trd lai thigt bi phan dng. Céc khi hydrocacbon nhe duoc tich ra khéi pha
Iong trong thép chung phan doan trudc khi san pham 1ong reformat duogc tiép tuc
chuyén dén thdp chiét tdch phan doan giau hydrocacbon thom.
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Hinh 2.1. So dé khoi cong nghé reforming xiic tdc naphtha
sdn xudt hydrocacbon thom

Dé chiét phdn hydrocacbon thom ra khoi phan doan gidu hydrocacbon thom
nay, c6 rit nhiéu cong nghé¢ duge st dung. Véi cong nghe ciia Udex (do UOP va
Dow Chemical thiét k¢), dung dich dietylen glycol duge didn vao dinh thdp chiét
nguge dong da cép va phan doan gidu hydrocacbon thom duge dwa vao thép iir
khoang gilta clia tiaap. Dung moi giau hydrocacbon thom duge 14y ra & ddy thdp v
déan vao thdp chung c4t phan tich benzen, toluen va xylen & dinh, cdn dung méi duoc
tudn hoan trd lai thdp chiét. Sau khi rira, hdn hop BTX duoc xit 1y v6i khodng sét dé
tich loai cdc hydrocacbon khong no trude khi chung phan doan tich riéng benzen,
toluen va xylen.

Sau nay, kha ning thu héi cdc hydrocacbon thom da dugc cat thién dang ké
nhd vige thay thé dung méi dietylen glycol bing tetraetylen glycol. Cic dung moi
khic ciing duge sir dung cho qué trinh chiét hydrocacbon thom I tetrametylen
sunfon (sunfolan) (cong nghé Shell), dung dich 1-metyl 2-pyrolidon (Lurgi), dimetyl
sunfoxyt (IFP), metyl formamit (Leunawerke) va N-formyl morpholin (Snamprogetti
va Krupp-Koppers).

2.3.2. Xang nhiét phan
2.3.2.1. Thanh phdn cita xdng nhiét phdn

Xang nhiét phan ¢6 thanh phén tir Cs trd 1én 12 san phdm ctia qué trinh cracking
hai cdc phan doan dau thé 1ong. Thanh phdn cla xing nhiét phan c¢6 chita ham luong
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16n cac hydrocacbon thom, dic biét 1a benzen (bang 2.3). Chinh vi vay, day ciing
chinh l4 nguén déng gép san phim cé gid tri cao cho ca cong nghé¢ sdn xuit xing
cling nhu cong nghé téng hop hod ddu. Ham lugng hydrocacbon thom trong san
phdm 16ng cla qud trinh cracking hoi phu thuoc chi y€u vao nguyén liéu va diéu
kién ti€n hanh. Nhin chung, véi ciing mét loai nguyén liéu, hiéu suat etylen cang
cao, hay néi cdch khdc, diéu kién thuc hién phan tng cang khic nghiét, thi lugng
xang nhiét phan tao thanh cang ft, v néng do6 benzen cang cao. Ham lugng cic
hydrocacbon thom C6 va C8 ciing c¢6 xu hudng ting, trong khi ham lrgng toluen gén
nhu khong thay déi.

Bdng 2.3. Thanh phan dién hinh ciia cdc phdan doan xdng nhiét phdn C5+
va phdn doan hydrocacbon thom thu digc tit qua trinh cracking hoi naphtha

Cau tr Thanh phan (%)
Xang C5+ Pha“2gg‘§’éc‘5' Phan doan C6 - C8

Parafin va naphten 11,8 7.8 9,7
Olefin 5.5 2.4 3,0
Diolefin 18,1 8,7 5,9
Hydrocacbon thom

Benzen 28,0 35,2 43,7

Toluen 13,9 17,4 21,7

C8 7.2 9,0 11,3

Alkenylbenzen 3,0 38 4,7

(styren)

Co+ 12,5 15,7 -
Tong ham lugn '
hydfocacbon.thgﬂm 64,6 81,1 81,4
Tong cong 100,0 100,0 100,0
Ham luong luu huynh 290 180 150
(ppm)

Nhu chiing ta c6 thé quan sat thay, thanh phdn cia xang nhiét phan chita mot
lugng khong nhd cac diolefin va cdc alken thom, nhitng hop chat 1am cho kha nang
sit dung truc ti€p lim xang cla phan doan 16ng nay la khéng thich hop. Cac ciu tr
khong bén nhiét nay tao ra hién tuong keo dinh trong cic dong co va vi vay céan phai
dugc loai bo. Trong cong nghé téng hop hod dau, cic dien ciing can trd qua trinh van
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hanh cda cdc hé thong san xuat va kha nang lam viéc cha xic téc. Ngoai ra, olefin va
cdc hop chat chita luu huynh ciing gay trd ngai cho qud trinh chiét dung moi.

Dé dim bao nhiing yéu cdu tiéu chudn k§ thuat clia benzen, giai doan tinh ché
xang nhi¢t phan giadu hydrocacbon thom 1a khong thé thi€u. K§ thuat 1y tudng dé
thuc hién cong viéc nay la xir Iy bang hydro. Qu4 trinh ddi hoi phai ¢é d6 chon loc
cao, va chuyén hod hydrocacbon thom & mifc it nhat c6 thé.

2.3.2.2. X ly xdng nhiét phdan bdng hydro

Néu tinh dén kha nang cuc k¥ kém bén nhiét cha cic hop chét dien thi ching
khong thé bi loai bd ciing mét ldc véi olefin va cdc hop chat chia luu huynh. Vi vay
trong truong hgp nay can thuc hién xir 1y 14n lugt qua hai giai doan:

" Hydro hod chon loc cdc diolefin, con goi 1a hydrodedien hod hay hydro hod
bac 1.

" X Iy hydro & diéu kién tuong d6i khac nghiét d€ chuyén hod gén nhu toan bo
cac hop chat lwu huynh, nhung di chon loc dé trinh ding k€ hydro hod cidc
hydrocacbon thom. Day 14 qua trinh hydrodesunfua ho4, hay con goi 13 hydro hod
bac 2.

Trong trudng hop xang nhiét phan duge sit dung cho san xudt xang thi chi cén
xtr 1y hydro hod bac 1.

a) Hydrodedien hod hay hydro hod bac |

Qua trinh hydro hod nay can tranh sy tao thanh gém (moét dang chat keo dinh)
do qud trinh polyme hod cdc diolefin va hydro hod olefin x4y ra déng thdi trong qué
trinh xir Iy hydro. Trén thuc t&, cé hai loai hinh céng nghé xit Iy hydro nhu sau:

® Cic qua trinh sir dung xic tic niken

Xidc tdc dugce phan b trong 1 hodc 2 16p dém, cé chita niken hodc sunfit niken
mang trén oxyt nhom. Phan tng dién ra ¢ nhi¢t do khoang 120 + 160°C, 4p suit
khoang 2 + 6 MPa. Ap suat thuc t& phu thude vio do tinh khiét ciia hydro, vdi dp suit
riéng phan cla hydro la 1 + 2 MPa, twong dng véi ty 1& mol H,/C4+ 13 0,05 = 0,6 &
dong ra ciia thiét bi phdn tng. Téc do thé tich (LHSV) thudng tir 1 + 3 b,

Cong nghé¢ nay da dugc BP va IFP sir dung trong thuc (& san xuit. Cic hing
Gulf va Houdry, Kellogg, Shell... cling hoat dong trén co s& thiét ké nhimg cong
nghé tuong tu.

Nhin chung, nguyén tic lam viéc cha hé théng nhu sau: nguyén liéu va hydro
dugc gia nhi¢t nhd qud trinh trao d6i nhiét v6i dong sin phidm ra khdi thiét bj phén
Ung, r6i dugc dan vao thiét bi phan tng, sau dé tich nhanh san phim dudi 4p suét dé

70



phan tich hydro v cdc cau tit nhe nho qua trinh bay hoi, mot phdn dong hydro va
cdc cdu 1 nhe ndy dugc dua tro lai mdy nén va tudn hoin vé thiét bi phan img. Phan
long duoc dura vao 2 thap chung cat d€ 8n dinh va tdch cdc ciu tir nang.

® Cic qua trinh sir dung xiic tiac paladi

Xic tdc nay cé chia khodng 0,3% Pd va rit nhiéu cdc phu gia khéc, cé dién
tich bé mat riéng nho va do hoat dong cao. Qud trinh thudng dugc tién hanh & nhiét
do 80 + 160°C, dp suat 2 + 3 MPa, va v6i LHSV tir 3 + 8 h''. Su hinh thanh polyme la
rét it

Cdc nha cung cap ban quyén cho cong nghé nay va xic tic Pd ddu tién d6 I
Amoco, BASF, Bayer-Lurgi, Engelhard, IFP. Lummus, Mitsubishi, UOP... So dé
cong ngh¢ cha hé thong nay vé€ co ban tuong ty v6i cong nghé hydro hoi chon loc
trén xuc tdc niken.

b) Hydrodesunfua hod hay hydro hod bac 2

Qué trinh nay khédc véi hydrodesunfua hod thong thuding dé tich bod lugng nhd
cdc hop chit luu huynh ban diu c6 trong thanh phdn nguyén liéu va yéu ciu luong
tap chét rdt thdp trong thanh phdn san phdm, ca lua huynh (1 ppm phan doan 60 +
150°C) va olefin (50 ppm). Hon nita, céc cdu tif cdn tdch loai [a thiophen ¢6 kha niing
phan Wng thap, doi hdi cic diéu kién van hanh qud trinh tuong déi khic nghiet {nhiét
do cao va dp suat hydro cao). Tuy nhién, su tén tai trong nguyén liéu du lugng mot
s6 loai diolefin khong bi loai bo trong qué trinh khir dien, vA dac biét 1a céc olefin,
€0 xu hudng lam cho méi truding phan ving trd nén cue ky hoat déng.

Céc xic tac thudng st dung cho qud trinh 12 sunfit coban, niken, molypden,
vonfram dang ket hop va mang trén oxyt nhom. Cong thic phd bién nhat Ia hdn hop
cha sunfit molypden va coban mang trén oxyt nhom. Qué trinh thuong dugc tién
hanh ¢ nhiét d6 trung binh 280 + 350°C, 4p sudt riéng phin hydro 1,5 MPa. Céc nha
ban quyén clia cong nghé nay ciing chinh 12 cdc nha cung cdp cong nghe khir dien.

Nguyén tic van hanh cha he théng bao gém céc bude: gia nhiét nguyén liéu va
hydro nh& trao déi nhiét v6i dong san phdm ra khoi thi€t bi phan ng, tiép tuc nang
nhi¢t d6 nh¥ gia nhi¢t trong 16 d6t, sau dé dua vao thiét bi phan ting ¢6 chita cic 16p
xdc tdc ¢6 dinh, gilta cdc I6p nay 13 cdc dong lwu chdt 1am lanh (chinh 1 sin phdm
dd lam ngudi tudn hoan trd lai), chuyén sén phim sang béc hoi nhanh dudi 4p suit dé
tdch cdc san phdm nhe, mot phin duge tudn hoan nh& mdy nén. én dinh phan san
phim 16ng trong thdp chung cit.

Hydrodesunfua hod va dedien hoé c¢6 thé dugce 1ap dat canh nhau, véi diéu kién
¢6 thdp chung phan doan trung gian (phan doan C5 — 200°C) hoac két hop trong
cung mét khoi (phan doan C6 + C8).
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2.3.3. Céc hoa than da

Dau nhe, duge hinh thanh nhu 12 sin phdm phu clia qud trinh cacbon ho4 than
(coc hod) & nhiét do cao, ¢6 chita khodng 60% benzen, 12 + 20% toluen. Trong diéu
kién c6c hod & 1000°C, khong c6 khong khi, s& xay ra cdc qud trinh chuyén hod sau
(phén huy nhié¢t va thom hod) phén hitu co cia than tao thanh céc, cic sin phdm long
va khi. Do than dd ngheo hydro hon so v6i ddu mé nén hiéu sudt san phidm cdc tao
thanh (70 + 80%) 16n hon nhiéu so véi san phdm long (4 + 5%). Tuy nhién, vi qué
trinh céc hod dién ra & nhiét do cao nén sdn phdm long duge thom hod hoan toan
(95 + 97%}), vi vay luong hydrocacbon thom, dic biét 1a benzen ¢6 trong san phim
c6c hod la dang ké. Céc san phidm hydrocacbon thom hinh thanh tir qué trinh phan
huy nhiét va thom hod phdn hydrocacbon cdia than 12 benzen, toluen, xylen,
naphtalen, antraxen, phenantren...

Trong than d4, ngoai hydrocacbon con c¢é cdc hop chat cha luu huynh, nito,
oxy... Khi c¢dc hod, céc hgp chdt nay s€ chuyén thanh hoi nuée, CO, NH,, phenol,
thiophen, pyridin...

Cédc hydrocacbon thom c6é thé dugc tich ra nh& quéd trinh hap thu nguge dong
bang phan doan ddu moé cé nhiét do soi cao, khoang 300-400°C. Hén hop dugc
chung tach trong thdp chung cat 16i cuén hoi nude lién tuc. Céc hydrocacbon nhe
duge tich ra nh¥ qud trinh chung cat va sin phim thod dugc rira bing dung dich axit
sunfuric dac d€ loai bd hoan toan cac hop chat luu huynh. cdc hydrocacbon dugc
ti€p tuc chuyén vé bé chda, trung hod hét phin axit du vi rira lai biang nuéc. Qui
trinh hydro hod loai bd cdc hop chit luu huynh, nito va cdc hop chit khong no con
lai. Benzen dugc tich ra tr phan doan hydrocacbon thom nhd qu4 trinh chung trich ly
vt dung méi la sunfolan.

Cong nghe san xudt hydrocacbon thom tir sén pham 1éng clia qué trink cé¢ hod
than trén thuc t& chi phd bi€n khi ddu mé chua duge biét dén va khai thic. Ngay nay
cong ngh¢ nay chi con duogce st dung trong mot s6 nha may & Nam Phi va Niudilan.

Hinh 2.2 m¢ ta so d6 khoi hoat dong ciia mét he théng ngung tu khi ¢6c hod
than thu hydrocacbon thom.

2.3.4. Chuyén hoa c4c hydrocacbon

Trong khi cdc olefin c¢6 thé san xuat cong nghiép bang phuong phap téng hop
cdc phin tr mach ngin hodc tir cdc phan tr mang nhém chiic, thi tirmg hydrocachon
thom riéng bi¢t van chwa duge san xudt trén quy mé cong nghiép theo hai phuong
phitc nay. Chdng chi cé thé dugc san xuét dudi dang hén hop nhd phan dng dehydro
vong hod nhu mot phan qué trinh reforming xidc tdc naphtha, va dutmng nhu it hon,
theo con dudng thom hod cdc alkan mach ngén.
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Hinh 2.2. Ngirng tu va thu sdn phdm khi céc hod than da:

1- 16 cd¢ hod; 2- 6ng thu khi: 3, 12- thiét bi lam lanh; 4- thiét bi loc dién; 5- hé
thdng thdi khi; 6- thigt bi tach nhua; 7- thu NH, va piridin; 8- thap rira; 9- thap
hap thy; 10- thiét bi trac ddi nhiét; 11- thap nha hap thu; 13- 1am lanh ngung tu:
14- thiét bi gia nhiét

BP, KTI, Mobil va UOP hi¢n dang ¢ géng san xuit cdc hydrocacbon thom
bang qud trinh chuyén hod etan hoac propan. Voi etan, qud trinh duoc ti€n hanh
trong diéu kién 620 + 630°C, c¢é mit xiic tic Ga/zeolit hodc Ga/Si0,-AlL,0,, véi do
chuyén hod 30 + 50%, d6 chon loc mol BTX vio khodng 20 + 60%. V&i nguyen li¢u
propan, phén tng xay ra & 500 = 525°C, ¢é mat xfic tic Ga hodc Al mang trén zeolit
hodc silicat, duge xic ti€n béi Zn, dat do chuyén hod 60 + 85% va d¢ chon loc mol
BTX tir 25 + 60%.

BP/UOP dang phat trién qua trinh Cyclar st dung nguyén 1y van hanh reforming
tai sinh lién tuc cia UOP va ¢6 kha niing téng hop cic hydrocacbon thom tit nguyén
liéu dau la propan, butan hodc pentan véi hiéu sudt 65%.

KTI dua ra loai hinh cong nghé 2 bac sir dung nhiét va xic téc, cé tén goi la
Pyroform. Mobil ciing dang nghién ctu hiang loat céc cong nghé da duge cong
nghiép hod & Niudilan d¢ sin xuét xang tir metanol trén xidc tic ZSM-5. Xdc tdc nay
¢ thé duge bién tinh nho tdim 0,5% Ga dé thic day phén tng theo chiéu huéng tao
cic hydrocacbon thom. IFP ciing dang phat trién nhimg cong nghé tuvong tu.

Mot 56 qud trinh chuyén hod hydrocacbon thom di dugc phit trién v6i quy mé
cong nghi¢p d€ chuyén hod nhimg dang it ¢6 gid tri st dung sang dang ¢6 nhu ciu cao,
d6 fa cdc qud trinh: hydrodealkyl hod, isome hod, phan b lai hay chuyén nhém alkyl.
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2.34.1. Hydrodealkyl hod

Hydrodealkyl hod la phan Ung cracking hydrocacbon thom ¢é mach nhénh
trong dong hydro. Gidng nhu hydrocracking, phan Gng nay tiéu thy hydro va thuan
loi & diéu kién ap suat rieng phdn hydro cao. Qud trinh ndy dugc thiét k& dé
hydrodealkyl hod cdc metylbenzen, etylbenzen va cic atkyl benzen C9+ thanh
benzen. NG xuit phat tit nhu cdu benzen trong cong nghé téng hop hod ddu 16n hon
nhiéu so vdi cdc hgp chdt ndy clng nhu vdi toluen va cdc xylen. Sau khi phan tich
benzen khdi san phim reforming, cic hydrocacbon thom cao hon sé& duge chuyén
dén phan xudng hydrodealkyl hod. Thiét bi phan Ung c¢é dang trong tu
hvdrocracking. Taj day, phdn nhdnh alky! s& dugc bé gdy va dong thoi dugc hydro
hod. Dealkyl hod cdc hgp chat dang vong benzen th€ nhi¢u s€ lam tang lugng hydro
tiéu thu va déng thoi tao ra nhicu san pham khi hon. Duéi day Ia mot s6 vi du:

CH,

©+H2—r ©+CH4

CH,

O - n - O -

Trong qud trinh hydrodealkyl hod, phan @ng co bin 12 tich cic nhém alkyl gan
v&i nhan benzen ra dudi dang alkan. Néu qud trinh van hanh ding, va chuyén hod
duoc hodn toan nhd tuan hoan phan hydrocacbon thom chua phan tng, cdc san pham
thu dugc 13 benzen va rat nhiéu cdc hydrocacbon nhe, chid y€u 1a metan. Bit ky loai
hop chit ndo khong phai hydrocacbon thom c¢é trong nguyén liéu, vi du trong phéan
X 1y truc ti€p phan doan xdng C5+ khong qua giai doan chiét dung moi, s¢ bi phan
huy thanh cdc parafin nhe (metan). Diéu nay nhim muc dich thu san pham benzen ¢
do tinh khiét cao, nhung ciing kéo theo luong hydro tieu thu rat 16n. Cic hop chit luu
huynh chuyén hod mot phdn thanh H,S.

Cic phan mg phu quan trong, d6 la: hinh thanh hydrocacbon thom phan ti
tuong 16n (diphenyl), hydro hod vong benzen va phan huy ching tao thinh metan,
phin huy cidc parafin va naphten thanh metan, hinh thanh cacbon.

Nhin chung, cdc phan dng lién quan dén qud trinh nay déu tod nhiét manh (vi
du hydrocracking AH = —190 + -230 kJ/mol}), ngoai trlr phin tmg tao ra hydrocacbon
thom khéi luong phén tir i6n thu nhiét nhe, vi phin Gng phin huy metan thanh C va
H. Cic phan vmg nay xdy ra & nhiét do cao 650°C va tuy tung trudng hop, cé thé
thuin loi khi tang ap suat (phin tng hydro hod) hodc khong (phan vng phan huy, tao
c6c). Ap sut t6i uu cho qud trinh 12 5 + 6 MPa,
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Cdc qud trinh hydrodealkyl hod c¢6 thé chia thanh hai loai: hydrodealkyl ho4
nhi¢t va hydrodealkyl hod xic tdac. Ngoai trir sur khac biét vé diéu kién phan ting. ca
hai loai qud trinh nay déu van hanh theo cing mot so dé nguyén 1y chung. Tuy thudc
nguyén liéu, hé théng cé thé chi bao gém mot so dé don gian hoac ¢6 thém mot bod
phin xur 1y phan doan xang nhiét phan C5+ vdi muc dich loai bd cdc diolefin, cdc
hop chat luu huynh bén ving, cdc hop chdt nito va oxy... bing qud trinh hydro hod
chon loc.

So dé nguyén ly chung cta qud trinh hydrodealkyl hod hydrocacbon thom dugc
thé hién trén hinh 2.3.

Shell, UOP, Houdry va BASF la cidc hiang da thiét k& cong nghé hydrodealkyl
hod xic tdc hién dang duge sit dung phé bién trén the gidi. Phin 16n cdc cong nghé
niy déu sit dung xtc tdc trén co s oxyt crom (10 + 15% KL) mang trén oxyt nhom.
Cic diéu kién ti€n hanh phan dng trung binh nhu sau: nhiét d6 vio 10 phan ing
620°C, nhiét do toi da 700 + 720°C, ip suat 4,5 MPa, ty 1& mol H,/hydrocacbon &
dong vao thiét bi phan tng 12 6, LHSV = 1 k', Hig¢u suat tinh theo toluen nguyén
liéu 12 97% mol, va do chuyén hod 12 70% mol. Tudt tho clia xic tic t4i thiéu 2 nam.
Theo thoi gian 1am viée, cacbon lang dong trén xuc tdc, doi hoi phai tang nhiét do
lién tuc tir 620°C & dau dan nguyén lidu tdi 650°C & diu vao thiét bi phdn tng. Hang
ndm, xic tic can duge tdi sinh biang qud trinh dét cSc ¢6 kiém sodt chat trong dong
khi giaun oxy.

TB tach hydro Thap churg cat

Hz m&i T8 Phan (ng Hz tudn hodn Thap on dinh

Cics3nphimnhe
Benzen

Toluen

Gia nhiét

Toluen tudn hoin v3 C3 RH them

Hinh 2.3. So do khéi qud trinh hydrodealkyl hod
hydrocacbon thom san xudt benzen
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Véi cde qua trinh hydrodealky! hod nhiét, cdc cong ty chinh da phdt trién vi
thuong mai hod cong nghé nay 1a Atlantic Richfield va Hydrocarbon Research Inc,
Mitsubishi va Chioda, Gulf Oil... V& co ban, diéu kién van hanh cong nghé niy nhu
sau: nhiét do dong vao thi€t bi phan itng 620°C, nhiét do 16i da 730 + 750°C, dp su4t
4,3 MPa, thoi gian luu trung binh 25 + 30 giay, ty 1¢ mo! H,/hydrocacbon trong dong
vao thi€t bi phan dng 13 4, d¢ chuyén hod 75%, do tinh Khiét 16i thiéu cha dong
hydro la 50 + 60% TT. Sin pham benzen ¢6 d¢ tinh khiét rat cao, v higu suét qud
trinh dat 97 + 99% mol tuy thuéc chu trinh tudn hoan phan san pham nang (diphenyl,
dibenzyl...}).

2.3.4.2. Isome hod

Vi p-xylen 1a dong phan cé gid tri nhat dé san xuit s¢i téng hop nén bén canh
vi¢c thu nhin né tir qué trinh phan tich hén hop déng phan xylen bing két tinh phan
doan hoac hap phu, hi¢u suit p-xylen con duge ting cudng nhd qud trinh isome hod
o0-, m- xylen va ca etylbenzen.

Isome hod tao ra sy chuyén hod lién tuc vd din dén can bing gita 4 loai
hydrocacbon thom C8 theo sa dé sau:

Etylbenzen === o-xylen == m-xylen == p-xylen

Qud trinh isome hod c¢6 thé tién hanh trong pha 1éng hoac pha hoi v6i su ¢6 mat
ctia xiic tdc. Cdc hé¢ xic tdc ban ddu dugce dé xuét ¢6 dang Friedel Crafts (AICI3) va
~sau nay la cdc phirc HF-BF;. Nhitng cong nghé mdi sau nay da thay thé cdc loai xiic
tic nady bang xic tdc axit di thé duge sir dung trong reforming va chi y&u 1a loai
ludng chitc ¢6 chuia kim loai quy, véi dicu kién toan bo hé théng duge van hanh
trong dong khi hydro. Gan day, cdc nghién cttu mdi di duge thit nghiém trén loai xic
téc zeolit loai X va Y dugc trao déi ion véi cdc nguyén t6 hiém (REX) va bién tinh.
Tuy thuéc loai xic tdc sir dung va moéi trudng tién hanh phan tng isome hod (¢6 hay
khong ¢6 hydro), mot loat cdc phan tmg phu c¢6 xu huéng xdy ra, d6 1a: hydro hod
hydrocacbon thom, dehydro hod naphten, phan bé lai hydrocacbon thom, dealkyl hod
hydrocacbon thom va hydrocracking cic hgp chit no.

a) Cong nghé isome hod pha hoi

Cic cong nghé isome hod pha hoi khdc nhau ¢ nhiéu dic diém ky thuat, dic
biét Ia dicu kién van hanh, tdn sudt va phuong phép tdi sinh xic tdc. Tuy nhién, tuy
thuoc loai xdc tdc sir dung va moi truong phan ng (cé hay khong ¢6 hydro), cong
nghé pha hoi dugc chia thanh ba loai chinh:

® Cong nghé su dung xiic tdc Si0,-Al,0; hodc Al,O4 ¢6 chat xic tién:
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Qua trinh isome hoa dién ra trong khodng nhiét d¢ 400-500°C, 4p sudt 0,1-2
MPa, thuc hi¢n trong thiét bi phan Wing doan nhiét, khéng ¢6 dong hydro. Vi wong
céc tao thanh nhanh va nhiéu nén hé théng duge van hanh theo chu trinh: trong khi
mot hodc hai thi€t bi phin dng dang thuc hién qud trinh isome hod thi mor thi&t bi
khdc lam vig¢c § ch€ dé tdi sinh. Qud trinh téi sinh xic tdc thudng gbém ba budc: suc
hoi, d6t c6c va suc hoi 1an cudi. Toan bd mot chu trinh (ca phan g va tai sinh)
thuong kéo dai tir 10-24 gid cho dén 3-4 ngay tuy thudc yéu cdu cong nghé.

® Cong nghe¢ sir dung xuc tdc kim loai quy mang trén SiO,-Al,0;:

Xiic tdc cho qud trinh nay thudng 1a Pt/SiO,-Al,0; hoac Al,O; duoc hoat hod
boi halogen hoac hop chat chita halogen. Qué trinh tién hanh trong dong hydro, cho
phép chuyén hod ca etylbenzen, vi tuy thuoc lueng hydrocacbon nay cé trong
nguyén liéu, ham lugng Pt mang trén SiO,-AlLO; ¢6 thé dao déng tir 0,5-0,6% hoac
ALO; di hoat hod ¢6 thé chita 0,3 + 0,4% KL Pt. Hoat tinh clia xdc tdc dugc duy tri
nhd sy ¢é mat cha clo trong dong hydro. Tuy nhién viéc 1dm ndy ciling gay ra su an
mon thiét bi ddng ké.

Tuy timg trudng hop, qua trinh chuyén hod c6 thé tién hanh trong khoang nhiét
do 300 + 500°C (thudng la 400 + 480°C), dp suét 1-3 MPa, ty 1¢ mol H,/hydrocacbon
tir 8 + 10 va LHSV tir 1 + 2 h™'. Vi phan tng isome hod toa nhiét nhe¢ khi can bang
dich chuyén v€ phia tao sin phim p-xylen, nén thiét bi phan dng thudng sir dung loai
doan nhiét.

® (Cong nghé sir dung xtc tdc kim loai thudng:

Day 1a cdc xiic tdic méi xuat hién trén thi trudng. Chiing 1a cdc din xudt cha
xde tdc hydrocracking, duoc ki€ém sodt bdi dp suat hydro, tuong tu nhu hé xdc tdc
kim loai quy. Vi vay, vé 1y thuyét trén hé xdc tdc nay, etylbenzen ciing duoc chuyén
hod, nhung thuc t€ 1a rat it. Xic tac c¢6 kha nang tdi sinh, nhung c6 thé diing mot nam
lién tuc ma khong can dén qud trinh nay. Nhiét dé ddu cfia chu trinh 14 370°C va
duoc tang dan t6i cudi chu trinh 14 450°C dé duy tri hoat tinh chia hé xiic tdc. Ap sudt
h¢ théng duy tri & 1,5-3 MPa, LHSV tir 0,5-3 h™', t¥ & mol Hy/hydrocacbon & dong
vao thi€t bi phan ting dat tir 3-8. Nguyén tac van hanh cia hé théng tuong tu nhu véi
hé xiic tac kim loai quy. ..

Hién nay, trong cdc hé xiic tic mdi phuc vu isome hod pha hoi, chat mang
ALO;, Si0,-Al,0; théng thudmg di duge thay thé mot phdn hodc toan bo bing céc
loai zeolit nhu mordenit, ZSM-5, cho hiéu qua xic tdc cao hon rat nhiéu. Cic nhi
thiét k& cong nghé¢ isome hod pha hoi néi ti€ng c6 thé ké dén Chevron, Shell,
Sinclair, ICI, Mobil, Toray, Engethard, Esso, UOP.,...

77



b) Cong nghé isome héa pha ldng

Ngay nay, mic 'l cong ngheé isome hod pha hoi gdn nhu dang gilt vi tri doc
quyén, nhung cong nghé isome hod pha long ciing dang dan 14y lai vi thé€ c¢ha né sau
mdt thoi gian dai khong duoc luu ¥ dén.

Péi v6i cdc qud trinh isome hod pha long, nhiét do thdp 1a diéu kién thuan loi
cho qud trinh hinh thanh p-xylen. N6éng d¢ can bing ctia nd trong hdén hop
hydrocacbon thom C8 dat t6i da & khoang 80°C, sau d6 giam dén.

C6 hat loai xdc tac stir dung cho cong nghé pha léng, d6 1 xic tdc dang Friedel
Crafts va zeolit.

s Xiic tac loai Friedel Crafts: Ching 1a cdc axit chita halogen, cdc halogen kim
loai hay 1a hon hgp cia ca hai, ¢6 kha ning tao thanh phic véi cdc hydrocacbon
thom, vi du AlCl;-HCI, BF;-HF. Xdc tdc nay thé hién nhiing han ché & chd né khong
¢6 khd nang xvc tién phan dng chuyén hoa etylbenzen ma lai tao diéu kién thuén loi cho
mot s& phin ing phu, dac biét 1a phan ng phan bd lai, tao benzen va dietyl benzen.
Nam 1968, Mitsubishi Gas Chemical da dua vao cong nghiép k¥ thuat sir dung hon
hgp BF:-HF lam tdc nhan chiét cling nhu chit xic tac cho qua trinh isome hod va chi
cin nang nhiét d¢ dén khoang 100°C. Trong cong nghiép, cdc qud trinh st dung
nhitng xic tdc nay dd nhanh chéng bi loai bd va duge thay thé bing cong nghé pha hoi.

a Xiic tdc zeolit: Mobil Chemical di thi€t k&€ cong nghé isome hod nhiét do thdp
LTI tién hanh trong pha long v6i xuc tac zeolit dac biét 1a ZSM-5. Xiic tdc nay hoat
dong hon nhiéu so vdi loai REX thudng str dung trong cong nghé pha hot. Theo cong
ngh¢ caa Mobil, qua trinh isome hod tién hanh trong diéu kién khéng ¢6 hydro, & 4p
suit 3 MPa, nhiét d6 tang dan theo thoi gian tr 200-260°C. Véi diéu kién 1am viée &
LHSV 1 3 h™', tudi tho chia xdc tdc I 2 nam. Cic qua trinh t4i sinh trung gian dugc
thiét k& dé dét chdy coc duge thuc hién ngay khi nhiét d6 dat 260°C.

2.3.4.3. Phdn b6 lai toluen

Qu4 trinh nay mdi day da dugc phdt trién thanh quy mé cong nghiép nhim
muc ti¢u ting san lugng benzen va hén hop xylen trén co s& chuyén hod toluen it gia
tri ing dung hon. Bang cdch két hop véi qud trinh phan tich p-xylen theo phuong
phdp két tinh hoac hdp phu, hoac két hop véi isome hod, cong nghé nay cé thé duoc
str dung d€ sdn xuat mot lugng tuong ddi o-vd p-xylen khéng can tang luong reformat
can xir ly.

Trén quy moé cong nghiép, qud trinh phin bd lai toluen ¢6 thé tién hanh trong
cd pha long va pha hoi, véi sy ¢6 mat cla xic téc rin. Cdc hé xdc tdc dugc sit dung
¢6 nguédn gdc tlir dang Friedel Crafts, cdc oxyt silic vd oxyt nhom, xdc téc ludng chic
hoic zeolit. Phan ting chinh xay ra nhu sau:
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it

2 CgHs CHy = CgHg + C¢H4(CHs),

Neéu trimetyl benzen ciing c¢6 mit trong thanh phdn nguyén liéu, phiu ng
chuyén nhém alkyl cling déng thdi xay ra:

CgHs CH; + CgH4(CH,), == 2CH,(CH.),

Phan iing nay dugc sir dung dé diéu chinh ty & benzen/cdc xylen béng, cach dua
vao hon hgp nguyén liéu cdc hydrocacbon thom C9 da dugc idch ra tror.g qud trinh
xu 1y phan doan hydrocacbon thom C8. V€ 1y thuyét, qud rinh ¢é thé ti€n hanh
khong c¢édn sir ¢6 mat cua hydro, nhung su ¢é mat cua né han ch€ su tao c6c. Phin
¢6¢ nay duge tich boé nhd qua trinh tai sinh.

Céc phan tng phu c6 thé xay ra trong qud trinh gém ¢6: Tach nhém alkyl cia
toluen, tao benzen va metan; Phan bg lai hdn hop <ylen tao toluen va céc trimetyl
benzen (n€u ham lugng C9 trong nguyén li¢u thdp); Phan bé lai trimetyl benzen tao
thanh cac xylen va duren (1,2,4,5-tetrametyl benzen).

C6 3 cong nghé phan bd lai toluen chinh di va dang din dugc chuyén hod
thanh quy mo cong nghiép, d6 la: Cong nghé “xylen plus™ clia ARCO, “Tatoray” clia
Toyo Rayon va “Mobil LTD" cia Mobil Chemical. Hai ¢éng nghé diu tién thuc hién
trong pha hoi, con céng nghé thit ba tién hanh trong pha 1éng.

Trong cong nghé ARCO “xylen plus”, chuyén hod dién ra khéng ¢6 mit hydro,
& 4p suat gdn dp sudt khi quyén (0,2 MPa) va nhiét do tang dan tir 480 t4i 520°C. Do
xtc tdc clia qud trinh 1a 8i0,-Al,04 bién tinh (mordenit tdm niken) nhanh chéng bi
ngd doc bdi cbc, cdn duge tdi sinh thudng xuyén nén loai dém chuyén déng duoc sir
dung cho céng nghé nay.

Trong cong ngh¢ “Tatoray”, ty 1¢ mol Hy/hydrocacbon & dong vao thiét bi phan
trng tir 5-20, néng d6 hydro trong dong khi tudn hoan 16n hon 70% TT, xic tic loai
T81 1 dang zeolit cé chda kim loai chuyén ti€p. Qud trinh duge tién hianh & diéu
kién dp sudt 3 + 4 MPa, nhiét d6 tang tr 410 dén 470°C. Tii sinh x0c tac cing dugc
thuc hién bang qud trinh dét cdc trong dong khi ngh&o oxy, nhung véi tin suit thap
hon nén ¢6 thé sir dung thiét bi loai dém ¢& dinh. Tudi tho cla xic tdc niy thudng
dai hon 2 nam.

Do mot s6 loai zeolit thé hién cdc tinh chét dac biét trong qua trinh x{r 1y
hydrocacbon thom, Mobil Chemical da sir dung ching lam xic tic cho phén ing
phan bd lai toluen thuc hién & diéu kién mém (nhiét do thap) voi cong nghé “Mobil
LTD”. Qud trinh chuyén hod dién ra trong pha long, khong cé hydro, & 4p suit 4,5
MPa, nhiét do tang dan tir 260 dén 315°C. Xiic tdc thudng st Jung 12 zeolit ZSM-5,
van hanh trong diéu kien LHSV 1,5 h™', véi tuéi tho 1,5 nam. D¢ loai bd cdc, céc qud
trinh tdi sinh xdc tic khong thudng xuyén bang cdch d6t chdy c6c & 315°C ciing
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duge dp dung.

Sa d6 nguyén 1y hoat déng chung cla cong nghé phan bé lai giita toluen va cdc
hydrocacbon thom C9 dugc mo ta trén hinh 2.4,

Ld nung Phan Umg On dinh Th:ép tchsan 4t xven
wham nhe
RH thom CS Xuc téc Khi phién lié Khi ra Xylen _

Hei
-
RH thom

rnhe
Toluen
Hei

Nhién figu

Xuc téc di
tai sinh

RH thom
nang

Hinh 2.4. So dé nguyén Iy hoat dong cia céng nghé phdan bo lai
toluen va hydrocacbon thom C9 sdn xudt xylen

2.3.4.4. Qua trinh Cyclar

Ban chét cha qua trinh Cyclar 13 chuyén hod ¢6 xtic tdc LPG, mot hén hop cla
propan va butan, thanh san phdm gidu hydrocacbon thom. Giai doan déu tién dugc
gia thiét Ia phan ng dehydro hod clia propan va butan thanh cdc olefin tuong itng.
Ti€p d6, cédc olefin nay s& oligome hod thanh céc olefin C6, C7 va C8. Phan ting tiép
theo la dehydro vong hoa tao thanh cdc hydrocacbon thom BTX. Chuéi phan ing sau
s& minh hoa sy hinh thanh benzen tir 2 phan tir propan:

2 CH;CH,CH; — CH;CH,CH,CH,CH=CH, +2H,

CH;CH,CH,CH,CH=CH, === Q S O +3 H,

Mic du olefin 1a cdc hgp chét trung gian clia qud trinh nay nhung san phim
cudi cla qud trinh ¢6 ndng do olefin rat thap. Toan bd qué trinh phan tng 1 thu
nhiét do tinh tréi ctia phan Gng dehydro hod va cracking. Metan va etan 1a cdc san
phidm phu hinh thanh tit phén Gng cracking. Higu suit hydrocacbon thom dat 63 +
66% tuy thudc thanh phan nguyén li¢u. Thanh phan san pham long chifa tSi 92% KL
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BTX, 7 + 8% hydrocacbon thom C9 va C10, va rit {t lugng hydrocacbon khéng
tham. Vi vy sin phdm ¢6 thé dugc chuyén ngay sang thdp chung c4t phan doan thu
hoi benzen ma khéng cdn qua giai doan chiét tich nhu d&i véi san pham cila
reforming xic tic.

2.3.5. Phan tich hydrocacbon thom

Sau cdc qud trinh reforming xic tdc hodc cracking hoi dé tao ra san phdm xang
giau hydrocacbon thom, mét budc quan trong va khong thé thigu ti€p theo la xir 1y va
phan tich cdc hydrocacbon thom ndy ra khéi hén hop. Cdc cong doan chinh gém:

® X 1y so bo phan doan san phdm 1dng bing chung it phan doan hoac hydro
hod chon loc (dac biét can thiét v4i san pham xang nhiét phan).

® Chiét dung moi dé loai bd cdc dang hydrocacbon khic.

® Chung cdt dé thu héi benzen, toluen tinh khi¢t. Trong trudng hop reformat
don thuan hoac tron véi xdng nhiét phan sé duge duva qua cic giai doan xir 1y ti€p
theo gém cé: Chung c4t siéu phan doan cic hydrocacbon C8, thu etylbenzen va o-
xylen sau khi dua qua thap tich phan doan nhe va phan doan nang; Thu hdi p-xylen
¢ nhi¢t do thap, va san phdm phu 1a dung dich két tinh giau m-xylen.

Hang loat cdc k¥ thuat da dugc dp dung dé€ chiét tdch cac hydrocacbon thom tir
xang cracking hoi hodc xang reforming xic tdc véi do tinh khiét cao. Cic k¥ thuit
XU 1y ndy chil y&u dua trén co s cdc qud trinh hod 1y. Vé nguyeén tic, cdc k¥ thuat
nay déu thich hgp cho tat ca cédc loai xang aromatic, nhung d€ kinh t&, déi khi chiing
dugc thi€t k€ rieng cho mot s§ loai nguyén liéu hay diéu kién van hanh nhat dinh.
Cdc ky thuat nay gém c6 chung cat, két tinh, hap phuy, chung déng phi, chung trich ly
va chié€t dung méi.

2.3.5.1. Chung cdt

Trong nhitng nam gén day, chung c4t don gian thudng it duge sir dung, va thuc
té, chi duge ap dung cho phan tdch etylbenzen v o-xylen, ma thuc ra 1a qud trinh
chung cat siéu phan doan. Nguyén nhan chinh 1a do chénh 1éch nhiét do soi giita cic
cdu tlr qud nhd, k¥ thuat nay khong di kha nang phan tich céc hydrocacbon thom ra
khoi cdc tap chat lan trong hén hop dé dat duge do tinh khiét nhu mong mudn ciing
nhu thod man yéu cau vé kinh t€. Vi vay, chung cat chi duoe sir dung nhu mét qud
trinh x&r 1y so b hodc hé trg cho cdc k§ thust khic. Vi du, trong qud trinh sin xuat
cdc hydrocacbon thom béng thom hod, d€ san phidm toluen vi cic hydrocacbon thom
C8 dat yéu céu k¥ thuat can thiét, chung cat phan doan trong ba thdp lién ti€p thudng
duge sir dung d€ phan tich san phdm 1éng C6, C7, C8 v6i ham luong benzen, toluen
va xylen cao va san phim ning 1 cdc hop chét C9.
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2.3.5.2. Két tinh

Phuong phdp nay chi duge dp dung cho 2 hydrocacbon thom, d6 la benzen va
p-xylen. D6i v6i qua trinh xir Iy cdc phan doan gidu benzen nhu san phim long clia
qué trinh c¢6¢ hod than, phan doan C6 nhiét phan, k¥ thudt nay dem lai gia tri kinh t&
khéng thé pht nhan duge. Tuy nhién cho dén nay, qud trinh ndy (do Newton Chamber
thiét k&) van chi duge sir dung cho xir 1y san pham 1dng clia qud trinh ¢6c hod than.

Nguyén téc cla qua trinh nhu sau: khi 1am lanh, benzen 16ng s& chuyén thanh
dang tinh thé. Sau khi duge rira bing chinh dung dich tao thanh tir qud trinh nau chay
mot phén tinh thé benzen nay, cdc tinh thé dugc tinh ché tach tap chdt. Thanh phan
cha cdc hop chit khong phai hydrocacbon thom ¢é trong nguyén ligu s quyét dinh
hinh dang cta dudng cong két tinh (nhiét do otectic va thanh phin) va, do dé quyét
dinh diéu kién thuc hién qud trinh.

Trong nhiéu nam, két tinh van dugc xem 1a phuong phdp duy nhat dugc su
dung véi quy md cong nghiép dé san xudt p-xylen c¢é do tinh khi€t dat yéu céu
thwong mai ma van dat hiéu qué kinh 1€ Tuy nhién, hién nay, hdp phu, mot phuong
phip cho phép dat hiéu qua thu hdi cao, dang 12 qua trinh canh tranh manh nhat véi
phuong phdp két tinh.

2.3.5.3. Hdp phu

Cic hydrocacbon thom ¢6 thé duge phan tich khéi cic hydrocacbon khdc cha
yéu nhd kha nang hap phu lén mot s§ chat ran. Loai qud trinh ndy doi hoi thyc hién
theo chu trinh bao gém giai doan hap phy hydrocacbon thom tiép néi bang giai doan
nha hip phu (bing cdch sir dung mot tdc nhan nha hip phu, nhiét, hodc ca hai).

K¥ thuat nay, theo cong nghé Arosorb (clia Sun Oil), thi khéng kinh € khi
dung dé xu 1y céc phan doan phic tap cdn loai bo parafin, naphten. Vi vay, né vin
chua duge phé bién vdi quy mé 1dn. Tuy nhién, dé thu duge xang dac ching véi ham
luong hydrocacbon thom thap, cdc cong nghé tuong tu van dugc sir dung. Gid tri cua
phuong phdp hap phu 14 & kha nang phan tich véi hi¢u sudt cao p-xylen khoi cac
déng phan cta né trong phan doan C38.

2.3.5.4. Chung ding phi

Chung cit don gian khong thé phan tich cic hydrocachon thom khoéi cdc loai
hydrocacbon khdc, bdi vi d¢ bay hoi twong d6i cia chiing rat thap va rat nhieu hdn
hop ding phi dugc hinh thanh.

Chung cit déng phi dya trén co s& hinh thanh hén hop ding phi gilta mot
hydrocacbon khong thom véi mot dung méi phan cye ¢6 nhigt d6 soi thip. Dung moi
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nay duge chon trong s6 hang loat cdc loai rugu, xeton, aldehyd va nitril, va duoc sur
dung & dang tinh khiét hoac hén hgp véi nude. Néu dung moi tao thanh mot hén hop
diing phi di thé, viéc thu hdi dung moi sé dé dang hon nhiéu.

V& nguyén tac, khong ¢6 yéu t6 ndo dac biét 1am han ché hiéu suat qud trinh.
Ham lugng tap chat trong nguyén liéu va thanh phin cia hén hgp dang phi quyét
dinh lugng dung moi can thiét. Cic phan doan gidu hydrocacbon thom c¢é thé duoc
xir 1y theo phuong phap nay twong dai kinh t€. Tuy nhién, bat k¥ mot su thay ddi nao
vé loai tap chét cdn loai bd va nhu vay, thanh phan hdn hop dang phi ciing thay déi,
thi cling 1Am cho qud trinh tinh ch€ kém hiéu qua hon. Phuong phdp nay chi c6 thé
ap dung cho phan doan hep chi chia chi yéu mot hydrocacbon thom. Trén thuc t€,
phuong phap niy chi d4p dung trong san xuat benzen vi toluen.

2.3.5.5. Chung trich ly

Téc nhan chi¢t duge st dung cho loai hinh chung cat nay ¢6 nhitng dac tinh rat
khdc so vdi dung moi dung trong qud trinh chung ding phi, thé hién &: nhiét do soi
cao hon cdc cdu ti thanh phan nguyén liéu va vai trd ctia nd la giit cdc hydrocacbon
thom, cho phép cédc loai hydrocacbon khic chung cat, chuyén vao san phdm chung
cAl.

Hon nifa, trong phuong phdp chung trich ly, nguoc véi chiét dung méi, tic nhan
st dung phai 12 khong phan cuc dé ngan nglia sy hinh thanh hai pha long, ngay cé
khi ham lugng tap chat 16n. Loai tdc nhan ndy thudng duge s dung véi s6 lugng
tuong do6i 16n trong cdc trudng hop nguyén liéu giau hydrocacbon thom. Tdc nhan
ding cho chung trich ly dugce tdi sinh nhd qud trinh tdi dun s6i va tuan hoan tro lai.

Phuong phdp nay, ciing giéng nhu chung déng phi, chi duge dp dung cho mot
loai hop chat véi d6 tinh khiét cao. Vi vdy, nguyén liéu phai 12 mét phan doan hep ¢é
chira it hoac khong ¢é hydrocacbon thom canh tranh va néu cidc phan doan nay 13 san
phdm cua qué trinh chung cat phan doan truc ti€p xang nhiét phan, ching phai dugc
hydro hod chon loc trude khi dua vao chung trich ly. Tuy nhién, cdc k¥ thuit chiét
1ong/léng dé x(r 1y nhitng phan doan rong cho thdy cdc dung méi duoce sir dung déu 1a
céc tic nhan t6t cho chung trich ly dé c6 thé két hop ca hai phuong phép.

Cdc tac nhan chiét chll y&€u duge st dung trong c¢ong nghiép ban ddu la anilin,
fufural, nitrobenzen, phenol (cong nghé Shell) va gan day dugc sir dung trong chung
trich ly hoac két hop vdi chiét tiach la sunfolan (cong nghé Shell), N-metyl pyrolidon
(Lurgi), N-formyl morpholine (Koppers, SNAM), tetractylen glycol (Union Carbide),
dimetyl formamit (IFP) va dimetyl axetamit (Toray). Nguyén 1y hoat dong cua cic
cong nghé chung trich ly vé co ban tuong tu nhau. Hinh 2.5 14 so d6 nguyén 1y hoat
dong cia cong nghé Lurgi Distapex sit dung tac nhan chiét la N-metyl pyrolidon.
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Hinh 2.5. S0 dé cong nghé chung trich ly Lurgi Distapex,
tdc nhan N-metylpyrolidon

2.3.5.6. Chiét dung méi

Cho dén nhitng nam gan day, chi€t dung méi van la phuong phap ¢6 tinh kinh
t€ duy nhdt phuc vu cho san xuat hon hgp hydrocacbon thom tlr cac phan doan rong
(C6 dén C8). Khi cac cong nghé chung cat don gian duge chuyén thinh quy moé cong
nghiép dé dat dugc miic do tinh khiét cdn cé cho toluen v cdc xylen, va khi tinh dén
mot thyc t€ 1a chung trich ly di kha nang dé x{r 1y phan doan C6 va tinh ché benzen,
thi chi¢t dung moi khong cdn chi€m vi tri quan trong dac biét nira.

® Cac tinh chit cua dung moi chiét

= Chiét 1éng/1ong tadn dung tinh chat cia mot s8 hop chat phan cuc dé ho tan
cdc hydrocacbon thom (ban than chiing 12 cdc hop chét phan cuc) va hdu nhu khong
tron lan véi parafin, naphten. Cac tinh chét chinh cla mot dung méi gém c¢6:

= Kha ning hoa tan 18n. Yéu t6 nay quyét dinh lugng dung moi s& sir dung va
vi vdy, quyé€t dinh kich thudc cia thiét by,

» Do chon loc cao, dé nhén duge san phdm that tinh khiét.

* Tao viing khong trdn lan véi nguyén liéu can xir 1y (khodng ndng do tai dé
hai pha tén tai & trang thdi can bang).

= Ty trong cang chénh léch so vdi nguyén liéu cang t&t, do nhét thap. Hiéu
suit cia qud trinh chiét tang khi chénh léch vé ty trong giita cdc pha cang [dn va
giam khi d§ nhét tang.
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* Chénh léch nhiét d6 s6i so v6i céc hydrocacbon thom dii 16n va bén nhiet.
Nhiét d6 s6i cha dung moi va nang sudt cha qué trinh quyét dinh lugng nhiét can dé
tdi sinh dung moi. Nhiét do s6i t5i wu chia dung méi 12 cao hon 30-40 do so véi nhiét
d¢ soi cua hydrocacbon thom cidn thu héi.

* Doc tinh thip, khong c6 hién tugng an mon, ¢6 thé tén trit & dang 16ng.

» Gi4 thanh thap.

Phan 16n cdc tinh chét ndy ¢6 thé dugce kiém tra trong cc diéu kién thuc t€ khi
st dung dung mei, dac biét 1a nhiét do, yéu t6 anh hudng t6i kha nang, do chon loc
cua dung moi, viing trén lan...

Dung mo6i c6 thé sir dung dudi dang hén hop, hodc bd sung nudc dé cé thé thay
déi cdc tinh chalt cha timg dung moi riéng biét.

® Quy trinh chiét long/long

Dung moi. dang don 1€ hoac hén hop, tron véi nude néu can thi€t, duoc dua vio
tiép xiic ngugc dong véi nguyén liéu va s& cudn theo cdc hydrocacbon thom. Ddng
héi luu s& gilp ting cudng hiéu qua qué trinh tach. Dung méi duge tdi sinh bing
phuong phdp chung cat hodc tai chiét. Chung cat thuémg duge tién hinh heo hai
budc. Bude dau tien tan dung tinh chat chung trich ly, [im tang d¢ tinh khiét ctia cdc
hydrocacbon thom, va sit dung parafin ra & dinh thdp (parafin nhe vi benzen bi cudn
theo) nhu la déng héi luu chdy ngugc vao ddy thdp trich ly (rira nguoc). Trong giai
doan hat, dung méi dugc tich ra nhd chung cét thong thudng va cho phép thu nhan
cdc hydrocacbon thom san phim.

Trong mét s6 trudng hop, vi du khi sir dung dung moi DMSO, mat qué trinh
chi€t thit hai dugc sir dung thay the cho chung trich ly. Dung méi thit hai nay thudc
ho parafin va sau nay c6 thé dugc thu héi lai bing chung cat.

Chiét dung moi thich hop cho xir 1y hdu nhu tat ca cdc loai nguyen liéu, ké ca
loai giau benzen nhat, mic di diéu nay dudng nhu I3 khéng logic khi hoa tan phan
16n phan doan hydrocacbon thom nay chi dé giai phéng mot phan rat nhod. Dai véi
mét s6 dung moéi (nhu N-metyl pyrolidon, dimetyl sunfoxyt), sir c6 mat ctia mot luong
ding k€ olefin (khodng 1%) ciing khong 1am anh hudng t6i qua trinh chiét téch.

® Cong nghé chiét dung moi

Quy trinh chi€t dung moi co ban duge thé hién trén hinh 2.6.

Cac cong nghé dugce sir dung sém nhét trong cong nghiép d6 1a Edeleanu (thiét
ké tit nam 1910) va Udex (ra ddi nam 1952). Cic cOng nghé dang duge sir dung hién
nay chi yé€u chia thanh hai loai: tdi sinh dung méi bing chung cét hoic t4i dun soi,
va tai sinh dung moi bing tdi chiét. Tuy thude loai nguyén liéu va muc dich chiét
tdch ma chiing ta c6 the lya chon cong nghé thich hop.
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Hinh 2.6. So dé co bdn qud trinh chiét hydrocacbon thom bdng dung méi

Néu bd qua mot s6 diém khdc biét nhé thi so d6 nguyeén 1y van hanh cta cdc
cong nghé nay déu tuong tu nhau va qua céc bude sau:

®* Chiét 1ong/long hydrocacbon thom nh& sy ti€p xuc nguge chiéu giita dong
dung mdi va nguyén liéu, 6 nhiét 46 khoang 40 + 150°C tuy thudc loai dung moi str
dung. Dé dat do tinh khiét nhu mong muén, parafin nhe ¢é lan mot phin benzen bj
16i cudn theo duge tuan hoan trd lai ddy thiét bi phan tng.

»Lam gidu hydrocacbon thom clia san phim chiét bang cdch dun s6i hoac
chung trich ly & nhiét do t6i da khoang 150 + 200°C, véi sy hinh thanh parafin nhe ¢
phia trén va tuin hoan tr& lai thap chiét.

» Tai sinh dung moéi bing chung ¢4t hodc dun soi vi tudn hoan trd lai. Véi cong
nghé tdi sinh dung moi bang tai chiét, hydrocacbon thom dugc tich ra khoi dung moi
ban diu nh& qud trinh tdi chi€t hydrocacbon thom vao dung moi méi (thuong la
parafin) va thu hoi lai nhd chung cat phan doan.

* Rira nuéc dong rafinat va cdc hydrocacbon thom thu duge, chung cat dung
dich nude thu duge dé thu héi dung méi bi cat cudn theo cdc dong san phim niy.
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2.4. UNG DUNG CUA CAC HYDROCACBON THOM

Céc tng dung quan trong va phé bién clia cdc hydrocachon thom chi yéu lién
quan dén ba loai nguyén liéu chinh, d6 1a benzen, toluen va xylen.

Nam 1997, 46% t6ng san lugng benzen clia nudéc My di duoc sir dung cho qué
trinh alkyl hod san xuit etylbenzen, nguyén liéu cho dehydro hod dé san xuat styren.
Chi€m vi tri quan trong tht hai d6 1a qud trinh san xudt cumen, nguyén li¢u dau cho
san xudt phenol va axeton. Qué trinh ndy sir dung t6i 21% téng san luong benzen
nuée My. Ung dung quan trong thit ba clia benzen (chi€m 13% t3ng san lugng) dé 1a
tham gia phan Gng hydro hod téng hgp xyclohexan, nguyén liéu quan trong cho qué
trinh san xudt axit adipic, caprolactam vi hexametylen diamin, Khoang 5% t6ng san
lugng benzen duge sir dung cho qud trinh tdng hgp nitrobenzen, hgp chit trung gian
cho qua trinh san xudt anilin phuc vu cong nghiép nhuom. Cdc san phdm quan trong
khic bit ngudn tir benzen, dé 1a clobenzen, anhydrit maleic, resocxinol va cac
alkylat tay rira.

Ung dung quan trong nhat clia toluen dé la nang cdp chat lugng xing nhd kha
nang lam tang tri s6 octan clia né. Trong céng nghiép hod chat, 54% téng sin luong
toluen cha thé gi6i duge sit dung dé chuyén hod thanh benzen, khoang 16% dugc
diing lam dung moi. Ung dung quan trong thit tu, tiéu thu khoang 8% tdng sin lugng
toluen, 1a phuc vu cho qud trinh san xuit tolylen diisoxyanat sir dung trong mang
polyuretan. Cdc ting dung khdc cia toluen la san xudt caprolactam, phenol, phu gia
cho xang...

Vi cdc xylen, con duong tiéu thu 16n nhat dé 14 lam chat cdi thién tri s6 octan
cha xidng. Cic ing dung trong cong nghiép hod chdt ciia cdc déng phan xylen chi
yéu la sin xuat nhua, sgi. Trong s& cdc dong phan, p-xylen 12 loai quan trong nhat
dugc sir dung trong cong nghiép san xuit terephtalic va dimetyl terephtalat, cic
nguyén liéu dau cho san xuat sgi va mang polyeste. V3&i o-xylen, hau nhu toan bo
dong phin nay duge Ging dung trong san xuat anhydrit phtalic, nguyén liéu cho téng
hop chat déo, nhua alkyt va nhua polyeste. m-Xylen 1a déng phan it quan trong nhat
va chi nhimg lugng nhd dugce sir dung cho san xudt axit isophtalic img dung trong san
xuat chat déo.
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Chuong 3
SAN XUAT PARAFIN

3.1. GIOI THIEU CHUNG

Cac hydrocacbon parafin dugc sir dung trong cong nghé tdng hop hod dau rat
da dang, bao gém tir loai don gi&n nhat nhu metan t6i nhitng khi hydrocacbon c6
phan ti lugng cao hon va cdc hdn hop ¢6 trong céc phan doan ddu thé va cin.

Céc parafin twong déi kém hoat dong so véi olefin, diolefin vi cic hydro-
cacbon thom. R4t {t hod chét c6 thé duge sin xudt tryc tiép tir phan tng ciia parafin
vdi cdc tdc nhan khac. Tuy nhién, parafin lai 1a nguyén liéu ddu cho san xuat olefin
bang céc qud trinh cracking. C4c parafin C6 + C9 v céc xyclo parafin dic biét quan
trong d6i v6i san xudt hydrocachon thom theo phuong phép reforming. Céc parafin
mach thang C12 + C14 la ngudn nguyeén liéu thich hop cho sdn xuat chat tay rira
phéan huy sinh hoc.

Tuy theo $6 nguyén tir C trong thanh phdn ciu tao, ngudi ta phan loai céc
parafin nhu sau:

= Parafin thép: bao gébm cdc hydrocacbon no tir C1 + C4, & diéu kién thudng

ton tai & dang khi, va C5, tén tai & dang long. Cdc hydrocacbon nay déu c6
thé dugc phan téch riéng véi nhimg muc dich sir dung khdc nhau.

® Parafin cao: thuong tén tai & dang hén hop cdc déng ding, déng phan tir C6

dén C16 (dang 16ng) va C17 dén C40 (dang rin).

Theo céu tric cdc lién két trong phéan tir hydrocacbon, ngudi ta lai phan loai
thanh parafin mach thing (n-parafin) va parafin mach nhanh (isoparafin).

3.2, TINH CHAT KY THUAT CUA PARAFIN

Parafin C1 + C4 14 c4c khi khong mau, khong mui (C1 + C4), va C5 1i chat
long c6 nhiét d9 soi thdp (C5). Nhiét toa ra khi d6t chdy cic parafin nay rdt lon tir
1009 dén 3253 BTU/ft’ (bang 3.1).

Céc parafin khong tan trong nudc, khé tan trong cic chat 1ong, dung moi co
cuc, vi du rugu thép, xeton, aldehyt. Ching dé bi hdp thu b&1 moét s6 hydrocacbon va
hap phu boi cdc chat hap phu ran. Céc parafin thap tao hdn hop né véi khong khi
trong cdc khoang néng d¢ khic nhau, tuy thuéc ban chat hydrocacbon.
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Bang 3.1. M¢t 56 tinh chdt ky thudt ciia cdc parafin C1-C4

Hopchét | Nhietdossi | Nhiétdotsi | Gidi han né véi Nhiét chdy
(°C) han (°C) khong khi (Bru/ft*)
dudi trén
Metan -161,5 -82,6 5,00 | 15,00 1009
Etan -88.6 32,28 3,00 12,5 1800
Propan -42,1 96,7 2,12 9,35 2300
n-butan -0,5 152,0 1,86 8,41 3262
Isobutan -11,7 135,0 1,8 8,5 3253

Vé khi nang phin ing hod hoc, cédc parafin thip déu kém hoat dong, nhung do
sir ¢6 mat cia cdc hydro bac 2, 3 trong thanh phén cdu tric, chiing van ¢6 kha ning
tham gia céc phén dng ¢ nhitng diéu kién nhét dinh. Chiing khéng phan iing v6i axit,
bazo ¢ dicu ki¢n thusng, nhung ¢6 thé phdn dng v6i mot s6 tic nhan nhu oxy, clo &
diéu kién nhiét d6 cao, ¢6 xic tdc. Ddy hoat déng hod hoc clia cic parafin nay cé thé
sap x€p theo thit tr CHy < C;Hg < C3Hy < n-CH,,, < iso-C,H,,. ...

V6i cdc parafin cao, ching ¢6 kha nang tao phic cong hop dang tinh thé vdi
cacbamit, ¢é kha nang hap phu lén cdc vat liéu ray phan tit (zeolit). Nhiét do néng
chay cla n-parafin 16n hon so véi isoparafin.

3.3. CAC NGUON CUNG CAP PARAFIN

Metan 1a thanh vién déu tién cha day alkan va la cdu tIr chinh trong thinh phén
khi tu nhi¢n (khoang 80 + 97%, tuy ngudn khi). N6 ciing 13 sin phdm phu cla tat ca
cdc dong khi tao ra tir qud trinh ché bi¢n ddu thé. Etan la thanh vién th hai trong
ddy alkan, va chi yé€u dugc tich ra tir khi tu nhién hoa 1dng. Propan va butan cé thé
thu duoc tr ngudn khi tu nhién hod long, khi déng hanh hoac tir céc dong san phém
khi ctta nha médy loc ddu.

Cdc loai parafin khic c6 thé thu duge tir cic phan doan 1dng cta diu tho
(naphta, kerosen, gas oil, ddu nhon...). Tir naphtha thu duge trong qua trinh chung
cdt khi quyén, hodc tir phan xudng cracking, ngudi ta ¢6 thé thu duge cdc parafin
mach thing, mach nhédnh va xyclo parafin {(naphten). Kerosen thu dugc tir chung cit
ap suat khi quyén hodc phan xudng hydrocracking 12 nguén cung cdp cdc n-parafin
mach dai C12 + C14, xyclo parafin...

3.4. CAC PHUGNG PHAP SAN XUAT PARAFIN

Véi cdc n-parafin sin ¢6 trong cdc ngudn khi tu nhién, khi mé déu, cic phan
doan dau mé hoac sén phim clia cic qué trinh ché bién ddu, phuong phap chi yéu dé
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thu nhan ching 14 phan tich bang cdc k¥ thuat nhu hap phu, hip thy, két tinh, ngung
tu, chung cat...

V§i cdc loat isoparafin, ham lugng cla ching trong cdc nguén tu nhién khong
16n, hon nita, dé thu dugc loai sian phdm ¢é cdu triic nhir mong muén, phuong phdp
phé bign van 1a téng hop, vi du isome hod, aikyl hod, hydrocracking chon loc...

3.4.1. Phan tach cac n-parafin

3.4.1.1. Tdach cdc parafin thdp

Pé tich cac parafin thap tr nguén khi thién nhién hodc khi ddng hanh, tuy
thuoc dé tinh khiét cia nguyén liéu ma c6 thé lua chon k¥ thuat tich thich hop.

Tu khi thién nhién, d€ tich metan, ngudi ta thudng sir dung phuong phdp hip
phu néu nguyén liéu it tap chdt, hodc chung luyén néu nhiéu tap chat. Tir khi dong
hinh, vi thanh phidn nguyén liéu phitc tap hon nén qud trinh phéan tach thuong tién
hanh qua hai giai doan: ngung tu (hodc hap phy, hoac hap thu) va tinh luyén.

Phuong phdp ngung tu khi dua trén nguyén tic dung dp suit cao (2 + 4 MPa),
két hop v6i lam lanh sau dé hod 1dng khi réi chuyén sang thdp chung phan doan.
Phuong phédp nay ¢6 gid thanh san xuat cao do tén nang lugng nén va lam lanh khi.

Vi k¥ thuat hap phu, khi nguyén liéu duge dan qua khoi chat hip phu (than
hoat tinh). Khi d6, céc parafin s€ lan lugt duge gifr lai trong chat hap phu theo nhiing
mifc d¢ va thit ty khdc nhau tuy kha nang hap phu cua tng chat. Sau d6, chiing sé
lan lugt dugc tach ra nhd qud trinh nha hip phu bang hoi nudc. Phuong phdp nay doi
héi ddu tu co ban 16n va qué trinh van chuyén chat hdp phu rin véi khéi lugng 16n
tuong doi phitc tap.

Hap thu Ia k¥ thuat tdch dua trén kha niang hoa tan cua parafin can tich vao
dung dich chit hap thy. Ngudi ta tién hanh rira khi bang chat hdp thu trong thip dudi
4p suat sau do6 chung cat tich khi hoa tan trong chat hap thu. Ting cdu i s&€ dugc
tich rieng nhd thiap chung phan doan. Sau qua trinh chung cét, dung dich hép thu s&
dugc tai sinh va tuin hoan trd lai thap hip thu. Chat hap thu thudng duge sir dung la
xang ning hoac ligroin. Phuong phdp nay cé wvu di€ém 12 khong cén 4p sudt cao, nhiét
do thdp nén hiéu qua kinh t& cao, dugc sl dung phd bién trong céng nghiép.

Mot phuong phdp khdc ciing rat phd bi€n d6i vdi khi dong hanh dé 1a chung
phan doan trong hé théng gém nhiéu thdp, véi téng s6 dia 1én dén 400-700.

3.4.1.2. Tdch parafin cao

D¢ tach cac parafin cao, cdc phuong phéap hod 1y ciing duoc sir dung phd bién,
bao gém két tinh, hap phu, tach phiic tinh thé.
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a) Phuong phdp két tinh

Nguyén tic cua phuong phip nay Ia dua trén sur chénh lech vé nhiét dé néng
chay ciia cdc parafin. Qud trinh phan tich c6 thé duge hb trg thém bing céch sir dung
dung moi, tuy timg trudng hop. D6i véi gazoin va ddu nhdn cé do nhét thip, nguyén
lieu duoe 1am lanh bang nude mudi dén 0°C. Khi d6 parafin s& két tinh, nhung ciing
s€ lan khoang 30% hydrocacbon 16ng. Hén hop niy duge loc, tich 14y phan rin dem
ép thanh tam. Khi dun néng nhe, cic tap chét s& duge tdch ra vi khéi parafin san
phdm ¢6 do tinh khigt 96-99%.

Trong trudng hop nguyén liéu ¢6 1dn nhiéu loai tap chat, qud trinh tach s& duoc
hd trg biang cdch sir dung cdc dung moi ¢é kha nang hoa tan tot cdc cau tir nhu
isoparafin, naphten, hydrocacbon thom... ma it hod tan n-parafin. Cdc dung moi nay
thuong la céc xeton thdp, hydrocacbon thom. Dung moi dugc hoa vao nguyén liéu réi
lam lanh dén —5°C + -30°C. Khi d6, cdc n-parafin két tinh s& dugc tach, va chuyén
sang nung n6ng chay dé ket tinh lai, tich khoi dung moi ¢6 1an.

Trong mét s6 qud trinh, ngudi ta cling sit dung propan 1ong véi vai trd vira 13
dung mai vira la tdc nhan lanh cho qud trinh két tinh. Nguyén liéu duge tron vdi
propan long trong thip dudi 4p suit. Giam 4p hén hop, propan s& bay hdi, 1am cho
nhi¢t d¢ hon hop lanh xuéng —40°C. Khi dé, n-parafin két tinh. Loc tich lay parafin,
con propan dugc tudn hoan trd lai thip. Phuong phdp nay cho dé chon loc cao, va ¢6
thé dng dung cho cédc phin doan ning clia ddu mo.

b) Tao phirc cacbamit

Day la phuong phdp dua trén kha ning tao phifc cong hop véi cacbamit cla
n-parafin. Phan tng xay ra nhu sau:

RH + n CO(NH,), == RH.nCO(NH,),

Quad trinh duge ti€n hanh bang cich tron ddu v6i dung dich nude hodc rugu bio
hoa cachamit ¢ nhiét do 10 + 40°C. Phic tao thanh & dang két tinh s& dugc loc va x@r
Iy bang nudc néng hodc hai 70 + 100°C ¢€ phan huy phitc va tich bd cacbamit, thu
héi n-parafin. Véi cic phan doan giau parafin, ngudi ta ¢6 thé sir dung thém dung
moi diclometan dé pha lodng, tao thuan lgi cho qud trinh loc.

Phuong phédp nay cé thé dp dung cho moi phan doan ddu. Tuy nhién, né cé
nhuge diém 13 dé chon loc thap, san phdm r-parafin ¢6 1in isoparafin, naphten va
hydrocacbon thom.

¢) Hap phu bing vat liéu ray phan tir (zeolit)

Phuong phdp nay dugc dp dung dua trén nguyén tic chat hap phu chi hip phu
n-parafin ¢é kich thudc nhé hon 16 x8p cia zeolit, khong hap phu céc hydrocacbon
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c6 kich thudce 16n, cong kénh nhu naphten, isoparafin.

Céng nghe UOP Molex 1a mot qué trinh dién hinh duge stt dung dé phan tich
n-parafin khoi cdc isoparafin. Mac di cong nghé nay khong gidi han cho mot qud
trinh xir Iy riéng biét nao hay chi sir dung v6i mot loai nguyén liéu cé s6 nguyén tir
cacbon nhét dinh, qua trinh Molex thudng duge ng dung phd bién nhait dé thu héi
céc n-parafin phuc vu san xudt chat déo hoac chat tdy rira. Cac dang n-parafin dién
hinh tr C6 + C10 dung cho san xuit chat déo, C10 + Cl4 diing cho alkyl hod san
xudt alkyl benzen va C13 + C22 (thudng 1a 16n hon C16) diing cho téng hop cédc rugu
tay rua...

Va

£

'\\ : Raﬁnat_
\{f < guyén lidu @
o —

2

Mguyén lidu *— g

hdn hap L 4 Al y
parafin-olefin 5
LP—@A N
San pham S4n pham n-parafin

rafinat {dd tinh khigi cao)
{isoparafin)

Hinh 3.1. Cong nghé UOP Molex:
1- thap hap thu; 2- van quay; 3- thap x{ ly rafinat; 4- thap x( ly pha trich; 5- x(1 Iy nha hap phu

Coéng nghé¢ UOP Molex la phuong phdp tich bing hip phu pha 1éng cédc
n-parafin ra khoi isoparafin va xycloparafin trén co s cong nghé tdch Sorbex véi
chat hap phu 1a zeolit. Hap phu trong pha long déang nhiét 1dam cho qud trinh xir ly
cdc nguyén liéu nang va khoang rong duge dé dang hon. Véi cdc qua trinh tién hanh
trong pha hoi, d€ qud trinh phan tich duge hiéu qud, ngoai cdc thiét bi lam mat va
dun néng thong thuong, hé théng cdn cin ¢6 mot bd phan lam thay déi nhiét do
va/hoac dp suat trong khodng rong trong suét chu trinh hap phy-nha hdp phu. Cic
qud trinh pha hoi ndy ¢6 xu huéng dé lai mot lugng e8¢ nhat dinh trén chat hap phu,
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va do d6, sau nhiing khodng thdi gian nhat dinh, hé théng cdn dugc tam dimg dé tdi
sinh chat hap phy, loai bo céc. Nguoc lai, cdc qué trinh thye hién trong pha 16ng ¢
thé 1i€n hanh lién tyc khong cdn ngimg lai dé téi sinh chat hap phu. Hinh 3.1 minh
hoa h¢ thong so d6 nguyén ly clia cong nghé Molex. Cong nghé nay cho phép san
Xudt n-parafin cé do tinh khiét 98 + 99% va kha nang thu héi 96 + 98% tuy thuac ty
1¢ chat hap phu so vdi thé tich nguyén liéu.

3.4.2. Téng hop cac isoparafin

Muc dich cua qud trinh nay 14 dé bé sung nguyén liéu iso-C4 vi iso-C5 cho sin
xudt monome va nhién li¢u ¢6 chi s6 octan cao. Cdc phuong phép duoc sir dung pho
bién la isome hod n-parafin, alkyl hod isoparafin bing olefin, hydrocracking chon
loc xang...

3.4.2.1. Isome hod

Cong ngh¢ isome hod dugc sir dung rong rai trong cdc nha mdy loc hod dau véi
ing dung chinh la isome hod parafin nhe mach thang thanh cic parafin mach nhanh.
Naphtha nhe ¢6 tri s6 octan thip, bao gém hén hgp ctia pentan, hexan, dugc isome
hod thanh hén hgp tron cho xang ¢é tri s6 octan cao va khong chira luu huynh hay
hydrocacbon thom.

Bén canh d6, mét ing dung phd bién khic d6 1a isome hod r-butan thanh
isobutan 1am nguyén liéu cho cdc qud trinh alkyl hod sdn xudt cdc ciu tir cé tri s¢
octan cao nhu 2,2,4 trimetyl pentan, hoac tr isobutan san xuit isobuten, isoamylen
dung cho cdc qua trinh tdng hop khic.

Tét ca cdc cong ngh¢ isome hod dau tién duoc thist k€ va dua vio ing dung
cong nghiép nhitng nam 1930-1940 déu dua trén co s& phan tng Friedel Crafts, sit
dung xic tic AlCl; va ti€n hanh & nhiét d¢ 80 + 120°C. Nhimg qud trinh nay déu thé
hién nhiing nhugc di€m nhu t6c d6 an mon rdt nhanh, céc 16p dém xiic téc hay bi tac,
lugng xdc tdc tieu thy qud 16n. Cdc phan xudng nay doi hdi phai duoc bao dudng
thuong xuyén, hiéu qua van hanh thap va gid thanh sin xuat cao. Pén nhiing nam
1950, xtic tic lubng chiic bat dau duge phd bién di md ra mot xu huéng méi trong
cong ngh¢ isome hod khong gay an mén hé théng. Véi xdc tic ludng chtc, cdc qud
trinh isome hod ti€n hanh & nhiét d6 cao hon 350 + 450°C, ap sudt 2 MPa,

Isome hod sir dung xic tdc ludng chitc duge thuc hién véi su hinh thanh hop
chit trung gian olefin nhd tdc dong cla thanh phan kim loai trong xic tdc.

P
CH;-CH,-CH,-CH, —t—i- CH;-CH,-CH=CH, + H,

Ve 1y thuyét, phan vmg ndy thuan nghich. Vi xic tdc duge sit dung duéi diéu
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kién 4p sudt hydro du 16n, nén c4n bang s€ dich chuyén vé bén tri. Tuy nhién, chifc
axit trong xic tdc s& tdn cong olefin dé tao thanh ion cacboni va vi vay, cho phép
olefin duge hinh thanh nhiéu hon, mac di khong thuan loi vé cén bang.
CH3-CH2-CH=CH2 + H+A- —_— CH}'CHz'CH-CH_; + A
+
Ton cacboni m&i hinh thinh niy s& sip xép lai thanh dang ion bic 3 bén ving :
Hj
CH;-CH,;-CH-CHy — (CH;-C-CH;4
+ +

Khi d6, isoolefin s& duge hinh thanh theo phan dng:
Hj ?Hs
CI"]3-C-CH3 + A —- Cl’I}'C:CHZ + HA”
+

Cuéi cing isoparafin cudi cing duge tao thanh nhd phan tng hydro hod:
H3 ?H3
CHTC:CHz + H, — CH3-CH-CH3

Khi tuan hodn
‘ .!OI Khi di r¥a vé
" Thiét bi phan img nhién liéu
Hydro mds
Lém
khd TBng
tach
Thép &n diph
Lam
kno San phdm
" déng phan
Butan da
b all

Hinlt 3.2. Cong nghé UOP Butamer

Mot trong nhitng cong nghé isome hod san xudt isobutan hién nay la Butamer
ciia UOP. Qud trinh Butamer thuc hién isome hod pha hoi trong thiét bi l&p xiic tdc
c6 dinh, dugc xic tién bdi fugng vét clo hitu co. Phan ung duge thuc hién vdi su ¢
mat clia mot lugng nhd hydro dé ngan can qué trinh polyme hod olefin trung gian tao
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thanh trong qud trinh isome hod. Mac db clo s& chuyén hod thinh HCl nhung moéi
truong phdn dng luon dugc gilt khé nén cdc thi€t bi phdn ing vin c6 thé 1am bing
thép cacbon ma khéng bi an mon. Hé xic tic sl dung trong qud trinh nay ¢6 hoat
tinh cao va d6 chon loc ¢z, thiic diy qud trinh chuyén hod »#-butan thanh isobutan &
nhiét d6 thap va do d6 ¢ diéu kién can bing thuan loi. Hinh 3.2 1a so d6 dong cla
cong nghé UOP Butamer.

Theo so d6 nay, n-butan két hgp véi dong hydro méi va tudn hoan duge gia
nhiét va dua vao thiét bi Butamer. Sau qué trinh phan \ng, dong san pham dugc
ngung tu, 1am lanh, phéan tich thu héi hydro. Phidn 16ng dugc chuyén vao thip én
dinh tdch cdc khi nhe, réi chuyén sang chung tdch isobutan. Phidn »-butan chua
chuyén hoéd duge tudn hodn trd lai thiét bi Butamer. Dong isobutan duge chuyén di
tach loai propan va cac hydrocacbon nang khdc thu san phim tinh khiét.
3.4.2.2. Alkyl hod

Ung dung chll yéu clia qué trinh nay I3 alkyl hod isobutan bing céc buten,
propylen... dé tao ra cdc alkylat c6 chi s6 octan cao cho xang déng co. Hod hoc vé
qud trinh nay s€ duge dé cip chi tiét trong chuong 9.

Mot trong s6 cdc cong nghé alkyl hod duge sir dung phé bién, d6 1a cong nghé
Phillips v6i xuc tdic HF. Qua trinh dugce tién hanh & diéu kién 27 + 43°C, 590 = 820
kPa, nguyén liéu (isobutan/olefin = 13/1 + 14/1) duge phan tdn vao 1dp xiic tdc Idng
HF chuyén dong. San phdm cha qud trinh 1a hén hop cdc hydrocacbon (propan,
isobutan, n-butan, alkylat) duge phan tdch trong thdp chung phan doan dé thu nhan
alkylat (& ddy thap).

3.5. UNG DUNG CUA PARAFIN

Ung dung clia cdc parafin tuong déi da dang va tuy thudéc ban chat timg loai
hydrocacbon.

Metan chl y€u duge iing dung lam khi nhién liéu sach. Ngoai ra, né con la
nguén mugi than quan trong, va trong cong nghé téng hop hod diu, né duge sir dung
lam nguon nguyén liéu chi y&u cho san xuat khi téng hop.

Etan cling dugc Ung dung chinh lam khi d6t cing v6i metan. Khoang 40% t8ng
san lugng parafin nay dugc sir dung cho cong nghiép hod chat. N6 la nguén nguyén
li¢u quan trong cho cracking hoi san xudt olefin (déc biét 1a etylen). Ngoii ra, né con
duge st dung 1am nguyén liéu cho qud trinh clo hod dé sin xuit etyl clorua, sin xvAt
tetraetyl chi, chit diét con triing, tdc nhan alkyl hod, dung méi cho sin xuit chit béo,
sdp...
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Propan va LPG chi y€u dugc diing lam nhién liéu dot. Ngoai ra, day cing 1a
nguyen li¢u quan trong cho cracking hoi san xudt olefin nhe, nguyén liéu cho qua
trinh Cyclar san xuat hydrocacbon thom, nguyén liéu cho téng hop céc aldehyt
(axetaldehyt, formaldehyt), rugu (metanol, etanol)....Dac biét, propan con dugc st
dung lam dung méi chon loc tich céc cau tir parafin trong ddu boi tron gdc khoi cic
cdu tr ho asphan c6 hai. Bén canh d6, nhd kha nang hod 16ng dudi 4p suat, propan
con la tdc nhan lam lanh quan trong cho hod 16ng khi thién nhién va thu héi cic
hydrocacbon ¢é kha nang ngung tu tir kh{ tu nhién.

Butan mach thang chi y&€u dugc tron véi propan dé tao thanh hén hop LPG lam
khi dot. Ngoai ra né ciing 1a nguyén liéu cho cracking hoi san xuit olefin, dchydro
hod san xuat caosu tong hop, oxy hod sdn xuat axit axetic va anhydrit maleic.

Isobutan dugc bi€t dén véi ing dung quan trong nhat 1a téc nhan alkyl hod
olefin nhe sdn xuat alkylat. Ngoai ra, n6 ciing [& nguyén liéu cho qua trinh dehydro
hod dé san xu4t isobuten phuc vu cho cong nghiép tdng hop MTBE nang cao tri s6
octan va kha nang chdy sach cia xing.

Naptha nhe 1a nguyén ligu duge wa chudng & Chau Au cho qué trinh oxy hod
sdn xuat axit axetic, khi téng hop va cracking hoi san xuét olefin nhe. Naptha nang 1a
nguyén liéu cho qua trinh reforming xic tdc.

Vi cédc parafin cao, ting dung phd bién nhét cia ching la nguyén liéu cho céc
qué trinh san xuat olefin, oxy hod tao axit béo, rugu béo phuc vu cong nghiép san
xudt xa phong, chat déo, nhua, clo hod tao monoclo parafin sin xuit chat tdy rira

phan huy sinh hoc, polyclo hod téng hop phu gia ddu cét, chat hod déo va ho4 chat tic
ch€, sunfo hod sin xuat chat tdy ria...
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Chuong 4
SAN XUAT H,, CO YA KHi TONG HOP

4.1. GIOI THIEU CHUNG

Khi tong hop 1a hén hop khi cia CO va H,. Ty 1¢ Ho/CO thay d8i tuy thudc vao
ngudén nguyén liéu, phuong phdp san xuit va muc dich tng dung.

Trong chién tranh Thé gidi thit II, khi tong hgp dugc san xudt bang phuong
phép khi hod than va duge dung & Dirc d€ san xudt hdn hop hydrocachon 1éng theo
cong nghé Fischer-Tropsch dung cho xang. Cong nghé khi hod than hién nay hiu
nhtr khong duge ing dung vi gid thanh san pham cao, tuy nhién né van dugc duy tri &
mot s6 nudc ¢ ngudn than da déi dao va ré (Nam Phi).

Qud trinh steam reforming khi tu nhién duge dp dung & nhitng nudc cé nguén
khi 16n nhu My, Arap Xeéut, trong khi d6 & chau Au thuong sir dung qué trinh steam
reforming phan doan naphta (chita cdc hydrocacbon tir C5 = C10). Khi khéi luong
phan tlr cia hydrocacbon tang (ti 1& H/C cla nguyén liéu giam) thi ti 1& H,/CO trong
san pham gidm. Ti & nay [a 3 khi sit dung nguyén liéu metan; 2,5 d6i v6i etan; 2,1
déi voi heptan va nho hon 2 d6i v6i cde hydrocacbon ning hon. Qud trinh oxy hod
khong hoan toan khong sir dung xiic téc ciing ¢6 thé duge sit dung d€ san xuit khi
téng hop, nhung ti 1& H,/CO thap hon so véi qud trinh steam reforming.

Khi tong hop la san phdm trung gian quan trong. Hén hop CO va H, c¢6 thé
duoc sir dung dé san xudt metanol, tdng hgp hydrocacbon theo cong nghé Fischer-
Tropsch, tong hop andehit va rugu theo cong nghé Oxo. Khi téng hop I3 ngudn chinh
dé sin xudt H, dung cho sdn xuat amoniac. Amoniac lai 13 nguyén liéu ddu quan
trong dé 16ng hgp ure, nitrat amon va hydrazin. Qud trinh t3ng hgp metanol va
amoniac 1a cdc qud trinh xic tic diu tién duge dp dung v&i quy mé 16n vao dau thé
ky 20. 7

Nhi mdy amoniac dau tién duge hing BASF xay dung vao niam 1913 véi nang
suit chi c6 10 ngan tan/nam, dén nam 1995 sin lugng amoniac da ting 1én 100 tri¢u
tdn/nam. Hién nay hon 600 nha may sin xudt amoniac dang hoat dong trén thé gidi,
mdi nha mdy c¢d ning suat 1000 + 1500 tan/ngay.

Nha mdy san xuft metanol diu tién dwge xay dung vao nam 1923 d3 ddnh diu
budc khéi dau cho nén cong nghiép hod hoc hién dai. Metanol 13 ngudn nguyén liéu
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quan trong dé san xudt cdc hod chat nhu formaldehit, din xuat clo, MTBE... 40%
luong metanol duge diing dé san xuit formaldehit.

4.2. CAC PHUONG PHAP SAN XUAT H,, CO VA KHi TONG H(P
Céc phuong phép chinh san xuat H,, CO va khf téng hop bao gém:
¢ Steam reforming khi tu nhién va cdc san phdm diu mé
e Oxy hod khong hoan toan khi ty nhién va cdc sin phdm diu mo.
¢ Khi hoa than

4.2.1. San xuat hydro va khi tong hgp bang phuong phap reforming hei nudc
{stcam reforming)

4.2.1.1. Nguyén liéu ddu va phuong phdp xu Iy nguyén liéu diu

Nguyén liéu dau sur dung cho qué trinh reforming hoi nuéc ¢6 thé 13 khi tu
nhién hodc phan doan naptha.

* Khi tuy nhién

Trong khi tr nhién, ngoai thanh phan chinh 1a metan con ¢6 mot lugng nhd cic
hgp chat hydrocacbon phén tir lugng thap, N,, CO,, cdc hgp chdt chita luu huynh. ..,
ngodi ra trong khi tu nhién con ¢6 thé ¢6 vét cta hgp chit chita Cl phét sinh trong
qua trinh bdo quan. Trudc khi dua vao qud trinh reforming hoi nuée, thanh phan
condensat phai dugc tich loai d€ dam bao thanh phan khi én dinh, cic hop chét chita
luu huynh cling phai dugc loai bd bang qud trinh hydro héa va hdp phu bing oxyt
kém. N¢u ham luong Cl 16n hon 1 ppm thi can phai tdch bang qud trinh hap phu kiém.

Su ¢6 mat clia CO, trong thanh phdn nguyén liéu cta qud trinh san xuit NH, va
H, ¢6 thé lam gidm hi¢u qua cia qu4 trinh, do vay ciing cdn phai loai bd. D€ tranh
qué trinh metan hoéa, ham lugng CO, phai dam bao nhé hon 5%. Nitg 1a chat pha
loing khéng anh hudng tét qué trinh va s& thu duge cling sdn pham hydro, tuy nhién
néu san pham khi téng hop duge ding cho qua trinh san xuit metanol thi luong nito
trong nguyén liéu dau ciing cin duge loai bo.

v Naphta

Phin doan naphta ¢6 nhiét d¢ séi cudt nhdé hon 220°C thich hop lam nguyén
li¢u li¢u cho qud trinh reforming hoi nude. Ham lugng naphten trong nguyén liéu
ddu phdi nhd hon 40% dé tranh tao thanh hydrocacbon thom trong giai doan
hydrodesunfua héa trude khi dua vao thiét bi reforming hoi nude. Cic hop chat
olefin cling phai nho hon 1%.

Dé tranh ngd doe xic tdc, khi dua vio thiét bi reforming hai nuée, ham luong
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céc hop chat chita luu huynh phai nhd hon 0,5 ppm, hop chat chira clo dudi 1 ppm.
Ngoai ra ham lugng Pd (xudt hién trong qud trinh t6n chifa vi van chuyén naphta)
phai nho hon 1 ppm.

4.2.1.2. Hioa Iy ciia qud trinh reforming hoi nuéc

Muc dich cia qua trinh reforming hoi nude 1a tdch ra mét lugng hydro 1dn nhit
tu nude va hydrocacbon.

Qua trinh reforming hoi nuée so cdp khi ty nhién bao gém 2 phan tng thuan
nghich d6 1a phan tng reforming (1) va phan dng chuyén héa CO bing hoi nudc
(water-gas shift) (2).

CH;+H,0 == CO+3H, AH = +206 kJ/mol (1
CO+H,0 == CO,+ H, AH = - 41 kJ/mol (2)

Phan itng reforming (1) 12 phin dng thu nhiét va tang thé tich, do vay vé mat
nhiét dong hoc thich hgp & nhiét d6 cao, dp suat thip. Trong khi dé phan iing chuyén
héa CO bang hoi nude (2) 1a phan img tda nhiét va khang thay ddi thé tich nén thich
hop & nhiét d6 thap va khong bi anh hudng bdi su thay doi cla dp suat. Tir phan tng
(1) va (2) cho thay h¢ s6 ti lugng gita hoi nudc/cacbon 1a 1,0. Phan dng reforming
dugc ting cudng néu st dung lugng hot nudc du va trong thyuc € ti s6 nay thudng
duge duy tri & 3,0 + 3,5, Tuy nhién, hién nay dé ting cudng hi¢u qua kinh t€ cla qué
trinh, ngudi ta dang ¢§ ging gidm ti 1& hoi nudc/C xuéng thap hon.

Qua trinh reforming naphta dura trén 3 phan ung: reforming (3), metan hoa (4)
va chuyén héa CO (5).

C,Hyps + nH,0 = nCO + (2n+1) H, (3)
CO +3H, == CH,+ H,0  AH =-206 kJ/mol 4)
CO + H,0 == CO,+ H, AH = -41 kJ/mol (5)

Phan timg reforming (3) thu nhiét nhiéu hon 2 phan itng tda nhiét (4) va (5) (vi
du doi véi C;H;4 AH = + 1108 kJ/mol), do vay hiéu dng nhiét tédng cong cla qud
trinh thudng la thu nhiét. Cling giéng nhu qua trinh reforming hoi nuée khi tr nhién,
vé mit nhiét dong hoc phan tng reforming hoi nudc véi nguyén liéu diu 1a naphta
ciing thich hgp & nhiét dé cao va dp sudt thap, trong khi dé phan tng chuyén héa hoi
nudc bi ic ché ¢ nhiét d¢ cao va khong bi anh hudng cua sy thay d6i dp sudt. Néu ti
1¢ hoi nudc/naphta 16n thi s& thiic ddy phéan ting reforming. Trong thuc t&, ti 1& hoi
nudc/cacbon =3,5 + 4,5 thudng duge sit dung. Néu ti 1¢ hoi nuée/C thip thi phan ing
metan héa sé chiém uu thé, va trong mot s6 dicu kién nhiét do va dp suat dac biét thi
hiéu ing nhiét tong cong clia qué trinh s& 12 téa nhiét (bing 4.1).
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Bdng 4.1. Hi¢u ting nhiét ciia phdn iing reforming hoi meéc so cdp
d cdc diéu kién phdn g khéic nhan

Piéu kién phian g
Ap sudt | Nhigt do Ti le Phan immg (kJ/milHCII, )
(MPa) ("C) | hoi nude/C -
2,07 800 3.0 CH;; + 3H,0 —» 0,2CH, + 04CO, + +102,5
0,4CO + 1,9H, + 1,8H,0
2,76 750 3.0 CH,, + 3H,0 -» 0,35CH, + 0,4CO, + + 75
0,25CO + 1,45H, + 1,95H,0
310 450 2,0 CH, + 2H,0 — 0,75CH, + 0,25CO, + - 48
1,14H, + 1,5H,0

Phin ting chinh xay ra trong thi€t bi reforming th cdp la phan ting oxy héa

khong hoan toan metan véi lugng thi€u oxy hoic khéng khi.
CH; +1/20,== CO +2H, AH =-32,1 kJ/mol (6)

Day 1a phan wing 16a nhiét nén nhiét d6 & thiét bi reforming thir cdp c6 thé ién
tGi trén 900°C.
4.2.1.3. Cong nghé reforming hoi nuée

Qua trinh reforming hoi nudc san xudt hydro bao gém 6 giai doan xiic 1dc. Céc
phan {ing co ban va xuc tic dié€n hinh cho cdc giai doan ndy duge liét ké trong bang
4.3. Dé thu duge khi tdng hop ¢6 thé dimg & giai doan thit 3 (steam reforming thu
cap). D€ thu duge hydro cho qud trinh tdng hop amoniac cdn thuc hién cdc giai doan
ti€p theo nham lam giam ham lugng CO xuéng mitc thap nhat.

Bang 4.3. Cdc giai doan co bdn ctia qud trinh reforming hoi miede sin xudt hydro

Giai doan Phan ting Xuc tdc

Desunfua hod R-S+H, » H,S+RH Co-Mo/Al, O,

Steam reforming so cdp RH + H,0 - H,+CO+CO,+CH, | Ni/Mg (naphtha)
Ni/CaAlL,O, (CH,)

Steam reforming thi cap 2CH,; +3H,0 = 7H,+CO+CO, | Ni/CaAl,O,,

CH, + 1120, = CO + 2H, Ni/a-AlLOx,
Chuyén hod CO & nhi¢t 46 | CO + H,0 — H, + CO, Fe;0, - Cr,0;
cao
Chuyén hod CO & nhiét do | CO + H,0 - H, + CO, CuO
thap
Metan hod CO + 3H, — CH, + H,0 Ni/ALO,

100



So dé cong nghé clia qué trinh san xuadt H, 99% bing phuong phdp reforming
Xtc tac dugc trinh bay trong hinh 4.1.

DESUNFUA HOA REFOBMING . REFORMING CHUYﬁN HOA CO
i HOINUGC SO CAP  HOI NU'GC THUCAP
Hai nudac 4N
4
g =
4 o =
A » < ] g
Khi ty nhién L < Hoi nudc
Ll W
mme ClLas- 13 L |2ﬂ" LE:::{”:;‘ Q=214
0=t 254057
CO; 000, 1%
<_| L I
—>
\I_T 095 H,
v Thai
Thii
TACH CO, METAN HOA

Hinh 4.1: So dé sdan xudt H, bang phwong phdp reforming hoi
Diéu kién phan ing: Py,o/Pey, = 2,5 + 4;
Tyiu s = 900 + 1100°C; Pz, o = 2 + 3 MPa

a. Lam sach RH

Trong nguyén liéu dau hydrocacbon ¢6 chita cic hop chat lvu huynh ¢6 thé gay
ngd doc cho xiic tdc cla qua trinh chuyén hod, vi vy cdc hgp chat nay can duge lam
sach khéi nguyén liéu ddu. Cic hop chat luu huynh duge chuyén sang dang H,S bing
qua trinh hydrodesunfua hod (HDS) véi xic tic Co-Mo/Al,O;.

Sau d6 H,S dugc hap phu bing ZnO (bé mat riéng 25 m?/g)

101



H,S + ZnO — Zn$ + H,0

Ham lugng Iru huynh duge giam xudng mdce nho hon 0,01 ppm. Cac hop chat
clo gdy an mon céc thiél bi trao ddi nhiét va gay ngd doc xic tdc khi hod nhiét do
thap ciing duge giam xudng mic dudi 5 ppb su dung chat hap phu Al,O, di duoce x{r
Iy v6i kiem.

b. Reforming hoi nudc so cdp (Primary steam reforming)

Hydrocacbon sach va nuéc mém duge tron véi ti 1& H,0:C=2,5-4 (tuong ing
vdi ndng do CH, 1a 20 + 25% & ddu vao). Hon hgp nguyen liéu ddu duge gia nhiét
dén 400°C, dp sudt 2 + 3 MPa va duge dua vao thiét bi phan @ng gém hang tram 6ng
chifa xtc tdc véi dudng kinh 25 + 50 mm lam bang hop kim Cr-Ni. Cdc ng phan ting
duge dat trong mot budng dot va duge gia nhiét qua thanh 6ng. Dé dam bdo an toan
cho thié€t bi, nhiét do diu ra thuong chi duy tri ¢ 800°C va ham lugng H,O khong
vuot qud 80%.

Diéu kién phan dng d8i v6i nguyén liéu dau metan va naphta rat khac nhau.
Dai véi nguyén liéu ddu 1a CH,: nhiét do 800 + 900°C, t 1¢ H,O/CH, = 1,8 + 3.
Nhiét do phan tng d&i vdi nguyeén liéu naphta thip hon khoang 100 + 200"C (600 <
800"C) va ti 1&¢ H,0:C cao hon (2,5 + 4). D€ gidm thé tich thiét bi phan tng va giam
sy chénh léch dp sudt gifta ddu vao va dau ra cla thiét bi trong ca hai trudng hop dp
sudt duge duy tri & 2 = 3 MPa va t6c d6 thé tich khi tir 2500 + 8700 h''.

c. Reforming hoi nudc thir cdp (Secondary steam reforming)

Khi di ra tir thi€t bi reforming hoi nuée so cdp ¢b chira 10 + 13% CH; s€ duge
tiép tuc phan (ng trong thiét bi reforming thit hai dé giam lugng CH, xudng < 1%,
tang ham lugng hydro trong sin phdm.

Qu4 trinh dugc ti€n hanh trong thi€t bi phan ing doan nhiét. Nhiét dé phan tng
cao hon qud trinh reforming hoi nudc so cap. Nhiét do ddu vao 800°C, ddu ra 900-
1000°C.

Nhiét phan tng dugc cung cip thém bdi phan dng oxy hda cua oxy véi CHy,
H, va CO bing cdch dua thém oxy vao vdi ti 1& O,/C khodng 0,22. Trong trudng hop
téng hop amoniac, ¢6 thé ding khong khi thay cho oxy nguyén chét. San phim cé
ham lugng CH, < 1%, CO =10 + 13%

d. Chuyén hod CO ¢ nhiét dé cao (High temperature water-gas-shift)

Khi san pham tir Steam Reforming thi cdp ¢é chuia 10 + 13% CO s& dugce tiép
tuc xir 1y dé lam tang ham lugng H, va gidm ham lugng CO xudng khoang 2 + 3%
trong thiét bi 1ép xc tdc ¢6 dinh, & ché do doan nhiét (AT = 50°C). Nhiét do phan
ng 350 + S00°C, dp suat 2 + 3 MPa va t6c 6 thé tich : 400 + 1200 h™".
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Vé mat nhiét dong hoc, phan ting thich hgp & 200"C, tuy nhién tai nhiét do nay
xiic tdc Fe,O, ¢6 hoat tinh khéng cao, Cr,0O, déng vai trd chét trg xuc téc, lam cho
xdc tic Fe;0, khong bi thiéu k&t (két tu). Xic tdc duge diéu ché bing phuong phdp
déng két tha. Dang hoat tinh cla xic tdc (Fe,04) duge tao ra bang phan dng khir cua
Fe,0, bang CO va H, trong dong khi phan ing.

Fe,0- + H, + CO > Fe 0, + H,0 + CO,

Hoi nudc duge thém vao trong qud trinh hoat héa xic tdc dé diéu khién nhiét
dé va tranh phan ting khir hoan toan Fe,O; thanh Fe kim loai.

e. Chuyén hod CO & nhiét do thdp (Low temperature water-gas-shift)

Ham luong CO trong khi san phim clia qud trinh khi hod & nhiét d cao vao
khoang 2-3% cin dugc tiép tuc giam xudng dudi 0,2% trong thi€t bi khi hod & nhiét
d6 thap. Qué trinh dugc tién hanh trong thiét bi phan tng véi 16p xiic téc c6 dinh &
ch& do doan nhiét (AT = 15°C).

Nguyén liéu tir thiét bi chuyén héa CO & nhiét dé cao dugc ha xudng nhiét do
200"C trude khi dua vao thiét bi chuyén héa nhiét do thap. Qud trinh duge tién hanh
& nhiét do 230°C, 4p sudt 1 + 3 MPa, t6¢ do thé tich (GHSV): 3600 h™'. Xic tdc ¢6
hoat tinh cao CuO/ZnO/AL,O, § dang hinh cdu thuong chia 30% CuO, 35 + 55%
ZnO va 15 + 35% Al,05. ZnO ¢6 vai trd trdanh cho CuO khong bi thiéu ket. ZnO va
AL O, s& hap phu cic hop chit chia S va Cl, bao vé cho CuO khong bi ngd doc boi
cdc hogp chit nay.

f. Metan hod (Methanation) hay qud trinh tdch COICO, cudi cung

Tuy ham lugng CO trong khi san phdm cia qua trinh khi hod & nhiét do thip
chi 12 0,2 = 0,5%, nhung dé sir dung khi tdng hgp lam nguyén li¢u cho qua trinh téng
hop NH; vén cén ti€p tyc giam lugng CO xuéng 5 ppm.

Lugng CO, trong khi san pham duge gidm xudng 0,1 + 0,2% trong thiét bi rua
bing amin va dugc thu héi cho céc muc dich s dung khdc.

Qud trinh metan hod dugc tién hanh trong thiét bi doan nhiét, 1dp xdc tic c6
dinh, st dung xdc tac NifAl,O5. Qua trinh dugc tién hanh & dp sudt 3 MPa, nhi¢t do
diu vao 300"C, dau ra 365"C, t6c d6 thé tich 6000 <+ 10000 h™’

4.2.2. San xuit khi tdng hop baing phuong phip oxy hoa khéng hoin toan

Vé 1y thuyét, qua trinh ndy 6 thé dung cho bat ky dang nguyén liéu nao tir khi,
1ong hay rin, tuy nhién qué trinh thudng st dung céc loai nguyén liéu ré tién, san cé
nhi: khi tu nhién, hydrocacbon nang (phan doan FO), than di... D61 khi qua trinh
nay con duge goi 1a qud trinh khi hod (gasification).
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Qud trinh dua trén cdc phén tng sau:
- Phan iing chdy: xdy ra & nhiét do cao — CO 14 sin phim chinh
CH, + 3/20, - CO + 2H,0
- Phan tng ciia CO v6i hoi nude (hoi nuée duge tao ra trong phan Gng chdy
hoac duge dua thém vao)
CO+H,0 == CO,+H,
- Phan ting phan huy hydrocacbon
CH, == C(khi)+2H,
- Vi su c6 mat cia CO, va hai nudc, C tao thanh s& tiép tuc tham gia céc phan
ing sau:
CO, +C == 2C0
C+H,0 == CO+H,
D6i v6i qua trinh sir dung nguyén ligu dau 13 khi tu nhién, phan tng
tdng quat:
CH, + 1/20, > CO + 2H,
Trong trudng hop nguyen li¢u ddu 1a cdc hydrocacbon nang hon, phan tng X4y
ra nhu sau
C.H, + (2n+m)/40, — nCO + m/2H,0

Vi ti k¢ H/C trong nguyén li¢u gidm, nén phin ing ¢é xu huéng tao thanh
nhi¢u CO hon, luong H,O tao ra trong phan tng chay giam, nén can phai thém hoi
nudc vao.

Qud trinh tod nhiét, do vay nang lugng tiéu thy thdp hon trong phan (ng steam
reforming. Téc d6 phan ling 16n nén thiét bi phén dng rat nhd. Chi phi cho thiét bi
chi bang 30% so véi cac phuong phdp truyén thong.

Trong trudng hop sir dung nguyén liéu ddu 12 khi ty nhién, sin phdm thu duoge
c6 ti [¢ H,/CO = 2 rat thich hop cho qué trinh téng hop FT va t8ng hop metanol.

So d6 cong nghé sin xuat khi t8ng hop bing phuong phap oxy hod khéng hoan
toan ctia hang Texaco va Shell duge trinh bay trong hinh 4.2 va 4.3,

Ca hai s0 d6 nay déu ¢6 cong doan thu héi cacbon tao thanh bang céch rira véi
nudc, sau dé trich ly phan bun bing naphta. Tiép theo phan trich duge tron véi
nguyén li¢u ddu va dua tryc ti€p vao thi€t bi oxy hod (cong nghé Shell), hoic xir ly
bang trudc bang cich gia nhiét va tich véi su ¢ mit cla hydrocacbon ning hon (nhu
FO hoac dau tho) d€ tich va tuan hoan naphta (cong nghé Texaco).
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4.3. CAC PHUONG PHAP TACH VA XU LY KHI SAN PHAM

Thanh phin cta khi téng hop thu dugc tir qud trinh steam reforming khi tu
nhién va qua trinh oxy hoa khong hoan toan phan doan FO nang dugc so sidnh trong
bang 4.4.

Bdng 4.4. Thanh phan khi t6ng hop ctia qud trinh steam reforming
khi tit nhién va oxy hod khéng hoan toan FO ndng

\ Qud trinh Oxy hod khong hoan toan Steam reforming
Nguyén liéu Khi ty nhién | Naphta FO | Than da Khi tu nhién
Cau tu
H, 61 51 47 40 55-57
CO 35 45 47 35 12 -15
CO, 2-3 2-3 4 21 7-12
CH, - - 1 2 -
N, 0-1 0-1 - 2 22-24
Tap chat khéac 2-0 2-0 1 - 4-2

4.3.1. San xuat hydro

H, (1, = =249,4°C, d = 0,0697) ¢6 thé dugc san xudt tir nhiéu nguén khdc nhau:
12 sdn pham phu cla qu4 trinh san xudt cdc, cracking hoi nudc, reforming xiic téc, tir
qud trinh oxy hod khong hoan toan, reforming hoi nu¢c, tr qud trinh dién phan
nudc...

Tir bang 4.4 cho thdy sin phim khi téng hop la qud trinh oxy hod khong hoan
todn vi qud trinh steam reforming ¢6 chita nhiéu CO, vi vay dé c6 thé san xuét hydro
cho qud trinh 1éng hgp amoniac cdn cic cong doan chuyén hod CO, tich CO, va céc
tap chat.

Khi san phim thu dugc sau qud trinh chuyén hod CO & nhiét do thap
(L.T.W.G.8) can qua cic giai doan tach cac tap chat sau:

o Tich 4m: bing phuong phdp 1am lanh ngung tu hodc hdp phy bang zeolit.

o Tach khi axit, dac biét 12 CO, hodc H,S sinh ra trong qua trinh oxy hod

khong hodn toan cde nguyén léu dau khong duge khir luu huynh.

s Tdach vét CO con lai.

Hinh 4.4 mo6 ta cdc cong doan trong qua trinh sin xuat H, ti kh{ tdng hop cla
qud trinh reforming hoi nudc va oxy héa khéng hoan toan.
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Hinh 4.4. Sdn xudt Hy ny khi 16ng hop

4.3.1.1. Tach khi axit

Phu thudc vao ngudn nguyén liéu, phuong phédp san xudt, loai xtc téc s dung

cho qud trinh chuyén hod CO véi hoi nudc, ¢ cdc qua trinh tdch khi axit sau day.

(a) Tach bang hip thu hod hoc thuan nghich, giai hdp thu bing cdch tang nhiét
do va giam dp suat. Céc dung moi duge str dung bao gém: Alkanolamin
(monoetanolamin, dietanolamin, trietanolamin, diisopropylamin va
diglycolamin), mudi kiém: cacbenat natri hoac kali, k€t hgp v6i amin hoac
khong va dung dich amoniac.

(b} Tach bing hip thu vat 1y: hiéu qua hap thu phu thudc vao 4p sudt riéng
phan cta khi axit. Cdc dung méi duge st dung bao gém: dimetyl ete,
metanol, N-metylpyrolidon, propylen cacbenat, polyetylen glycol/metyl
isopropyl ete.

(c) K&t hop giita hap thu hod hoc va hap thu vat ly: st dung hén hgp dung moi
dé két hop kha ning hdp phu hod hoc va vat Iy nhu: metanol va etanolamin,
sunfolan va diisopropylamin.
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(d) Hdp phu: s dung oxyt sit. oxyt kém, than hoat tinh va sang phan tir.
(¢) Mang tham thdu: mang Pd, hoac cdc mang vat li¢u polyme (mang polyamit,

polyeste, polysunfon. polyvinyl trimetyl silan, polytetrafloctylen, axetat
xenlulo,..)

(f) Lam lanh sau: ding metan long hoac nito 1dng.
4.3.1.2. Tdch vét CO
D¢ tich CO ¢ dang vét, cé thé dp dung cic phuong phdp sau day:

(a) Hap thu bang dung dich muéi déng (axetat amon déng, format amoni
dong), bing metanol fanh hojc tetraclo nhom déng.

(b) Metan hoi (di trinh bay trong muc 4.2.1.3).
(¢) Oxy hoi xuc tic CO thinh CO,: phuong phip nay khong chon loc nén it
duge st dung.

4.3.2. San xuat CO

Cic phuong phdp duge sir dung trong cong nghiep dé tach CO tir khi téng hop
bao gém: hap thy va tdch bing k¢ thuat lam lanh sau. Phuong phédp hip phu thay déi
dp sudt cling 6 the duge sir dung néu him lugng CO trong nguyén licu dau dudi
40%.
4.3.2.1. Sdn xudt CO bdng phuong phdp hdp thu

CO duge tich bing dung dich clo amoni déng véi su tao thanh phic cua CO
véi mudi dong theo phin ting thuan nghich sau day:

Cl" + Cu(NH;),* + CO == Cu(NH,),CO* + CI”

D¢ gidm an mon va gidm lugng Cu bam trén bé mat thiét bi phan itng, céc ion
clo duge loai bo bing cich st dung cdc axit hitu co y&u hon nhu axit formic, axit
axetic... Qud trinh hdp thu duoc tién hanh trong thdp hip thu nguoe dong & 2 MPa,
nhiét do nguyén li¢u vao 40°C, nhiét do dong san phim ra 65°C. Phic thu duge s&
dugc nha hip thuy bing cdch gia nhiét dén 100 + 105°C va dua sang thdp tai sinh lam
viéc & dp sudl thap 0,15 MPa.

4.3.2.2. Sdn xudt CO bdng phuong phdp lam lanh sdu
Trong cong nghiép qud trinh ndy duge thue hién bing hai ciéch:

a. Ngung tu: Nguyén lieu diu sau khi duge sdy kho dé gidm ham luong dm
xuong dudi 1 ppm duge xur 1y qua cdc cong doan sau:

* Lam lanh xudng —185"C bang cdch trao d6i nhiét vai ddong san pham lanh.
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» Ngung tu mot $6 cfiu .

e Tach khi/léng.

Sau inéi budc, hon hop khi duoc giam 4p sudt. DE giam sy mat mdt ning luong
vi tang do tinh khiét ctia san pham cén tién hanh cdc cong doan phu tro sau day:

e Gidn no khi trong turbin dé lam lanh.

» Bay hoi mét phan bing cdch gidn nd san phdm bi hod 1dng.

* Téch cdc cau tir trong pha long bang phuong phdp chung cat, N, va CO thu

duge & san pham dinh, metan thu dugce & ddy.

b. Hadp thu bang metan 16ng.

Nguyén liéu sau khi sdy tdch 4m, duge 1am lanh xuéng khoang —120°C bing
cich trao d6i nhi¢t v6i dong san pham lanh v duoc dua vio diy thip dia. Metan
tong dugce dua vio tir dinh thdp. Qud trinh hap thu xay ra & dp suit 1,6 MPa, hydro
khong hip thu ¢6 d¢ tinh khiét hon 98,5%. Sau khi gifin n& va bay hoi mo6t phan,
phan trich duge dua vio thdp chung 1am viéc & ap suidt 0,2 MPa, CO thu duge & dinh
thdp, metan long thu & ddy thdp dugc tudn hoan lai thap hap thu.

4.4. UNG DUNG
4.4.1. Téng hop amoniac
Qud trinh dugce tién hanh theo phuong trinh chinh sau:
3H, + N, = 2NH, AH (500°C) = ~109 kJ/mol N,

Phan mg giam thé tich va toa nhi¢t manh, vé mat nhiét dong hoc thuan 1oi tai
dp sudt cao va nhiét o thip. Do viy yéu cdu xdc tdc ¢é hoat tinh cao dé c6 thé tién
hanh & nhiét do thap. Xic tdc oxyt st (Fe;0,4) ¢6 bd sung mot sd chat tro xic tic
nhu Al,O; dé tang dién tich bé mat, K,0, Si0,, MgO, CaO d¢ tang d6 bén, tang hoat
tinh va tang kha nang chéng chit doc xic tdéc. Thé hé xic tic mdi cé thé chiva Ru
thay thé cho Fe hoac két hop véi Fe, dugc bd sung cdc chit trg xiic tde nhu Rb, Ti va
Ce.

Nhi¢t do phin tng khoang 450 + 500"C, 4p suat 20 + 25 MPa. Céc khi nguyén
ligu phai khéng c6 cic tap chit 1a cac hgp chat clia luu huynh, asen, phospho va clo
dé trdnh ngd doc xdc tdc. Ham luong cic hop chat chira oxy ciing phdi han ché dén
mirc thap nhit (vi du: O,, CO, < 1 ppm; CO, H,0, CO + CO, < 2 ppm).

Cic so do khéi clia qué trinh téng hop amoniac tir cdc ngudn nguyén lieu khic
nhau dugc trinh bay trong hinh 4.5 (a va b).
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So d6 dua trén nguyén liéu khi t6ng hop 12 sdn phidm cla qué trinh oxy hod
khong hoan toan bao gém céc cong doan sau:

e Chung cat khong khi

s Oxy hod khong hoan toan hydrocacbon voi oxy

e Tédch cacbon va thu hoi nhiét

+ Tach H,S va chuyén hod luu huynh

¢ Chuyén hod xic tic CO bing hoi nudc

o Tich CO,

s Tdch CO bang nito long

So dé dwa trén nguyén liéu khi téng hop l1a san pham cla quéa trinh steam
reforming bao gém cdc cong doan sau:

¢ Reforming so cip

s Reforming thit cdp (chuyén hod CH, con du bang khong khi)

e Chuyén hod xic tdc CO bang hoi nuée

e Tach CO,

¢ Tich CO bing phuong phdp hip thu vdi musi déng hoac vdi metanol hoac

bang phuong phdp metan ho4.

4.4.2. Tong hgp metanol
Metanol duge st dung lam nguyén liéu dau cho cdc qud trinh san xudt
formaldehit, clorometan, amin, metyl metacrylat, MTBE... va lam dung méi.
Qué trinh tdng hop metanol dua trén hai phan (ing toa nhiét sau:
CO+2H, == CH,OH AH (298) = - 90,6 kJ/mol (1)
CO, +3H, == CH,0H+H,0  AH (298) = - 49,5 kJ/mol 2)

Phan ting thi hai ¢é thé duge xem nhu hé qua clia phan @ng thd nhdt va phan

ttng nghich cua qud trinh chuyén hod CO bang hoi nudc
CO,+H, == CO+H,0 AH (298) = 41,3 kJ/mol 3

Metanol ¢6 thé duge tdng hop tir hén hop H,—CO hoac H,—CO,, tuy nhién hén
hop phin tng chita déng thoi H,—CO-CO, cho hiéu sudt metanol cao gip 6,7 lan.
Tuy thudc vao thanh phdn CO va CO,, dé dat duge do chuyén hod yéu cau hén hop
khi phai ¢é ti 1¢ mol H/C bang 2 + 3. Hén hgp ndy cé thé thu dugc tir qua trinh oxy
hod khéng hoan toan, khi hod hoac steam reforming.

So d6 khdi cha qua trinh tdng hop metanol tir cac nguén nguyén liéu khac nhau
bang cdc phuong phdp khdc nhau duge trinh bay trong hinh 4.6 va hinh 4.7a, b.
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Hink 4.6. So d6 khol ciia qud trinh tong hop metanol
Ur san phdm ciia qué trinh steam reforming

Qud trinh téng hop metanol tir sin phim cia qud trinh steam reforming don
gian hon nhiéu so véi qud trinh san xuat hydro tinh khiét vd quid trinh tong hop
amoniac. Trong so dé hinh 4.6 giai doan chuyén hod CO, tich CO, va metan hod
dugc loai bo, tuy nhién lai cin mot mdy nén phu tro. Qud trinh bao gém hai b¢ phan
chinh. +

{a) Xu 1¥ nguyen liéu dau: nhim tach cic hop chit luu huynh va céc tap chat

khac ¢6 hai cho xic tic nhu clo.

(b) Steam reforming.

So do khéi cita qud trinh téng hop metanol tir san pham khi 8ng hgp cia qud
trinh oxy hod khong hoan toan ciing tuong tu nhu cdc qua trinh san xuat hydro va
amoniac. Do sy ¢6 mat cla cdc hgp chat chia luu huynh trong nguyén licu dau, cé
hai loai so d6 cong nghé duge ting dung tuy thudc vio xuc tic su dung trong qua
trinh chuyén hod CO (hinh 4.7 a va b)

* S0.do a): xiic tdc trong qud trinh chuyén hod CO khong bén véi cic hop chat
cla luu huynh. Do vay nguyén lieu dau phat khir cdc hop chat luu huynh t6i
ham lugng 0,05 + 0,1 ppm. Sau d6 sin phim khi duge dua qua thiét bj
chuyén hod CO va duoc tron voi mot phin khi chua chuyén hoa CO.
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* S0 do b): xiic tdc bén véi cdc hop chat luu huynh. Mot phan san pham sau khi
ra khoéi thiét bi oxy hod khong hoan toan dugc chuyén hod CO vi sau dé
dong thoi duge tach CO, va H,S.
Trong ca hai trudng hop trude khi dua vio thiét bi tdng hop metanol, dé bao vé
xlic tdc, khi t6ng hop cén dugc dua qua I8p oxyt kém dé loai bd luu huynh.
» Xdc tdc: Hai loai xtic tic chinh duge sir dung trong cong nghiép

(a) Xic tic Zn-Cr: he xic tdc nay duge sit dung cho hiu hét cdc qua trinh san
xudt metanol trong céng nghiép cho dén cudi nhimg nam 1960. Pay 14 mot hén hop
déng thé cua oxyt kém va oxyt crom. Hé xic tdc nay cé hoat tinh tuong doéi thiap, doi
hoéi phai ti€n hanh & nhiét do 300 + 400°C, tai nhiét d6 nay, dé dam bao do chuyén
hod yéu cdu thi dp sudt phdi duy tri & 30 + 35 MPa nén khong kinh t€. Do vay hé xtc
tic nay dan din dugc thay thé bing xic tdc trén co s& Cu.

(b) Xic tdc trén co 36 Cu: hé xiic tdc nay ¢6 hoat tinh cao hon nhung nhay
cam vdi cdc chat doc, dac biét 1a cdc hgp chat chda luu huynh vi halogen. Xuc tic
cho d¢ chon loc cao hon, it san pham phu, thdi gian séng dai hon, 1am viéc & diéu
kien mém hon: nhiét do 240 + 270°C, ap suat 5 + 10 MPa.

4.4.3. Tong hop Fischer- Tropsch (FT)

Qui trinh téng hop FT dugc ing dung sin xuat hydrocacbon 16ng t khi téng
hop. Cic phan ing chinh xay ra trong qu4 trinh metan hod va téng hop FT.

CO + 3H, —» CH, + H,0 (1)
nCO + 2nH, - C H,, + nH,0 (2)
nCO + (2n+1)H, —» C H,,,, + nH,0 (3)
Ngoai ra trong qua trinh con xay ra cdc phan ing phu:
CO + H,0 - CO, + H, (4)
2C0 - C+ CO, (5)

Ni ¢6 hoat tinh cao d8i véi phan tng (1), Co, Fe, Ru ¢ hoat tinh cac d6i véi
(2) va (3). Qud trinh dugc ti€n hanh & nhiét do 180 + 250°C, ti 1¢ H,/ CO = 2.

4.4.4. Tong hgp Oxo hay phan tng hydroformyl hoa

Qua trinh tdng hop Oxo nhim san xuit andehit va rrgu cao duge Rohlen phdt
hién vio nam 1938.

bay la qud trinh dua hydro va nhém formyl (~CHO) vio lién két doi cua
olefin. Phan ing chinh xay ra nhu sau:
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Olefin + CO + H, — andehit — rugu
CH,=CH, + CO + H, -» CH,CH,CHO — CH;CH,CH,0H
RCH=CH, + CO + H, -» RCH,CH,CHO —» RCH,CH,CH,OH
Qué trinh tién hanh véi ti 1€ CO/H, = 1/1 + 1/1,2. Nhiét do 110 + 180"C, dp
suat 20 + 35 MPa, thoi gian heu 1+ 5 phit.

Trude day diing xidc tdc octocacbony! coban: Co,(CO)y va hydrocacbonyl
coban: HCo(CO),. Hién nay xic tic chit yéu dugc s dung la hydrocacbonyl rodi:
HRh(CO),.

4.4.5. San xuat axit formic
Qua trinh duge tién hanh dua trén hai phan ing chinh sau
CH,OH + CO - HCOOCH, (1)
HCOOCH, + H,0 —» CH,OH + HCOOH (2)
Phin tng téng cong: CO + H,O - HCOOH
Giai doan | sir dung xic tdc natri methoxyde NaOCHj, dp suat 4,5 MPa, nhiét
do6 80°C. Giai doan 2 (thuy phan metyl format) sir dung Xuc tdc axit manh.
4.4.6. San xuat axit axetic

Qua4 trinh dua trén phan ing cacbonyl héa metanol:
CH,0H + CO —» CH,COOH

Phan tting thich hgp trong pha 1ong & nhiét do 220 + 250°C, dp suat trén 30 MPa
(qud trinh BASF: Nhiét d6 250°C, dp suat 65 + 70 MPa, xic tdc & dang hop chdlt co
kim hodc mudi coban, vi du Col,).

Véi su ¢é mat cha nudc (trén 30% thé tich) va xic tdc thé hé mdi, dp sudt
¢6 thé giam xudéng 3 + 7 MPa, nhiét d3 150 + 200°C (qua trinh Monsanto: nhiét do
180 + 200"C, 4p suat 3 + 3,5 MPa). H¢ xdc téc sir dung thudng ¢6 3 thanh phdn: cdu
tor hoat dong (oxyt, hgp chit ¢o kim, mudi cha kim loai quy, vi du: rodi-clo-
cacbonyl-bisphenylphosphyl:  Rh(CO)PC¢Hs);],Cl hodac rodicacbonyl iodua:
[Rh(CO),1,]) , chdt trg xic tdc (halogen hodc hgp chat halogen héa, vi du metyl
iodua: CH;l) va dung moéi (vi du hén hgp axit axetic va nuée). Pha hoat tinh va chat
trg xtic tic cé néng do twong tng 1a 107 vA 1 mol/l.
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Chuong 5
SAN XUAT AXETYLEN

5.1. GIGI THIEU CHUNG

Axetylen la nguén nguyén liéu chinh cho cong nghi¢p hod chat truge khi phat
hién ra dau mé. Phuong phdp truyén théng dé sin xuat ra axetylen 1a di tir cacbua
canxi, tao thanh tir qué trinh tuong tdc clia c6c véi voi & nhiét d¢ cao. Tuy nhién, qud
trinh nay ngay cang trd nén khéng kinh t€ vi chi phi nang lugng qud 16n. Chinh vi
vay, sdn xudt axetylen theo phuong phidp cacbua canxi chi con tap trung & nhiing
vung ¢6 trit lugng than 16n va gid dién ré. Thay vao dé, cic quad trinh hé quang dién
keém theo oxy hod khong hoan toan khi ty nhién hodc phan huy nhiét metan va cic
hydrocacbon khic da duge nghién ctru thiét k€ va dua vao phuc vu san xuat quy mé
cong nghi¢p. Bén canh d6, cic dong san pham olefin chita 0,1 + 0,8% axetylen, tuy
thuéc ngudn nguyén liéu va diéu kién cracking, cting dugc xem nhu mot nguén cung
clp axetylen.

Cang v6i sy phat trién manh mé clia cong nghiép hoa dau, nhu cdu vé axetylen
gidm di nhanh chéng vi sy sdn c¢6 véi gi4 thinh thdp cua etylen sdn xudt tir naphtha
va céc olefin khdc. Tuy nhién, axetylen vin ti€p tuc dugc sir dung 1am nguyén liéu
cho tdng hop hod ddu nhd kha nang chuyén hod cao ciia né, va véi cong nghé méi di
dugc thir nghi¢m, céc qud trinh chuyén hod nay khong tao ra sin phdm phu. Mot yéu
16 nifa citng gép phédn vao viéc duy tri st dung axetylen, dé la phan 16n axetylen
duge san xudt tir cdc nha mdy cii c6 von dau tu thip nén gid thanh san pham ciing
gidm di déng ké.

5.2. TINH CHAT KY THUAT AXETYLEN

Axetylen & dang tinh khiét 1a chat khi khong mau, khéng mui, khong doc, dé
bét chdy. Tuy nhién thuc t& axetylen ¢6 mui tdi do su ¢4 mat cta cdc tap chat. N6 c6
kha nang hoa tan trong axeton, etanol, nudc va rat nhiéu dung moi phan cuc. Khi
chdy, axetylen tao ngon lira néng va c6 muoi. Day 1a mét hgp chat khong bén, ¢6 thé
phan huy no khi 4p suat riéng phdn cia né trong hén hgp vuot qué 0,14 MPa. Trong
$6 tat ca cdc hydrocacbon, axetylen 1 hgp chat hinh thanh tir phan tng thu nhiét 16n
nhat. Bang 5.1 dua ra mot s6 théng s6 ky thuat cia axetylen.
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Bdng 5.1. Cdc thong s6 k¥ thudt cua axetylen

Thong so Pon vi Gia tri

Khéi lugng phan tu dvC 26,04
Nhi¢t d6 néng chay °C -80,85
Nhiét do chuyén tinh thé °C -140,15
Giéi han nd trong khong khi % thé tich

Dudi 2,5

Trén 81,5
Ty trong hoi (khong khi = 1) 0,91

5.3. NHIET PONG HOC QUA TRINH TONG HOP AXETYLEN

Caé ba yé&u 16 chinh lién quan dén van dé nhiét déng hoc ciia axetylen trong qua
trinh t6ng hop hydrocacbon nay, dé 12 nguyén liéu, ning luong va thdi gian phan
ang.

5.3.1. Nguyén liéu

Axetylen ¢6 thé dugc tdng hap tir than dd hoac cac hydrocacbon khic. Trudc
nhiing nam 1930, phuong phdp di tir than da, véi hop chit trung gian 1a cacbua canxi,
la con dudng duy nhat dé san xuat axetylen, nguyén liéu co ban cho cong nghiép hod
hitu co. Tir khoang nhitng nam 1940, than dd da dugc thay thé bing metan va cic
hydrocacbon khéc. Trong s6 cdc hydrocacbon nay, chi ¢6 metan 1a loai nguyén liéu
san ¢6 vdi trir lugng 16n trong tu nhién va duge ding phé bién cho qué trinh sin xuat
axetylen. Con cdc loai hydrocacbon khic nhu etan, propan va butan thuong duoc
chuyén hod thanh cic olefin twong iing hon 12 chuyén ho4 thanh axetylen. Diéu nay
xudt phdt tir mot thyc t€ 1a khi s6 nguyén tr C trong nguyén liéu tang, hiéu suit
axctylen gidm, vi mac di lugng nhiét cdn cung cdp cho qud trinh téng hop gidm
nhung lai hinh thanh rat nhiéu san phim phu.

5.3.2. Nang luong

Vi nguon nang lugng cdn cho phan dng hinh thanh axetylen 16n hon rit nhiéu
so vGi nang luong can phan huy né nén viéc tang nhanh chéng nhiét 46 moi trudng
phin itng tdi nhi€t do cao s€ thudn lgi hon cho qud trinh tao axetylen. D€ dat duoc
muc dich nay, cic phuong phdp cdp nhiét sau thudng duge sir dung:

* Ti€p xtc véi vat litu rin ndéng: khi duge dua vio mot dng dan cé gia nhiét bén

ngoat hodc nhiét duge truyén gidn ti€p bang céch din khi qua vat liéu rin di duoc
gia nhiét trude dé.
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= San xuat khi d6t tai ché va oxy hod mot phan nguyén liéu.
» Phéng dién.
® Sir dung luu chat dang plasma.

5.3.3. Thoi gian phan Gng

K&t qua phan tich nhimg thay ddi vé méi trudng phan tng v thai gian cho thay
phan tng phai dugc ngat quang dé ngin ngira sy phan huy axetylen tao thanh. Diéu
nay c6 thé thuc hién duge bang cich lam lanh moi trudmg phan ing nhd phun hru
chdt lanh (lam lanh nhanh). D¢ dam bdo ring cong doan cén thiét nay khong 1am mat
mat nang lugng cua qud trinh, cdc k¥ thuat mdi day da sit dung mot hydrocacbon
khdc hap thu nhiét clia hé théng, va hop chdt nay sé& tao ra sin phim cé gid tri sk
dung nhu etylen.

5.4. CAC PHUONG PHAP SAN XUAT AXETYLEN

Mac du c6 thé di tir nhiéu nguén khdc nhau, nhung chi ¢6 ba phuong phip
chinh d€ san xuat axetylen do 1a: thuy phan cacbua canxi, hé quang dién va oxy hod
khong hoan todn khi tu nhién. Céc qud trinh ¢6 dién lién quan dén cracking nhiét da
tr& nén khong con phu hop nira. Nhiing tién b6 trong cong nghé gdn day da gitp tao
ra cdc qud trinh hé quang plasma, cracking ddu tho va thiét bi phan tng cracking tién
ti€n. Tuy nhién cdc tién bo nay da phdn méi chi dimg lai & quy mé thit nghiém do
nhu cdu vé axetylen khéng cao.

O Tay Au, trir Dic sir dung naphtha, nguyén liéu chinh d€ sin xuAt axetylen dé
la khi tu nhién. Trong khi d6 & Nhat, phuong phdp phé bién 1a di tir cacbua canxi.

D¢ san xudt axetylen cong nghiép tir ngudn nguyén liéu hydrocacbon, cé rat
nhiéu phuong phdp cdp nhiét khdc nhau. Day ciing chinh 12 diém khéc biet giita cdc
cong nghé.

*Céc qud trinh cép nhi¢t tryc tiép bing ho quang dién (cong nghé Hiils,
DuPont), hoac bang Plasma (cong nghé DuPont, Hiils, UCC, Cyanamid).

* Céc qud trinh cdp nhiét gidn ti€p st dung khdi 1iép xdc (cong nghé Wulff),
hoic hai & 2000°C (cong nghé Kureha).

= Céc qua trinh ty nhiét, trong dé ning luong cin cho qua trinh cracking duogc
cung cap nhd d6t chdy mét phan nguyén liéu. Cic cong nghé dién hinh gém c6
BASF (nguyén li¢u dau la naphtha), k¥ thuat ngon lira chim (BASF di tir nguyén liéu
dau tho va SBA tir metan), Hoechst HTP (dét chdy khi cracking dé cip nhiét cho
phan ting).
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5.4.1. San xuat axetylen tir than da - Qua trinh cacbua canxi

Theo phuong phdp ndy, voi (oxyt canxi) s& bi khir bdi cacbon (than ¢8¢ hoiic
antraxit) trong 16 dién & nhiét d6 2200 + 2300°C. Phéan (ing x4y ra nhu sau:

CaO + 3C = CaC, + CO AHg; = 465 kJ/mol
Cacbua canxi hinh thanh ti€p tuc duge thuy phan thanh axetylen:
CaC, + 2H,0 - G,H, + Ca(OH), AHY%, = —139 kJ/mol
Qu4 trinh san xudt thuc t€ gém hai giai doan:
@® San xuit cacbua canxi:

Ngay nay, cacbua canxi dugc sdn xudt trong cdc 16 kin, 16t bén trong bang gach
chiu lta va duge trang bi 3 dién cuc dat thanh hinh tam gidc. Cic dién cuc nay ducce
san xudt ngay tai ché bang chinh vun céc va véi clia qud trinh phan tng (dién cuc
Sodeberg). Cdc dién cuc niy dugc treo thing ding phia trén 1o va dugc nhiing dan
vao hén hop than/véi, lam ching néng chdy vi phan tng véi nhau. Cac dién cuc nay
lién, nhung thuong ¢ nhitng 16i 1éng cho phép dua cic vun nguyén liéu qua hoac
tach bui. Chung hoat dong véi dong dién 3 pha xoay chiéu hiéu dién thé 100 = 250V,
mat do dong dién nhé hon 10 A/cm? dién tich bé mat dién cyc. Tiéu thu dién cho qud
trinh nay udc tinh 3,3 kWh/kg cacbua canxi. Cacbua canxi & trang thdi ndu chay
duge 1dy ra tr mot hodc mot s§ clra khdc nhau (c6 thé dén 6 cira) & phia dudi lo.
Ching duge hing vao trong cdc binh sit, d¢ nguoi trong 2 gi& réi 1ay ra dap va,
nghién, sang. Hinh 5.1 mo ta hinh anh mot 1d nung tao cacbua canxi.

Quad trinh san xudt cacbua canxi ciing déng thdi tao ra mot lucng Ién khi CO
(400 m’/tan). Khi nay ¢6 thanh phén trung binh (% TT): CO =70, CO, = 10, N, = 9,
H, =7, CH, =2 va bui. Cic cong ngh¢ truée day dét chdy khi nay trén mat 10, nhung
véi cic nha mdy hién dai, ngudi ta st dung né lam nhién liéu dét cho cédc khu phu tro.

® Thuy phan cacbua canxi:

Phan ting nay tod nhiét rat manh va doi hoi kiém sodt nhiét do chat ché dé ngan
ngira qua trinh phén huy axetylen. C6 hai loai thi€t bi duge sir dung véi tén gol Ia
thi€t bi sinh axetylen w6t va sinh axetylen kho, tuy thudc phdn ba voi duoc lay ra &
dang sira chita 10% KL voi hay & dang véi hydrat hod khong ¢6 nude du. Cac thist bi
sinh axetylen u6t chil y€u duge sir dung dé san xuat axetylen hoa tan. Chiing gém
cic he¢ thong thd cacbua canxi vao nudc (hé cacbua canxi - nuéc), phun nude vio
cacbua canxi (hé nude - cacbua canxi) va ti€p xic (nhiing ngap cacbua canxi trong
nudc). Thi€t bi sinh axetylen khé chi yéu dugc sl dung trong cdc nha méy c6 quy
mo san xuét 16n cho cong nghiép hod chat. Ty lé khéi lugng nudc/cacbua canxi
khoang 1,1.
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Hinh 5.1. Lo cacbua canxi

Hinh 5.2 13 so d6 day chuyén sdn xuat axetylen tir cacbua canxi. Cacbua canxi
dugc bang tai dua vao thi€t bi hinh tru ¢6 duc nhimng 16 nhé dat ndm ngang bao boc
bing l6p vo6 déng tam. Nudc duoe phun vao bén trong 16p vo phia trong. Khi
axetylen hinh thanh thodt ra & phia trén qua dudng bang tai dan dén thdp rira. Tai
day, nudc sach dugc phun vao ria sach phén 16n cdc chat rén bi 161 cudn theo dong
khi. Bd voi va cdc tap chat cacbua canxi dugce tich ra nho bang tai dua dén bod phin
thu nhdn bun thai, Axetylen duge lam mat 16t khoang 10°C d¢ ngung tu phdn 1én
nude. Sau dé né duge tinh ché nhd tiép xic véi axit sunfuric lodng trong thiét bi hap
thu 16ng/1ong, va vé6i hypoclorit natri (diéu ché nho phan itng cta clo véi hydroxyt
natri) dé tdch bo cdc tap chat. Axetylen sau dé duge 1am mat t3i 0°C dé tach bé hoan
toan dm. Tuy nhién, san phdm cusi ciing vin chia 0,4% KL nudc, thich hop cho
phan 16n céc Ung dung clia axetylen. Néu muén Li€p tuc tich ndl( luong 4m nay thi ¢é
thé st dung silicagen. |

Ba voi ¢6 thé duge tan dung nang cap thinh phan bén hodc phuc vu cong
nghiep sdn xuat xi mang, hoac tudn hoan trd lai qud trinh phan Gng. V6t tudn hoan
duge nang nhiét t6i 1100°C nhd khi khéi 1o dién, 1am mat t6i 180°C vi loai bd céc
hat sat trong thiét bj tdch tir. Tuy nhien, khong thé tudn hodn todn bé bi véi vi né din
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dén sy tich tu cdc tap chat trong 10 dién. Ngudi ta thudng giéi han lugng tudn hoin &
gia tri khoang 40 + 60% KL ba v6i tao thanh.

Phuong phap san xudt axetylen tir cacbua canxi tuong déi phic tap 0 cho phai
van chuyén va xir ly mot tugng 16n cic chat rin. Thuc t€, d€ san xuat 1 tan axetylen
can 3,1 tin cacbua canxi v4i do tinh khiét 80% K.
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Hinh 5.2. Qud trinh sdn xudt axetylen nr cacbua canxi

5.4.2. San xuat axetylen tir hydrocacbon - Qua trinh cap nhiét truc tiép
5.4.2.1. Cdc qud trinh hé quang dién — Cong nghé H iils

Ban chat cia qud trinh ndy xudt phét tir viéc sir dung 10 hé quang dién ning
lugng cao (8500 kW) dugc cung cip bdi dong dién mot chiéu. Ld hé quang dién
Hiils 12 mot 6ng thing didng dugc bao phli bdi mot buéng phun nguyén licu, tai dé
khi duge dan vao theo phuong ti€p tuyén dé tao ra chuyén dong xody lam cho nhiét
d6 thiét bi phan itng déng déu (hinh 5.3). Thiét bi phin ting duge 1am mdt nhd tudn
hoin nude. Lam lanh nhanh khi ngay tai cua ra cla [d nhd phun nudc true ti€p hoidc
céc hydrocacbon dang cdn dugc cracking dé€ tao thanh cdc hgp chat olefin.

Pac trung k¥ thuat cha 16 hé quang dién nhu sau:

Ning lugng: 8500 kW

Hiéu dién thé: 7000 V

Cuong dé dong dién: 1200 A

Lugng nguyén liéu cé thé xu ly: 2000 m* khi hydrocacbon/gidy
Nhigt do: 1000 + 1500°C T

Cudng dé tir trudng: 70 Viem

Thoi gian fuu: 2/1000 s.
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Hinh 5.3. Lo ho quang dién sit dung sdn xudt axetylen theo cong nghé Hiils

Phén tinh ché trong h¢ théng sén xudt axetylen gém ¢é céc giai doan sau:

® Tdch loai cdc hat cacbon bang cach sir dung thiét bi tich xyclon va thap ria
nuée.

® Phén tdch cdc hop chdt thom va cdc polyme mach dai nh qud trinh x0r fy véi
nudc vd diau hydrocacbon thom.

* Hoa tan phén 16n axetylen viio nude duéi dp suit (1,8 MPa).

* Giai nén tir tir dung dich niy tao thash khi ¢6 chita 10% TT cde ddng dang
axetylen mach dai. Nhitng hop chat nay sau nay s& duge loai bd nhe qud trinh lam
lanh xudng —80°C va cudi ciing la rira bang hén hop metanol/benzen. San phim
axetylen thu dugc ¢6 d¢ tinh khiét 97% KL..

Toan bo cdc cong doan trong qua trinh sdn xudt axetylen tir nguyén liéu
hydrocacbon theo phuong phép cap nhiét truc ti€p bang 16 hé quang dién duge mo ta
trén hinh 5.4.

Qud trinh san xudt axetylen theo phuong phdp nay c6 thé sir dung rat nhiéu loai
nguyén li¢u, trong d6 riéng phin doan naphtha trung binh cung cdp khoang 35%
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téng san lugng axetylen. Chemische Werke Hiils di xay dung mét nhd may &
Recklinghausen (Tay Diic) v6i 19 10 hé quang dién sdn xudt 120 nghin tin axetylen,
50 nghin tan etylen va 420 trieu m* hydro/nam. Tiéu thu dién hang nam cua nha may la
I trigu 440 nghin MW gi0, xap xi lwong dién cdn cung cdp cho mot thi trén khodng 400
nghin dan.

H& thiing rifa
Nutic
L hé quang dign Xyelon NUdc Nudc
Hydracacbon
;3 P Hydrocacbon

chua chuyén
hoé

) Ial]
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Hinh 5.4. Sdn xudt axetylen tir hydrocacbon theo cong nghé 10 hé quang dién

5.4.2.2. Cdc qud trinh Plasma

Nhiét do cao cidn cho qud trinh san xuat axetylen cé thé dat duge nhd plasma
nhi¢t, bang cdch sir dung hé quang hoac cdc hé thdng cao tdn. Trong cdc hé hé
quang, qud trinh ion hod khi (argon, hydro...) dat dugc nho dan dong kbi nay qua hé
quang di¢n, dugc moi laa va duy tri gilia catot phdt xa nhiét vi anét (thudng 1 voi
phun). Trong cdc hé cao tan, khi bi ion hod nhd dua qua mot 6ng 1am bing oxyt silic
duge dat trong cudn solenoid tai dong dién tan sd cao, thudng 1a tir 5 + 60 MHz. Mot
50 nha mdy sir dung cong nghé nay da dugc thir nghiém & My, Nga va Tay Dic.

Nguyeén liéu cho cdc qud trinh nay rat da dang, ¢ thé tir metan 18i d4u tho, vi
thim chi cd than dd. Néu di tir than d4, dé san xuat | tdn axetylen can sit dung 2,5
tdn than va 8000 kW gio dién.

5.4.3. San xuit axetylen tir hydrocacbon - Qua trinh cip nhiét gidn tiép
5.4.3.1. Cong nghé Wulff _

K& tir khi nhd mdy dau tién duge xay dung nam 1952 tai Maywood, California,
véi nang suat 500 tan/ nam do Wulff-Acetylene Company thiét k€, cong nghé nay da
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phdt trién rdt manh & My va Tay Au. Tuy nhién, hién nay, vi nhitng 1y do k¥ thuat
lién quan t61 van dé tao ra lugng qud 16n mudi than, va vi nhitng 1y do kinh t€ nay
sinh tir gid thanh ngay cang tang clia naphtha, phin lén cdc nhi mdy hoat dong theo
cong nghe nay di phai dong cira.

Lo phan tng Wulff (hinh 5.5) ¢6 két cdu tir nhitng manh carborundum (hinh
thanh tir qud trinh nau chay cde va cit trong 15 dién), ¢6 khoan nhimg 16 nhé cho
phép khi luu thong.

Buting khi véo hosc ra Budng dét phy trg
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Chi tiét khdi chiu nhiet

Hinh 5.5. Lo phan itng Wulff

Lo nay dugc bao boc bang mot Idp gach chiu lira vd bén ngoai dugc bio vé
bing mét 16p vo kim loai. Lo van hanh theo chu trinh khép kin. Khéi vat liéu chiu
nhiet ddu tién dugc dun néng nhd dot chdy nhién liéu trong khéng khi. Nhién lieu
nay ¢6 thé chinh 1a nguyeén liéu cho phan ung hoic la cic nhién liéu khic. Cic
hydrocacbon cén duge cracking sau dé s& duge phan huy nhd qu4 trinh hap thu nhiét
giif lai trong 10 tir giai doan trudc. Budng khi ndm & hai ddu 10 13 noi din khi vao va
thu hoi khi tao ra trong qué trinh cracking. Cdc cira cp nhieén liéu dugc bs tri & trung
tam 10, va mot thi€t bi dot chdy duge thi€t k€ tai day dé khoi mao qud trinh chdy khi
hé théng mdéi bat dau khoi dong.

Chu trinh lam viéc cia 1o Wulff gém ¢4 bdn giai doan nhu sau:

* Giat doan dun néng: Khong khi dugc dua vao 16 tir mot clra nhit dinh (vi du,
bén phai), dugc dun néng nhd tiép xdc vdi 16p gach chiu lra ¢6 nhiét do 980
1100°C, va di chuyén dén budng phun nhi¢n lieu. Qua trinh chiy Iam tang nhiét do
clia budng 16i 1200 + 1370°C. Khi ra khoi 1& & cira trdi ¢6 nhiét do 315°C sau khi da
d6t noéng khai vat liéu chiu 1ira & khu vyc nay.
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* Giai doan cracking: Nguyén liéu da dugc hod hoi va dua vao 10 tir cira trdi va
di chuyén vé phia phai, dén khu vuc trung tam, tai day hoi duge nang nhiét 1&én 1200
+ 1370°C. Khi cracking thodt ra & cira phai ¢6 nhiét do 315°C. Thoi gian luu khoang
0,1 giay.

* Giai doan dun néng: Giai doan nay hoan toan tuong tu nhu giai doan «, nhung
cdc dong luu chit di chuyén theo hudng nguge lai.

= Giai doan cracking: Giai doan ndy hoan todn tuong tu nhu giai doan 2, nhung
cac dong luu chit di chuyén theo hudng ngugc lai.

Toan bo chu trinh kéo dai trong khoang 1 phiit. Luong zacbon ngung tu s& duoc
loai bo trong giai doan dun néng nhd qud trinh chdy. Cracking c¢6 thé ti€n hanh &
diéu kién chan khong (50 kPa) hoac ¢6 mat hoi nudc.
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Hinh 5.6. So do qua trinh sdn xudt axetylen theo cong nghé Wulff

Cic khi dugc lam lanh nhanh ngay tai clra 1o bing nudc hodc hén hop
nudc/hydrocacbon, loai bd nhya va nén trudc khi duge chuyén téi khu vuc tinh ché.
Phin xudng nay duoc thi€t k& d€ loai bd cdc ddng ding axetylen, vi du diaxetylen,
nhd x{t 1y bang dung méi (vi du dimetyl formamit). Sau dé, axetylen s& dugce hap thu
chon loc va tdch khoéi cdc khi nhe diing lam nhién liéu dét hodc nguén hydro. Théap
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on dinh s& ti€p tuc loai bd nhiing lugng vét CO, etylen, metan, hydro cudi cung. Sau
khi axetylen dugc tdch ra nh& qué trinh dun néng, dung moi hdp thu duge tai sinh
nho qué trinh phan tich cdc metylaxetylen va nhiéu san phidm nidng khic. Tuy theo
yéu céu, etylen ¢é thé duoc thu hai tir khi ra khoi thist bi hap thu axetylen nhd k¥
thuat hod 16ng nhiét do thdp hoac bing phuong phap hép thu. Toan bo chu trinh cong
nghé¢ dugc minh hoa trén hinh 5.6.

Céc nguyen liéu sit dung cho qua trinh ndy ¢ thé tir etan t6i diezen. Nguyén
liéu duge va chudng nhat ngay nay cho céc qua trinh cd tinh kinh t€ cao, dé 14 etan.

5.4.3.2. Cong nghé Kureha

Cong nghe cracking hoi ddu tho Kureha duge x4y dung trén co s& két hgp véi
Union Carbide d€ sin xuat etylen. Bing cach tién hianh qua trinh phan tng & diéu
kién nhi¢t do rat cao va thdi gian ti€p xdc rat ngdn (0,003 + 0,01 giay), c6 thé thu
dugce axetylen va etylen v6i ham lugng x4p xi nhau tir nhimg mot s6 loai nguyén liéu
ddu thé khdc nhau. Trong trudng hgp nay, nhiét d6 & clra ra clia thiét bi phan tng
trude khi duge lam lanh nhanh 1a 1150°C.

Hinh 5.7 dua ra hinh dnh minh hoa so d6 dong ctia cong nghé Kureha. Déu the
sau khi dugc gia nhiét t6i 300°C nhe trao déi nhiét véi khi khoéi 10, duge dua vao
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Hinh 5.7. So d6 cong nghé Kureha sdn xudt axetylen
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thi€t bi phan tng. Hoi qua nhiét 2000°C s& dugc dua vao & dinh clia thiét bi nay. Hoi
nay duge tao ra tir hai 10 ki€u tdi sinh, cé 16t trong bing vit liéu ceramic va chita cic
vién dd cudi da duge tdm mot phén oxyt zirconi & viing nhiét dé cao, va tim mot
phin oxyt nhom & ving nhiét d¢ thdp. Hoi trong hai thiét bi niy lvu chuyén nguge
dong v6i hon hep khong khi/khi d6t. Cdce vat lidu rin clia mot trong hai 18, truée hét,
duge gia nhi¢t nhd qud trinh chdy clia khi trong giai doan dun néng. Kri giai doan
ndy két thic, hén hop khi d6t s& duge chuyén sang thit bi -hit hai, trong khi hoi
dugc dua vao thi€t bi thit nhat, tai dé né hép thu nhiét tir nhitng vién d4 cuoi.

Cac dong léng va khi thu duge sé duge lam lanh nhanh va chuyén téi thdp
chung phan doan so bo dé tach ddu & ddy (mot phdn diu nay duge sir dung lam tac
nhén 1am lanh nhanh), hic in, nhya than va ddu gidu hydrocacbon thom 14y ra & doc
than thap. Naphtha va cic phan doan nhe dugc thu hi & dinh thdp. Sau khi nén, cdc
qua trinh phan doan ti€p theo s& dugc thuc hién déi véi cdc sdn phdm nhe dé dat
dugc yéu cdu vé thanh phan giong nhu sén phdm cha qué trinh cracking hoi thong
thudng. Su khdc biét duy nhat d6 1a phan xudng thu hédi axetylen 1én hon so véi phan
xudng duge 1ap dat trong cong nghé cracking hoi.

5.4.4. San xuit axetylen tir hydrocacbon - Qua4 trinh ti nhiét

Cdc cong nghé nay sir dung qud trinh d6t chdy mot phén nguyén liéu dé cdp
nhi¢t cho phin ting. Ddi nguyén liéu sir dung cho qud trinh ciing tuong déi rong, tir
metan tdi céc phan doan giira sin pham chung c4t ddu thé. Cdc cong nghé khéc nhau
chi yé€u & thi€t k&€ budng d6t va loai dung modi st dung cho qud trinh chiét axetylen.
5.4.4.1. Nguyén tic van hanh

® Yéu cau vé thiét bi phan ing:

* Tao ra dugc hén hgp oxy/nguyén liéu chdy ma khong gay ra hién tuong chdy
ngugce trd lai trong 6ng dan khi.

* Tao ra ngon lira chdy 6n dinh nh¥ diéu chinh t6c do dong khi.

* Ngan ngira su ngung tu cacbon trén tudng 10 bang cach dan hoi vao & mét s6
vi tri dac biét trén 10 d6t.

* C6 thé lam lanh nhanh khi san phdm bing viéc phun luu ch4t lanh vao, phan
tin dudi dang céc hat nhd min.

® Cac budc tinh ché san phdm chinh:

* Lam lanh khi nh& phun lun chit lanh (nuée hoac ddu) dé 16i cuén mot phan
mudi cacbon.

* Loai bd nhitng vét mudi cacbon con sét lai nhdy qud trinh loc hoac rira.
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* Nén khi t6i dp suit sao cho dp sudt riéng phan cia axetylen khong vuot qua
0,14 MPa dé ngan ngita sy phan huy gay né thanh timg c&u tir cha axetylen.

* Hap thu CO, bang dung méi hoac dung dich kiém.

" Loai bé cdc hydrocacbon chua chuyén hod.

* Hoa tan chon loc axetylen va nha hép phu tich axetylen.

® Thu hoi axetylen hoac hydro ti cdc sin pham phu ciia qud trinh.

* Tai sinh cdc dung moi da sir dung.
5.4.4.2. Cdac qud trinh cong nghiép

® Cong nghé BASF (hinh 5.8)

Hydrocacbon (metan hodc naphtha) va oxy dugc gia nhiét truéc khi dua vio
budng dét, noi ma tai d6 sau khi dua qua éng venturi, ching dugce dan vao thiét bi
dét gan hang tram 6ng déin.

+ Kbl khéng hdp thu
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Oxy i pyrolidon) | = S
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' i1l sinh dung mbi
Qung mbi (dBUY (M matyl pyraliden )
naphihalan

Hinh 5.8. Cang nghé BASF ne nhiét sdn xudt axetylen

Mot lugng nho oxy dugc dan vao nguge chiéu dé dam bao d6 én dinh clia ngon
lira. Ty I& oxy/hydrocacbon duoc diéu chinh sao cho khoing 1/3 hydrocacbon s& bi
dot chdy, phdn con lai s& 1a nguyén liéu cho cracking. Khi tao thanh duge 1am lanh
nhanh bang nudc & khu vuc budng dét sao cho dat hiéu sudt axetylen cao nhit. Cée
tao thanh dugc lay ra va phan tich. Sau khi rira bing ddu, tich bd cic polyme va
naphthalen, dong khi dugc nén va chuyén dén khu vuc chiét bang dung maéi
N-metylpyrolidon.
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® Cong nghé Hoechst HTP (hinh 5.9)

Coéng ngh¢ HTP (nhiét do cao) sir dung thiét bi dét, tai do, quad trinh chiy cla
khi cracking (CO, H,, CH,) v6i oxy lam tang nhiét d6 cia budng tét 2700°C. Tai clta
vao cua thiét bi phan ting cracking, hoi dugc din vao dé lam giam nhiét do dong khi
xudng 2300°C. Sau d6, naphtha dugc phun vao dong khi chéy néng nay dan dén qua
trith nhiét phan, lam giam nhiét d6 dong ra thi€t bi phan fmg xucng 1300°C. Sau khi
ti€p xuc trong vong 0,002 + 0,003 giay, cdc khi duge 1am lanh nhanh nhd phun dau
duge tao ra trong qua trinh phan Gng tudn hodn tré lai. Nhiét hap thu bési luu chat nay
duge sir dung cho qud trinh tao hoi. Cac khi dugc tich khéi zdc phan doan nang, lam
lanh xudéng 50°C va nén t6i dp sudt 3 MPa. Ching duge tich bé CO, nhd qua trinh
hap thu va trung hoa sau d6. Sau clng, cdc hydrocacbon duoc chung tach thanh cic
phan doan. Axetylen va ctylen dugc san xudt véi ty 1é dao dong tir 30/70 dén 70/30.

Khl nhidn lidu Etylan

Tuidn b —
Naphtha | . wén bodn L Axatylen

Hép thu

Hip 1hu CO2

Téch C2. C3
Téch axzetylen

Hép thu axaiylan |

Mouyén lidu

Hinh 5.9. Cong nghé Hoeclist HTP ti¢ nhiét sdn xudt axetylen va etylen

® Cong nghé ngon ra chim BASF (hinh 5.10)

Ky thuat ngon lira chim do BASF phdt minh chinh 12 tién bé méi nhat trong
cong nghé tu nhiét. Gifta dong hydrocacbon 16ng, mét ngon lira tao ra nhiét do di
16n cho khu vuc lan can tao diéu kién cho qud trinh hinh thanh cdc san phim nhe,
bao gom cé axetylen. Cdc khi duge lam lanh nhanh & viing lanh cla chat long, va
mudi cacbon tao thanh duge chuyén clng véi hydrocacbon 16i buéng d6t. Thiét bj
phan tmg c¢6 thé van hanh trong diéu kién dp suat véi bt ky loai hydrocacbon nio
ma khong tao ra mudi cacbon ddng ké. Diém yéu clia k¥ thuat nay d6 12 rat khé kiém
sodt budng d6t do t6c do dong khi qué cao.
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Khi cracking
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Hinl 5.10. So do buéng dot ngon lita chim ciia BASF

5.4.5. Chiét axetylen tir cac phan doan cracking hoi C2

Axetylen ciing ¢6 thé duge thu héi tlr san phdm khi cracking hoi vdi ty 1¢
0,5 + 2,5% KL so véi nguyén liéu. Ham lugng nady ¢6 thé cdn cao hon néu nguyén
liéu nang hon. Vi vay, mot loat cac cong nghé dd dugc nghién ciu thiét k& dé chuyén
hod ddu tho hoac cdc phan doan nang phuc vy san xudt etylen cling nhu moét lugng
ddng k¢ axetylen. Mot trong s6 cdc qud trinh nhu vay 134 ACR (Thiét bi phan tng
cracking fién tién) do Union Carbide, Kureha va Chivoda xay dung. Trong qud trinh
niy, nguyén liéu duge dua vao thiét bi trong 20 mili gidy trong ddng plasma sinh ra
nho dét chdy nhién liéu long hoac khi vdi oxy. Hoi qud nhiét duge dua vao tiép xiic
v6t sdn pham clia qué trinh chdy 1am lanh khi xuéng khoang 2000°C. Hoi nay déng
thoi cling gil vai troé 1a tdc nhan pha loing hydrocacbon nguyén liéu khi dua vao
thi€t bi phin (ng. Cic dong san pham duge lam lanh nhanh nh¢ phun ddu nang. Néu
st durg ddu tho Arap, khi san phdm tao thanh s& chia 31,8% KL etylen va 4,2% KL
axetylei.

Dé phan tach axetylen ra khdi hén hgp san phdm ma céc cau tr c6 nhiét do séi
chénh léch nhau qua nhd, cdc déng ding axetylen lai dé bi polyme hod, qua trinh
phan tdch khong thé thuc hién bang chung cat don gian hoic tham chi siéu phan
doan. Mgt phuong phép thay thé€ kha thi, dé 1a chiét dung moi, dac biét 1a sir dung
dimetyl formamat.

V& nguyén tic, so d6 dong cla hé théng chiét tich bao gém cdc budce: 1am lanh
phan doan C2 dang khi, dua vao thap hip thu ti€p xic nguge chiéu véi dung méi (20
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dia) van hanh & 4p suat 2 MPa. Dong chiét gdn nhu ¢6 chifa toan bg axetylen ban dau
duge dua tdi thdp cdt nhe (25 dia), van hanh & 0,105 MPa dé tich bd céc khi hap thu
khac. Nhitng khi nay sau d6 s& dugc nén va tudn hoan tré lai thdp chi€t. Thiét bi
nhd hdp thu (25 dia) sau dé s& tich dimetyl formamit & ddy va axetylen & dinh
(hinh 5.11).

Céc nha ban quyén clia cong nghé nay gdm cé: Linde, Lummus and Monsanto.
Céc nha mdy nay hién dang van hanh & Tay Au va My.

Tuéin hoan khl ra
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Hinh 5.11. Chiét axetylen tit cic phdn doan C2 san phdm cracking hoi

5.5. UNG DUNG CUA AXETYLEN

Thue t&, mot luong 10n axelylen duge st dung cho nhing muc dich phi tong
hop hod ddu nhu han, cat kim loai v san xudt cacbon lam chéi than cho cong nghigp
pin, acquy.

Mac di axetylen 14 mdt hgp chat ¢6 kha nang phan Ung rat cao nho lién két 3
trong thanh phan c4u tric, nhung nhitng tng dung cta né dang giam dan khi cdc
phuong phdp st dung nguyén liéu etylen, propylen va cac hydrocacbon khac ra dot.
Tuy nhién axetylen vin c¢é chd ding trong cdng nghiép sian xuat vinyl clorua, vinyl
axetat, vinyl este, axit acrylic, I,4-butyndiol va cdc rugu axetylenic.
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Chuong 6
OXY HOA

6.1. LY THUYET QUA TRINH OXY HOA

Oxy hod 1a qué trinh chuyén hod hop chit hitu co dudi tic dung cla oxy. Day
1a qué trinh chuyén hod cdc hop chat hitu co 16n nhit trong cong nghé tdng hop hitu
co hod ddu. Sdn phim cua qué trinh 1a rugu, aldehyt, xeton, axit cacboxylic, este,
nitryl, a-oxyt... 1a nhimg hgp chat trung gian, monome quan trong cho cac qua trinh
chuyén hod khdc dé san xust nhimg san phdm cé gid tri thyc tién cao. Oxy hod 12
mot qud trinh da dang va phd bién vi rat nhiéu hop chat hitu co ¢6 kha nang tham gia
chuyén hod nay. Téc nhan oxy hod ré vi sin cé nén hi¢u qua kinh t€ clia qud trinh
cao hon so véi cdc phuong phap khdc. Chinh vi céc 1y do nay ma oxy hod tr& thanh
mét qud trinh ¢é ¥ nghia 1dn trong téng hop hitu co hod diu,

6.1.1. Phan loai qua trinh oxy ho4

Cdc qud trinh oxy hod dugc phan loai thanh hai nhém chinh: oXy hod hoan toan
va khong hoan toan.

Oxy hod hoan toan 1a qud trinh chdy cla cdc hop chét hifu co tao sin pham
cudi 1a dioxy! cacbon va nudc. Qud trinh ndy thuc (€ chi ¢6 y nghia vé mit cung cip
nang lugng, con trong téng hop hitu co, né Ia phan tng phu khéng mong muén vi
lam giam hi¢u sudt san pham chinh, toa nhiét manh, gay kho khin cho qud trinh
kiém sodt cdc diéu kien cong ngh¢ cua qud trinh chinh.

Oxy hoa khong hoan toan méi 14 qud trinh mang y nghia quan trong trong téng
hop hitu co hod ddu. Né duoc chia thanh ba nhém:
6.1.1.1. Ixy hod khéong dit mach cacbon

Qud trinh nay c6 thé xay ra tai vi trf C no trong parafin, naphten, olefin, nhinh
alkyl ctia cdc hydrocacbon thom, ruou, aldehyt... Vi du:

V&i parafin: 0
2

[ CH3-CH2-CH2-CH20H —_— CH}'CHQ'CHz-CHO

€H;-CH,-CHy-CH; —»

0,
—— CH3-CH2-FH-CH3 — CH3-CH2-?|:_CH3
OH 0O

132



bai voi naphten:
= 0

o=

— i

0Oy —=
L
0,

DGi v6i olefin:  CHy=CH-CH; —» CH,=CH-CHO

Dd6i véi mach nhénh alkyl ciia cac hydrocacbon thom:

-~ CH; 0, ~~ CHO 0, o~ COOH
Hodc, xay ra tai vi tri ngi déi:
0,
R-CH=CH; ——» R-CH-CH, alpha oxyt
N
O
0, .
R-C-CH xeton

ff 3
0

6.1.1.2. Oxy hod ditt mach c. cbon

Qua trinh ¢c6 thé Xay ra véi cac parafin, naphten, olefin, hydrocacbon thom,...
lam phan huy, phd v& cic lién két C-C, C=C, C thom - C thom.

CH3-CH2-CH2-CH3 +5/2 02 e 2 CH}COOH + HQO
Oy
O 2+ HOOC-(CH,),-COOH

R-CH=CH-R" +20, — RCOOH + R'COOH

=0
C
-~
CH N
O +920, — = || 0 +2CO + 2H,0
CH. /
CQ“O

6.1.1.3. Oxy hod ngung tu / két hop

Qua trinh oxy hod xay ra kém theo su ngung tu/két hop véi tdc nhan phan ng
ban 4au.
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CH,=CH, + CH;-COOH + 120, —= CH2=CH-0-ﬁ-CH3 + HyO
0
2RSH + 12 O, —= RSSR + H,0

2RH + 320, — ROOR + H,0

RCH; + NH; + 320, —= RCN + 3H,0

6.1.2. Tac nhan oxy hos

Trong cong nghiép, tu tién lya chon hang dau luon duge danh cho cdc tdc nhan
ré tién, sdn ¢6. Chi khi cdc tde nhan nay khong phi hop v6i qua trinh can thuc hién,
ngudi ta méi st dung céc tdc nhan khéc.
6.1.2.1. Oxy phén tir

Day la loai tic nhan oxy hod phd bi€n nhét dung cho phén Ién cdc qud trinh
oxy hod. Tic nhan nay c6 thé duge sir dung dudi dang khong khi, oxy k¥ thuat hoic
hén hop nito-oxy. Cdc qud trinh st dung tdc nhan khéng khi thudng xay ra véi téc do
cham nhung c6 thé cai thién duge nho tang nhi¢t do va dp sudt. Dang oxy k¥ thuat
thudng duoc sit dung trong nhiing truong hop oxy hod pha khi va sy ¢6 mat clia nito
can trd qud trinh tich sin phdm.
6.1.2.2. Axit nitric, oxyt nito

Chiing 14 cdc wdc nhan quan trong thi hai sau oxy. Tuy nhién, cdc tdc nhan nay
thudng gay ra phan tng phu nitro hod. Vi vay, trong cong nghiép, ngudi ta chi st
dung axit nitric v&i néng d6 lodng 40 - 60% dé han ché& cac phan tng phu. Ung dung
chii yéu cua loai tdc nhan nay 1a oxy hod phan huy hop chédt vong, nhan thom va néi
déi, nhiing qu4 trinh khong thé oxy hod bing oxy. Vi du:

O‘ OH +4 I‘INO3 — HOOC-(CH2)4'COOH + 2 N203 + 3 HEO

Dinito trioxyt s& duge tan dung tai sinh lai thanh axit nitric nhd qué trinh oxy
ho4 trong nudc hoic trong dung dich HNOj; theo phan ing sau:
N203 + 02 + H20 i 2 HNO3
6.1.2.3. Hop chdt peroxyt
So véi cdc tdc nhan oxy hod khic, peroxyt l1a loai tic nhan duge ung dung
muén hon trong cong nghiép. Do gid thanh cao nén ching chi dugc st dung trong
trudng hop cac phan ing khong xay ra dudi tic dung oxy hod cia oxy hoic HNO;.
Céc hop chit peroxyt thuong duge st dung dudi ba dang: peroxyt hydro (H,0,),
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hydroperoxyt (ROOH) vi peraxit (RCUUOH). Ung dung phé bién nhat ciia ching la
cho qud trinh epoxy hoa cac hop chit khong no:

-O0OH + RCH=CH; — -OH + R—C\{{-CHz

o}

6.1.3. Dac trung nang lugng cua qua trinh oxy hoa

Tat ci cdc qud trinh oxy hoi ding trong céng nghé téng hgp hitu co hod diu
déu khong thuan nghich. Pay 12 mét trong nhimg qué trinh tod nhiét manh nhat.
Hiéu ung nhiét ting theo mic do siu cua qud trinh oxy hod, dic biét 1a trong qua
trinh tao axit cacboxylic va oxy hod dit mach cacbon. Vi du:

R-CH,-R + 120, —= R-CH(CHR AH = -146 - 188 k}/mol
R-CHR + O — R-E-R + H,0 AH = ~355 kJ/mol

o CH3 > - COOH
O +3/2 05 — || P +H,0 AH =-567,4 kJ/mol

o

R-CH,-CH-R + 520, — 2R-COOH + H,O AH =-982 + -1003 kJ/mol

Ngoai ra, hiéu tng nhiét con phu thude tdc nhan oxy hod, dugc sap xé&p theo
thit tu nang lrgng HNO; < O, < hydroperoxyt / peraxit. Vi du:

L]

.~ CH; .~ COOH
CI +2HNO3 e | +2NO +2H20
o =

-~ CH; .~ COOH AH = 361 kJ/mol
7 0 (e T
= 5

(D

AH = -567.4 kJ/mol

(RCH=CH, + H,0, —> RCH-CH, + H,0
O AH = -210 kJ/mol
an< RCH=CH, + CH;COOOH —* RCH-CH, + CH;COOH
o AH = -210 kJ/mol
CHy=CH, + 120, —> CHyCH,
\. _ 0 AH =-103,3 kJ/mo]

6.1.4. Cac qua trinh oxy hoa
6.1.4.1. Oxy hod déng ly theo nguyén tit cacbon no

Dac diém cia qud trinh ndy 13 oxy hod bing oxy phén t&r, chil y&u tién hanh
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trong pha long, theo co ché chubi gdc, duge xic ti€n bing nhiét hoiic xic tée. San
phdm cla qud trinh 1a cdc hydroperoxyt, rugu, aldehyt, xeton, axit, anhydric va cdc
hop chat c6 chia cdc nhém chifc khac. Phdn tir hoat dong trung gian 13 cic géc tu do
tai vi tri cacbon (RC") hodc oxy (ROO*, RO").

Co ché€ chudi géc ciia phan dng gdm ba giai doan:

® Tao goc tu do:

Phat sinh chudi: Ban ddu géc tu do duge tao thanh nhd cdc chit khoi mao nhu
peroxyt hodc nhd qud trinh oxy hod cdc hop chat hitu co, hodc nhd phan tng xic tdc
V&l oxy.

RH+ 0, — R +HOO
Co," + O, —» Co0;*-0-0

Khi qud trinh oxy hod da phit trién, gdc tw do cdn tao thanh do nhiéu phéin Ung
khdic, d6 la qud trinh phan nhanh chudi.

3 nhiét do cao, trong pha khi, phan nhinh chudi 1a phan tng oxy hod aldehyt:

RCHO + 0, —= RC=0 + HOO
O nhiét d6 vira phai, trong pha long, phan nhdnh chudi 1a cdc phan tng:
Phan huy hydroperoxyt theo hai phan dng:
ROOH — RO + OH
2 ROOH — ROO + RO + H,0
Phan huy peraxit: 2 RCOOOH ——»= RCOO + HO
Phan tng véi xiic tic, dua kim loai vé trang théi hod tri cao:
ROOH + Co?* —== RO + Co®* + HO
RCOOOH + Co** ——= RCOO + Co** + HO-
Oxy hod hydroperoxyt, aldehyt, hydrocacbon bdi kim loai xtic tic:
ROOH + Mn** —» ROO + Mn®* + H'
RCHO + Mn?* —» RC=0 + Mn?* + H"
RH + Mn*  — R + Mn? + H*

® Phit trién chudi:

Phit trién chudi 14 qud trinh hinh thanh cdc sén phdm phan ti clia phan ung oxy
hod hop chat hitu co va tdi tao géc tu do dé ti€p tuc chudi phan ting.

Hydroperoxyt la san phdm phan tir dugc hinh thanh ddu tién, theo phén ing;

136



R + 0, = ROO
ROO + RH—ROOH + R
Phin 1ng giita g6c peroxyt vd hydrocacbon quyé&t dinh c4u tao cua
hydroperoxyt tao thanh va céc san pham ti€p theo. Kha nang phan tng cla nguyén
hydro trong hydrocacbon tuan theo quy luat bac 3 > bac 2 > bac 1. Nhin chung, cac
hydroperoxyt khong bén, dé bi phan huy ti€p trong qué trinh oxy hod. Tuy nhién,
cdc hydroperoxyt bac 3 bén virng va duge coi nhu 13 san phdm cdng nghiép, vi du
fert-butyl hydroperoxyt, hydroperoxyt isopropyl benzen...
Rugu, aldehyt, xeton 1a cdc san phdm dugc tao thanh ti€p theo trong qua trinh
oxy hod. Ching dugc hinh thanh tir hai nguén hydroperoxyt va gdc peroxyt. Ty 1&
gira hai loai chuyén hod ndy phu thudc vio céc y&u 16 nhu nhiét do, pha (long, khi),
¢6 hay khong cé xic téc...
Trong diéu kién nhiét do vira phdi, pha léng, khéng c¢é xic tdc, cdc san phim
dugc hinh thanh tir qud trinh chuyén hod hydroperoxyt:
Tir hydroperoxyt bac 1, qud trinh chuyén ho4 tao san phim rugu va aldehyt:
RCH,00H + R —* ROH + RCH,O'
RCH,0'+ RH —= RCH,0H + K
RCH,00H + OH — RCHOOH + H,0
RCHOOH —= RCHO + OH

Tir hydroperoxyt bac 2, rugu v Xeton dugc tao thanh song song véi ty 1¢ tuong
duong:

R-CH-R'  +HO R-C-R'

R-([‘-R' .
[ —_— | —_— | + HO
(OOH -H,0 OOH O
R-CH-R'" +R-CH-R' R-CH-R' + RCH,R R-?H-R'
OOH - RCHR OH  .RCHR OH
I
OH

Tir hydroperoxyt bac 3, trong chudi qué trinh chuyén ho4 s& xay ra dit mach
cacbon tao thanh khong chi rugu véi cling s6 nguyén tir C ma con tao thanh rugu va
xeton mach ngan hon.
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R

—— » ROH + R;CO , — » RC=0 + R
RyCOOH = RO RyCOH + RyC
+ y . 3 T Ks
T3C;:_ R;COH + R3CO IE;EH

Khi oxy hed nhém metyl mach nhdnh cia hydrocacbon thom, san phdm chinh
duoc tao thanh 14 aldehyt:

+HO’ .
ArCH,O0H —» ArCHOOH —= ArCHO +HO
-H,0
Ruogu duge tao thanh ciing ¢6 kha ning chuyén hod tiép thanh xeton theo cich
goc peroxyt tan cong nguyén tlr hydro tai cacbon ¢6 nhém OH. Day ciing 12 phuong
phédp san xudt H,O, chd yé&u hién nay (irén 95%).

RCHR' + ROO —» R.C-R' + ROOH
|

OH OH
0 OOH
R-F-R' +0, _, RER RH  RCR -~ R.cr o+ HO,
OH OH R OH

R+0, —»= ROO

Khi ting nhiét do, mot phin sdn phim s& duge tao thanh truc tiép tir géc
peroxyt (thuong 1a bic 2):

R—(IZH-R' . R-C-R" ____ R-CR o
00 OOH 0O
Khi tié€n hanh phan ing & diéu kién pha long, ¢4 xuc tdc axetat mangan, coban,
thi xiic tac s& tao phiic vdi gdc peroxyt:

-CH-R' - R-C-R'
R ?H .R + CoAc, R FHOO.CoAcz ﬁ +HOCoAc,

00 R 0

Khi qua trinh duge thuc hién & pha khi, nhiét do cao, tdt ca cdc san pham duoc
tao thanh tryc ti€p tir géc peroxyt ma khong qua giai doan hinh thanh sin phim
hydroperoxyt, déng thoi diit mach cacbon, tao rugu va aldehyt.

CH;-CH,-CH,-00" —»  HCHO + CH,CH,0
CH;CH,0  +CjHy —  CH;3-CH,-OH + C;H;

138



CHs-llfH-CHs —* CH,;CHO + CH,0°
00"
CH;0" +C3Hg — CH;-OH + C;H,

Cédc san phdm ti€p theo cha qué trinh oxy hod la cic axit cacboxylic. Chiing
¢6 thé ¢6 cling s& nguyén tir C nhu trong hydrocacbon ban ddu khi oxy hod nhém

metyl trong mach nhdnh hydrocacbon thom (vi du toluen) tao thanh hydroperoxyt
béc 1:

CHZOOH CHO COOH

T | |
N +0, R AR
RN MRy
= o

Vi aldehyt, chiing 1a céc chat d& bi oxy hod nhat. Khi oxy hod s€ tao thanh
goc axyl, peraxyl va peraxit.

RCHO + Oy — = R-C=0 + HOO'

R-C=0 + 0, —= R-{-00
0
R-l -00 +RH —» REOOH + R

O O
Trong cong nghiép, peraxit phan tng véi aldehyt tao thanh hop chit trung gian
peroxyt va chuyén hod thanh axit:

CH;COOOH + CH,CHO ——» CH3—ﬁ—OO-(|3H~CH3 —= 2 CH;COOH
0 OH
Khi oxy hoa parafin, naphten, hydrocacbon thom ¢é mach nhdnh chia nhiéu
hon 1 C s tao thanh hydroperoxyt bac 2 va ti€p tuc tao xeton. Tuy nhién cdc xeton
nay dé bi oxy hod hon cé cdc hydrocacbon ban ddu vi chi y€u diit lién két C-H tai

vi tri Ca so v6i nhém cacbonyl, hinh thanh nén goc a—xeto alkyl. G6c nay tiép tuc
dugc oxy hod thanh géc a-xeto peroxyt va a-xeto hydroperoxyt:

RCH,CR! R-CH-C-R’ R-CH-C-R' R-CH-C-R'
Il + o — [ + |
0 ‘00 O 0 HOO O
alpha-xeto alkyl  alpha-xeto hydroperoxyt
R-CH-C-R’ R-CH-C-R’
I + 0 — L
0O 00 O

alpha-xeto peroxyt
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a-xeto hydroperoxyt chuyén hod tao thanh axit dut mach C (axit ¢6 s nguyén
tir C nho hon hydrocacbon ban ddu) theo co ché€ ion (ty xidc tdc) hay co ché géc nhu
sau:

Co ch€ ion:

.COR' +H' _corr -H20 -COR'
R?H COR H R(le COR R(l:H COR R'éO + RCHO

OOH 09H2 O+
+ +
R'CO + H,O —» R'C=0 ? R'(':=O
OH
/0'\
H H
+02
RCHO —— RCOOH
Co ché gdc:
+02
RCHO —— RCOOH
RCH-COR' R'C=0 RFH-COR' .\ R'(|:=0
| g
OOH (gdc axyl) 0" OH

RCH-COR™ ___ RCHO + RC=0

|
0" |_+0; _ RCOOH

Khi ti€n hanh oxy hnd trong di€u kién ¢6 mat hdn hop xiic tdc CoAc, hoic
MnAc, véi muéi déng, san phdm hinh thanh s& 1a cic anhydrit:

RC=0 + Cu(OOCR), —» | RECUOOCR),

0O

— (RCO),O + CuOOCR

CuOOCR + RCOOOH ——» Cu(OOCR), + H,0

® Dt chudi:

Pt chudi trong qua trinh oxy hoé ¢é thé xdy ra do nhitng yéu t& khic nhau, va
phu thudc vao diéu kién tién hanh phan dng. Néu qud trinh thuc hién trong pha khi,
cac goc tu do va dap vao thanh thiét bi va bi hdp phu l1&n d6. Trong trudng hop tién
hanh phan tng trong pha 16ng, do lién két hydro, xay ra ditt chudi binh phuong & céc
g6c giau nhét trong hén hop phan dng, tao san phdm phéan tr. VA mot yéu t6 quan
trong khdc c6 tic dong lam diat chudi phan ing, d6 1a cdc chat him. Khi qué trinh
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oxy hod & trang thdi dimg, van tdc dit chudi bing van té¢ tao goc tu do tir phan tng
phin nhanh.

6.1.4.2. Oxy hod xic tdac di thé

Qua trinh nay thuong xdy ra khi oxy hod olefin theo nguyén ti C no, oxy hod
cdc hydrocacbon thom thanh cdc anhydrit vong, oxy hod amonoli (amoxy hod) va
oxy hod tryc ti€p etylen thanh oxyt etylen.

Xdc tdc cho qud trinh nay ¢6 thé 1a cic kim loai nhu Cu, Ag. Cdc oxyt kim loai
nhu CuO, Cuy0, V,05 ciing ¢6 khé ning xic tdc cho qud trinh nay. Loai xdc tic thi
ba la hén hgp oxyt va mudi cha kim loai chuyén tiép nhu ZnO.V,0,, CoO.WO.,
Bi;0;.M00;. Cdc xdc tdc ndy c6 thé diing & dang phoi, ludi (Cu), hat (V,0,) hoic
duge mang trén cdc chit mang (Ag, CuO, hén hop musi).

Giai doan dau tién trong qui trinh oxy hod xiic tic di thé 1a hap phu cdc tic
nhan 1én xic tdc. Trén xiic tic kim loai, oxy hap phu rit nhanh Ién bé mat xic téc,
sau d6 xam nhép xudng phia duéi chdm hon va chuyén thanh hip phu hod hoc. Kim
loai cho dién t, chuyén oxy hap phu sang dang ion géc:

e+ .
Ag + O —= Ag-0-0 A 2 A+g-(_)

Trén xiic tdc oxyt kim loai va muéi, qué trinh hip phu OXy XAy ra tuong ty trén
cdc ton kim loai. Cdc ion kim loai bi oxy hod chuyén sang trang thai hod tri cao.

Véi céc hydrocacbon, qua trinh hdp phu 1én xde tic kim loai yéu va xay ra
thudn nghich, hdp phy 1én cdc oxyt kim loai va muéi bén vimng hon. D€ tao lien két,
olefin cho dién & va chuyén vé trang thai ion gdc, con kim loai bi khir vé trang thdi
hoa tri thap. _

Me!™ D" + CH=CH-CH; — Me™-CH,-*CH-Cl,

Dé gidi thich vé su hdp phu va hinh thanh sin phdm trong qud trinh oxy hod
xiic tdc di the, 6 hai loai co ch€ duge sit dung:

Co ché 1: Hydrocacbon tir méi trudng phén dng duge hip phu 1én bé mat da bt
oxy hod clia xtc tdc trudce hét tai vi tri ion g6c oxy, sau d6 s& tuong téc va tao san
phdm oxy hod. Vi du trong qud trinh t16ng hop oxyt etylen trén xic tac bac:

+ - . + T

Ag-0-0'+ CHy=CH, —— Ag-0-0-CH,-CH, —* Ag-O'+ CH,-CH,
0O

Co ch€ 2: Hydrocacbon da hap phu lén ion kim loai s& bi oxy hod boi oxy clia
mang ludi xtc tdc. Khi d6, kim loai s& bi khir vé trang thdi hoa tri thap va sau doé tdc
dung véi oxy dé trd vé trang thai ban ddu. Trong phin Ung sau, K: ky hiéu xuc tic.

2KO + CH=CH-CH; ~—= 2K + CH,=CH-CHO + H,0

2K + 0, —= 2KO
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6.1.4.3. Oxy hod xiic tdc phitc kim loai

Qud trinh thudng xay ra v&i phan ng oxy hod theo néi déi, chia thanh hai
nhém epoxy hod va oxy hod tao cic hgp chat cacbonyl este.

® Epoxy hod hgp chat khong no san xuat o-oxvt:

Trude diy a-oxyt duge sdn xudt tir peraxit va peroxyt hydro nhung gid thanh

san xudt rat cao. Ngay nay, nguén cung cdp chinh loai hgp chét ndy 12 cdc qud trinh
oxy hod olefin.

ROOH + R'CH=CH, — ROH + R'CH-/CHz
™~
O

Xiic tdc cho cdc qua trinh nay 12 mudi, phic kim loai chuyén ti€p nhuw Mo, V,
W, Ti..., trong d6, st dung phé bién nhat 1a phitc cua Mo.

Trong qua trinh oxy hod, hydroperoxyt ban ddu s& chuyén hod thanh ruou ¢é
goc chinh 14 hydroperoxyt nay. Rugu tiép tuc dugc dehydrat hod thanh olefin. Vi
vay, hydroperoxyt sé duge lua chon phit hop dé ¢6 thé tan dung duoc olefin nay.
Céc hydroperoxyt thudng sir dung li cdc hydroperoxyt cia etylbenzen, isobutan va
isopentan, nhitng hop chat sau khi chuyén hod s& tao ra cdc olefin ¢é gid tri nhu
styren, isobuten, isopren. Cic olefin sit dung cho qud trinh oxy hod thudng i cdc
propylen va cdc déng ding cla etylen dé epoxy hod.

® Oxy hod két hop:

Muc dich chinh ctia qud trinh nay 1a san xuét cic hgp chit cacbonyl, este (nhu
vinyl axetat) trén co sd xuc tdc clorua paladi. Trong méi trudng axit, xic tic s& ¢
dang phic H,PdCl,.

Phan ing xay ra dya trén tuong tic giita olefin va xd¢ tdc cloruapaladi:

CH,=CH; + PdCl; + H;O0 ——» CH3CHO + Pd + 2HCI

Véi cdc dong dang cia etylen, vi du propylen, san phdm sé& 1a dang xeton:

CHp=CHp-CH; + PACl, + Hy0 — CHy-(-CHy + Pd + 2 HCI
O

Khi oxy hod két hop etylen véi axit axetic, sdn pham cta qud trinh 13 vinyl
axetat.

CHy=CH, + CH;COOH + 120, — CH;=CH-OCOCH; + H,0

Xiic tic ¢6 the sit dung 12 hén hop PdCl,, CuCl, trong pha 16ng, hodc Pd mang
trén chat mang Si0,, Al,O; tién hanh trong pha khi.
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Co ch€ cha qud trinh oxy hod néi doi xdc tic phic kim loai d€ tao hop chat
cacbonyl gém cdc giai doan sau:
Olefin tao phie véi xdc tic PdCl, trong méi trudng axit clohydric:

CHy=CH, + PdCl, +2HCl == [ PdCly=—CH=CH, | +cr + 21*

Phttc tao thanh tham gia phan dng chuyén vi ngoai phan tr véi nudc, tao hop
chat trung gian hoat dong:

[PdClg*'*— CHzZCHzI +H0 == (HOCHZCHzF’dClz)- + CI + H*

Chuyén hod hop chat hoat dong thanh hydroxyetyl paladi va tdch san pham:

(HOCHZCHdeClz) + CI" + H* CH;CHO + Pd + H' + 2CI°

Kim loai paladi duge hoan nguyén trd lai dang xdc téc ban ddu nho phan ing
oxy hod bang CuCl,:

Pd +2CuCl, === PdCl, + 2 CuCl

Clorua déng 1 dugc tdi sinh bang oxy hod trong dong oxy khong khi ¢6 mat
HCI:

2CuCl + 2HCl + 120, —» 2CuCl, + H,0

Phan ing tong ciia toan bo qui trinh:

PAC]
CHp=CH, + 2 CuCl, + H,0 — o CH;CHO + 2CuCl +2 HCl

2CuCl + 2HCI + 1120, —= 2CuCl, + H,0

CH2=CH2 + 1;"‘2 02 o CH3CHO

6.2. CONG NGHE OXY HOA
6.2.1. Oxy hoa hydrocacbon no

Oxy hod hydrocacbon no la mot qua trinh khong dé thyc hién trong coéng
nghi¢p vi nguyén liéu ndy rat bén vitng, khé bi oxy hod. Ngoai ra, qué trinh tugng
d&i khé kiém sodt vi phdn ting luon ¢6 xu hudng oxy hod hoan toan tao CO, va nudc,
mot qud trinh tod nhiét rat manh. Céc qud trinh oxy hod trén co s& hydrocacbon no
trong cong nghiép phd bién ¢ reforming hoi metan va cic hydrocacbon cao hon dé
san xuat hén hop CO va khi 18ng hop, oxy hod metan san xuat formaldehyt, oxy hod
butan san xuit anhydrit maleic, oxy hod parafin sin xuét hén hop rugu cao, xeton,....
Axetaldehyt, clng véi rit nhiéu cdc sdn phdm chita oxy khdc duoc san xuit trong
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cong nghiép nhd qud trinh oxy hod pha hoi cdc parafin nhu cdc butan va hén hgp
propan/butan hay phd bién hon cd 12 tir xang nhe theo cong nghé Celanese. Mot nha
mdy vdi nang suat 90 nghin tdn/ndm da duge xay dung tai Bishop, Texas nam 1946
nhung di déng clra sau 26 nam hoat dong.

Hién nay, qud trinh oxy hod trén co s& loai nguyén liéu ndy cdn ¢6 ¥ nghia
thue tién va quan trong trong céng nghiép, d6 1a oxy hod cic naphtha san xuit axit
axetc.

Qud trinh thudng duge tién hanh trong pha long, theo co ché phan tng chudi
g6c tu do, qua giai doan tao hgp chat trung gian hydroperoxyt. Hop chat hoat dong
nay sé phan ¢ng va phan ly d€ tao ra mét loat cdc sdn phidm chita oxy khidc nhau.
Nguyén liéu cang phiic tap, san phdm cang da dang.

Ciing gi6ng nhu trong t4t ca cdc qua trinh loai nay, néu la phan Ung tu xuc tac
thi giai doan cam Ung tuwong d6i lau. Dé nit ngin thdi gian, ngudi ta thudng sir dung
cdc xtc tdc nhu mudi axetat cia coban, crom, vanadi hay mangan. Toc do oxy hoa
ting theo s& nguyén tir C c6 trong hydrocacbon nguyeén liéu vi véi mitc do thing cila
mach hydrocacbon. Vi du, néu téc do phan ting véi etan 12 1 thi v6i propan gid tri
nay dat dén 100, ting tGi 500 d6i véi n-butan, va dat 1000 véi n-pentan. Nhiét do cua
qud trinh oxy hod thudng duy tri trong khoang 130 - 200°C, thich hgp nhét 1a 160 -
180°C. Ap suat dugc cip di 16n dé duy tri moi trudng phan dng trong pha 16ng, hodc
trong khodng 4 ,5 — 5,5 MPa d4i véi n-butan, 2 - 4 MPa d6i v&i naphtha.
6.2.1.1. Oxy hod n-butan

n-Butan dugc chuyén hod thanh axit axetic theo phan ting téng sau:

CyHyy + 520, — 2CH;-COOH + H,O  AH = -990 kJ/mol

Cac san phdm phu tao thanh c¢6 thé chia thanh hai loai dua vao nhiét do soi so
v&i nudc. Loai ¢4 nhiét do s6i thadp hon nhiét do s6i cha nude nhu etyl axetat, metyl
etyl xeton, metyle vinyl xeton...va loai ¢6 nhiét do s6i cao hon nhu cdc axit formic,
propionic, acrylic, butyric, sucxinic, dimetyl glyoxal, axetyl axeton, axetonyl axeton,
butyrolacton...

Cdc nha thiét k€ cong nghé chinh cho quad trinh nay 14 Celanese, véi nha mdy
ddu tién xay dung tai Pampa, Texas nam 1952 véi nang suat 230 nghin tan/nam,
Hiils, v&i nha mdy & Marl 40 nghin tdn/nim nhung dén nay di déng clra. Cong nghé
Celanese lién quan dén qud trinh oxy hod st dung xtc tdc mudi Co hoic Mn, va
trong cong nghé Hiils, qué trinh ti€n hinh khong cin xdc tic. Cdc nha cung cdp bin
quyén khdc c¢é thé ké dén Ia Distillers, Union Carbide...
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6.2.1.2. Oxy hod xdng nhe

Qua trinh nay do hang Distillers thiét k&€ va duoc BP Chemicals duva vae :éng
nghiép hoa & Saltend (Anh) vdi cong sudt 190 nghin tdn/nim, & Yerevan (Mua) véi
cong sudt 35 nghin tdn/nam, duge Rhone-Poulenc phdt trién tai Pont de Claix (Phip)
ciing v4i cdng suat twong tu, v duge Dainippon Chemical xay dung tai (Jhat véi
nang suat 15 nghin tdn/nam.

Cong nghé vin hanh trén nguyén liéu xang nhe (naphtha) cd nhiét do séi trén 12
95°C. Qud trinh oxy hod dién ra véi tic nhan oxy hod 1a khong khi, trong thiét bi
phan itng dang thdp duge thiét k& dé dat duogc hén hop pha khi va long hiéu qua va
dim bao kiém sodt nhiét do t6t vi phdn Gng tod nhiét rat manh (AH = —420 kJ/mol
oxy chuyén hod). Hé théng van hanh véi diéu kién céng nghé trung binh: nhiét do
180 - 185°C, dp suat 4,5 - 5 MPa, ty 1é khéi lugng cxy/nguyén liéu t8i thiéu 0,5 tai
dong vao thiét bi phan tng. Nhiét cia phan tmg tich ra duge sit dung cho qud trinh
san xuat hoi dp suat thap. Dé chang lai su an mon cua cdc axit hitu co, céc thiét bi tai
khu vure phan ing cua nha mdy duge 1am bang thép khong gi ¢6 chira titan hoac niobi
(Cr = 18%, N1 = 14,5%, Mo = 2,5%, Ti = 0,3%, Nb = 0,6 — 0,8%) va mo6t phan 16n
cdc thiét bi trong khu vuc phan tich dugc 1am bang déng.

Ngoai san phdm chinh 13 axit axetic, cdc san phdm phu khdc nhu cédc axit
formic, propionic, butyric va sucxinic cling dugce hinh thanh cing véi CO,, CO, nude
va mot loat cdc sdn phdm chia oxy ¢6 khéi lugng phan tr 1dn. Cic sin phim phu
khdc (axit oxalic, glutaric, adipic...) dugc tudn hodn trd lai thiét bi phan dng. Xdc tic
dugc st dung cho quad trinh 13 mudi coban gidp ting hi¢u suit axit axetic, giam hiéu
sudt axit formic va cdc axit ¢6 chida nhiéu nguyén tir C. Bang cdch thay déi diéu kién
phan tng, ¢6 thé thay ddi duge thanh phan san phidm véi cic loai axit khdc nhau. Do
dé, trong nhd may clia Rhone-Poulenc, san phim duogc giéi han véi ba loai axit:
formic, axetic va propionic. V& nguyén tac, cdc dong san pham duge xir ly qua cic
budc sau (hinh 6.1):

= Cdc san phdm khi duge [am mat téi nhiét d6 moi trudng dé ngung tu phan 16n
cdc cfu tir khé bay hoi, sau d6 1i€p tue 1am lanh xudng dudi 0°C dé thu héi cdc
hydrocacbon chira chuyén hod. M6t hé théng trao déi nhiét két hgp v6i hé théng tudc
bin gidin n& ha nhiét do thich hop c6 thé dua nhiét d6 xudng thap dén mic cin thiét
ma khong can sir dung thiét bi 1am lanh dic biét.

» Céc san phim 1dng duge xir Iy trong mot loat cdc thap chung cal (khoang 13
thdp). Trude tién, cdc sdn pham nhe va san phim ndng duge tich riéng. Phin 16n
nuée duge tich bd nhd qué trinh chung ding phi véi su 6 mat clia isopropyl ete.
Mot cong nghé mdi str dung toluen duge sit dung dé tach va tinh ché axit formic. Céc
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axit axetic va axit propionic tinh khiét dugce tiach va tinh ché bang cdc thip chung cat
théng thuong. Tuy nhién, trudc khi tinh ché, axit propionic duge xir ly trong dong
hydro dé loai bé hoan todn cic hgp chat khéng no. Tuy ting trudng hop, axit
sucxinic c6 thé duge téch ra tir phdn cian bang qua trinh két tinh.

Khl du Dung mai
rgl;éj izo-propyl ate
Thép chist '
Naphtha = =
5 <3 2
= sl w
B H =
= ] i
[w) = “O:
o 8L |2
Khong khi |__ = = =
A, butyrie NUSo
£ z 2
2 & . £5| Axitpropionic
=] % ] £2
= 5 3 g2
g2 L k¢ .
& s NUAC va
< h axit
propionic

Hinh 6.1. Cong nghé Distillers oxy hod naphtha sdn xudt axit axetic

6.2.2. Oxy hoa olefin

Day 1a qud trinh oxy hod xic tdc cong nghiép quan trong nhat trong téng hop
hitu co va hod dau. Nhitng ¢ng dung quan trong ciia né 1a oxy hod etylen san xuit
etylen oxyt, axetaldehyt, oxy hod propylen san xuat axit acrylic, axeton, oXy hod cic
olefin cao san xuit rugu...

6.2.2.1. Oxy hod etylen sdn xudt etylen oxyt

Etylen oxyt (t,,; = 10,7°C) 1an dau tién duge san xuat cong nghiép theo phuong
phdp oxy hoa truc ti€p etylen nam 1938 do Union Carbide thuc hién. Hai nim sau,
lrgng etylen oxyt san xuat theo cong nghé nay da chiém dén 10% téng san lugng
etylen oxyt ca M¥ va ké tir nam 1973, qud trinh da dugc dp dung tai hiu hét cdc nha
may trén thé gidi.

@ Phan tng:
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Céc phéan dng chinh xay ra trong qud trinh gém:

CH,=CH, + 120, —> CH,-CH, AHSge = — 105 kI/mo.
0

CH,=CH, + 30, —= 2CO0O, + 2H,0 AH3¢ = - 1330 kJ/mol. .

CH»CHy + 520, —» 2C0O; + 2H,0  AHy, = - 122: kJ/mol
o |

Tat ca cdc phan (ing, dac biét 1a hai phan dng cuéi tuong ng vdi qué trinh oxy
hod hoan 10dn etylen vi oxyt clia né, thanh CO, va nudc, la cac phéan ing toa nhiét
manh va tri¢t d€ trong diéu kién téng hop etylen oxyt. Dé dinh huéng qud trinh theo
chicu huéng phan ing thir nhat, doi héi phéi cé xtc tdc kim loai. Co ché dinh hudng
cua xic tdc nay da duge dé cap trong phén ly thuyét qud trinh oxy hod xic tdc kim
loai. Quad trinh bién d6i dugce gia thiét dya trén su hip phu cha etylen trén bé mat xuc
tac, cung vdi su hdp phu cta oxy di phan ly thanh cdc nguyén tlr mét phin hoac hoan
toan. Theo co ché nay, hiéu suit t6i da cha qud trinh 13 80% mol.

Vi qud trinh oxy hod etylen, co ché tao a-oxyt véi su dinh hudng cha xiic tac
kim loai nhu sau:

5SM+ 50, —= 3MO,

4 MO, + 4 CHy=CH; —» 4CI\{\2-EH2 + 4 MO
0

4MO + CHy=CH, —= 2CO +2H,0+ 4M

2C0 + MO, —» 2C0, + M

5 CH2=CH2 + 5 02 et 4 C\I:lz-/CHz + 2 C02 + 2 Hzo
0]

® Xic tac:

Cdc h¢ xtc tdc sir dung cho qua trinh nay trong c6ng nghiép hién nay chi yéu
dua trén co s& bac kim loai (10 - 15% KL) mang trén chdt mang ran cé cau tric x3p.
Chat mang dugc sir dung phé bién nhét 1a o-oxyt nhom, ngoii ra con cé oxyt silic-
oxyt nhém va cacborundum. Xic tac duge bé sung céc kim loai kiém thé nhu Ca, Ba
lam tic nhén khoi mao, xdc ti€n qua trinh va chdng lai su thiéu két. Mot s6 phu gia
khédc nhu dén xuat halogen hitu co ciing c6 thé duge bé sung dé 1am tang do chon loc
qué trinh va giam cdc phan ng chdy. Tuy nhién, d6 chon loc ciia qué trinh vin thap
hon 70% va t6c do giat phdng nhiét 1a 500 kJ/mol etylen chuyén hos.
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® Nguyén liéu:

Mic do tinh khi€t clia etylen nguyén liéu khong giy anh huong 16n tdi qua
trinh oxy hod, v6i di€¢u kién ham lugng axetylen, Ivu huynh vi CO khong vugt qud 2
ppm méi loai. Hién nay etylen duge san xudt tir qud trinh reforming hai hoan toan
thod min diéu kién niy.

Tdc nhan oxy hod sit dung cho qué trinh ¢é thé 1a oxy hoac khong khi. Tuy
nhién, dudng nhu s dung oxy tinh khiét mang lai hiéu qua kinh t& cao hon do trinh
duge su mat mat cdc vat liéu trong thanh phan khi thai nén tai hau hét cic nha mdy
hién dai. ngudi ta déu sir dung oxy tinh khiét.

@ Cic di€u kién van hanh:

Dé dat dugc hiéu suit 16i ww, nhiét 4o cha qud trinh phai duge duy trl ¢ 260 =+
290°C. Néu nhiét do qud 16n so v61 cdc gid tri nay thi cdc phdn ing chdy sé xay ra va
khi d6 toa nhiét rit manh. Mic db cdc tinh todn vé nhiét dong hoc déu chi ra ring, dp
sudt khong anh hudng téi do chuyén hod va nhiét do phan ting. Tuy nhién, dp sudt
van hanh nén duy tri & 1 + 3 MPa dé 1am cho qud trinh hép thu ti€p theo cla oxyt
etylen viio nudc dugc dé dang. Do chuyén hod ting khi thdi gian phan tdng tang,
nhung dé dat do chon loc cao, cdc nha mdy cong nghiép déu gisi han thdi gian luu ti
1 + 4 giay. Toc do oxy hod etylen ty 1& vdi nong do oxy. Diéu nly c¢é nghia [a ty 1&
khong khi/etylen ¢ anh hudng rat 1dn t6i do chuyén hod va hi¢u suit qua trinh. Tuy
nhién, trén thue t&€, néng d6 etylen t61 uu duge xde dinh boi gidi han chdy cua hén
hop vdi oxy hodc khong khi, va béi lugng olefin mat mat trong dong khi thai.

Vi ring, trong cdc diéu kién binh thuong, ty 1& hén hop khong khi/etylen nim
trong khoang tu kich né tir 2 + 28,6% TT etylen (d6i v6i hén hop khong khi va
ctylen oxyt, gidi han dudi 1a 2,5 = 3% TT oxyt, va giéi han trén gin 100%), nén dé
duy trl néng do etylen dust 3% TT trong ca hai trudng hgp, cin phdi sir dung dong
khi tro. Sy c6 mat ctia CO,, cé thé tao ra tir phan ting chdy trong qud trinh oxy hod,
¢6 thé gidp 1am gidm ving bat chdy cOa hén hop. Ngay nay, metan ngay cing duoc
st dung nhiéu cho muc dich nay vi né ¢é nhiét dung va do din nhiét 16n hon nito.

® Sin xuat cong nghiép

Hon hop nguyén liéu (etylen, oxy va khi tro) sau khi gia nhiét nhd trao déi
nhiét v4i dong khi ra duge dan vao mdot diy cic thiét bi phan tng hinh 6ng. Dudng
kinh trong 12 + 50 mm, dai 12 m lam bang thép khong gi dat song song. Ddng
kerosen chay xung quanh phia bén ngoai cdc dng ¢é nhiém vy téch nhiét phan iing.
Mot thiét bi dun soi phia bén ngoai s&€ tin dung nhiét cia cdc dong kerosen nay cho
qud trinh san xuét hoi.
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Khi san pham dugc lam mat trong thiét bi trao déi nhiét va di vao thdp hap thu
bang nudc mém chita cac vong dém 1am viéc dudi dp sudt. Mot phdn 16n khi ra khoi
thap hap thu cé chira etylen chua chuyén hoa duge tudn hoan tré lai thiét bi phan img.

Dung dich nuéc giau etylen oxyt dugc dua dén khu vire tinh ch&. Né dixge dan
vao thip nha hdp thu d¢ phan tich etylen oxyt ra & dinh thap. Dung dich 1udc ra &
ddy thdp dugc tuan hoan tré lai thdp hap thu. N6 ¢6 thé duge xir 1Y trong mot thiét bi
phu dé tich glycol. Dong san phdm dinh 13 oxyt etylen cdn 1da CO,, axetaldehyt va
cdc vé€t hydrocacbon duge chuyén sang ba thdp chung cét dat néi ti€p. Thip ddu dé
tdch phan nhe, thip tha hai c6 khodng 20 dia dung cho qu.d trinh dehydrat hod va
thap thit ba (khodng 50 dia) dung cho tinh luyén. San pham cla qué trinh la etylen
oxyt ¢6 ham lugng axetaldehyt thap, ton trit & dang long trong cdc bé chita dudi 4p
suat khi nito.

® Qua trinh cong nghé:

Trong cong nghiép, c¢6 hai loai cong nghé phé bién, duge phan biét boi tic
nhan sir dung cho qua trinh oxy hod, d6 12 cong nghé st dung khong khi (Distillers,
IG Farben, Scientific Design, Union Carbide) va cong nghé sit dung oxy (Chemische
Werke-Huls, Japan Catalytic, Scientific Design 2, Shell, SNAM Progetti).

Dic diém chung cua cdc cong nghé nay la déu sir dung xic tic Ag cd dinh,
tudn hoan etylen chua chuyén hod va phan xudng sin xuit gém hai phén: téng hop
etylen oxyt va tinh ché. Di€m cén luu ¥ cita cdc cong nghé nay 1a phueng phép téch
nhi¢t phan tmg phai thathiéu qua d€ duy tri nhiét do cha phan ing trong khodng hep.
Diéu niy c6 thé dat duge bing cich gidm do chuyén hod etylen, tudn hoan sin pham
lanh va lam lanh ngoai 6ng xic tic.

* Cong nghé Shell (hinh 6.2)

Cong nghé nay dugc cong nghiép hod tir nam 1958, sir dung cdc nguyén liéu Ia
oxy tinh khi€t 95 + 100% TT va etylen ¢6 chida 10% TT metan. Cong nghé ndy hién
dang dugc sir dung tai khoang 35% nha mdy san xuft etylen oxyt trén the giéi. Ty 1&
mol giffa hai cdu tit nguyén liéu chinh c6 thé thay déi tir 7 dén 1 va hén hop khi
nguyén liéu co chaa 10 - 40% etylen. Ham lugng olefin cao nhu vay s& tao ra hén
hop luén nam trén khoang gidi han bt lira trong cdc diéu kién cla qud trinh phan
ing.

Nhiét do coa qud trinh duge duy tri & khoang 250 + 270°C va 4p suat khoang
1.2 MPa. D¢ chon loc mol cao, khoang 72%, v&i do chuyén hod moét lugt 13 18% va
16ng hiéu suat dat 65% mol. D& dat dugc cdc yéu ciu nay, chat tang d6 chon loc
etylen clorua s€ dugc thém vao dong nguyén liéu v6i néng do 5 ppm.
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* Cong nghé Scientific Design (hinh 6.3)

Nhu cau vé van hanh hé théng voi su ¢é mat cta cic chit pha lodng da 1am nay
sinh ¥ tudng sir dung khong khi nhu mot téc nhan oxy hod. Tuy nhién, sau giai doan
phan dng, phuong phap nay doi hoi loai bd toan bo phin khi tro gay nén su mat mat
etylen 1n (4 - 5%). D€ giam thi€u sy ling phi nguyén liéu ndy, Scientific Design,
vdi nha mdy dau tién van hanh nam 1953, d4 tién hanh qud trinh oxy hod trong hai
thiét bi phan ttng dat ndi ti€p.

Hén hop khong khi va etylen vdi ty [ mol 10/1 dugc ha thap xudng 7 + 8/1
nho dong khi tuan hoan giau khi tro duge din vao thiét bi phan tng tha nhat. Cic
thi€t bi phan dng nay lam viéc véi do chuyén hod thap (25 + 30%) nén cho do chon
loc cao (70%). Dong san phidm ¢6 chira 2 + 3% etylen dugc lam mat xuéng 40°C nho
trao d6i nhiét v6i dong nguyén liéu vao. Sau khi qua thiét bi hap thu diu tién, khoang
60% dong san pham duge tudn hodn trd lai. Phin cdn lai duge bé sung khong khi,
nang ty 1¢ khong khi/etylen lén 8/1, dugc din vio thiét bi phan tng thit hai, van hinh
vdi do chuyén hod cao (75 + 80%) va chon loc thap hon (50%). Thiét bi hap thy thy
hai duoc sir dung dé chi€t etylen oxyt bing nuéce. Nhiét do céc thi€t bi phin itng dao
dong trong khoang 200 + 315°C va &p suat tir 0,85 + 1,2 MPa. Téng hiéu suat qué
trinh 1la 60 + 65% mol.

Scientific Design ciing cung cdp mot cong nghé khéc sit dung tdc nhan oxy hod
ta oxy van hanh tuong tu nhu cong nghé Shell. Téng sin lugng clia ca hai céng nghé
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Scientific Design ndty chi€m khodng 55% tugng oxyt etylen dugc san xudt trén the gidi.

Ngoai hai loai cong ngh¢ trén diy, mot s hing ciing dé xudt va st duag cic
cong nghé tuong tu nhung it dugc ing dung trong cong nghiép hon nh'r Japan
Catalytic Chemical Company, Chemische Werke-Hiils, SNAM Progeiti and
UnionCarbide, Dow and Montecatini.
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Hinl 6.3. Cong nghé Scientific Design oxy hod etylen
bang khong khi sdn xudt etylen oxyt

Tat ca cdc cong nghé hién nay déu ¢6 chung mot yéu diém [ hiéu suat tinh
theo ctylen thap, trong s& d6 30% chuyén hod thanh CO, va H,0. Rat nhiéu nd luc
nghién ciiu thir nghiém da duge thuc hién dé cai thién do chon loc bing cich bién
tinh xudc tdc, nhung chua ¢6 nghién cttu nao thanh céng trong coéng nghiép va vuot
khoi giéi han dé chon loc nay.
6.2.2.2. Oxy hod etylen san xudt axetaldehyt

Hién nay, day la phuong phidp dugc s dung rong rdi nhit dé sdn xuat
axctaldehyt v6i mo hinh ban dau cha Wacker Chemie v phdt trién manh vio nam
1956 v&i hai loai cong nghé. Mot trong s3 hai cong nghé nay do Hoechst dé xuat, sit
dung oxy {am tic nhan oxy hod, con cong nghé tha hai do Wacker thiét k& sir dung
khong khi. Ca hai loai cong nghé nay déu dugce dua vao sén xuit cong nghiép tlr nam
1960.
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® Nguyén tic qua trinh:

VE 1y thuyét, qué trinh bi€n d6i ndy véi su c6 mat cha xiic tdc paladi clorua
trong mdi trudong axit clohydric thic ddy sy tao phifc n vdi etylen, sip x&p ngoai
phan tir véi nudc tao ra hop chat trung gian hoat dong hydroxyl paladi vi cuéi ciing
phan ly tao thanh axetaldehyt va kim loai paladi. Co ché phan ting di dé cap chi tiét
trong phan 1y thuyét.

Phan ng téng cha qua trinh ¢6 dang:

CH,=CH, + 120, — CH;-CHO AH%4 = — 244 kJ/mol

Xét vé dong hoc clia phan ing, téc do cha sy tiéu thu etylen (V) hay su tao
thanh cia aldehyt c6 dang:
v = KIPICIZ ][C,H, ]
[HJCr )?

K¢t qua 13, néu sy ¢6 mat cla paladi clorua tao thuan lgi cho qud trinh, thi su
¢6 mat clia cdc ion H' va C1 lai thé hién hiéu itng tc ché. Do dé, dung dich xic tic
dong clorua ¢6 chita clo dudi ty lugng s& hoat dong hon so véi 1y thuyét, hay ndi
cdch khdc, thé hién ty 18 CI/Cu la 2/1. Diéu nay lam thic ddy qué trinh tao déng
oxyclorua, mét muéi kiém hoat dong nhu tic nhan trung hoa dé giam néng do ion H*
tao ra trong qua trinh phan dng.

Chuyén hod oxy hod thudng xay ra & nhiét d6 80 = 90°C, dp suit 0,2 = 5 MPa,
va h¢ xic tdc ciing dugc téi sinh trong cdc diéu kién twong tu. Vi vay ca hai qud trinh
cé thé duge két hop tién hanh. Dung dich xiic tdc ¢6 chita s6 nguyén t&r Cu 16n hon
50 + 500 lan so vé&i Pd, va ty 1¢ nguyén tir Cl/Cu thay déi tir 1,4 + 1,8/1. Tuy thude
cong nghe sit dung, dé chuyén hod etylen 1 lan la 20 + 50% (cong nghé mot cip) va
dén 90% (cong nghé 2 cip), loai bd duoc nhu ciu tuidn hoan nguyén liéu chua
chuyén hod.

Trong cé hai trudng hop, hiéu suit mol axetaldehyt 12 95%. Céc sin phdm phu
chii yéu 1a axit axetic, axit oxalic, crotonaldehyt, v hiang loat cac hop chat chia clo

hitu co khac (metyl va etyl clorua, cloroetanol, cloroaxetaldehyt, clorcrotonaldehyt,
cloroaxetic axit...).

Dé trdnh tao khoang bét lira ctia hén hop khi (8 + 20% TT oxy & diéu kien 4p
suat thdp, 8 + 14% & dp sudt cao), ty 1& oxy/etylen phai duge gift & mitc dudi hé s6 ty
lugng, hay néi cach khdc, v6i ndng d6 oxy dudi 8% TT.

® San xudt céng nghiép:

» Cong nghé Wacker-Hoechst mot giai doan:
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Theo mo hinh cong nghé nay (hinh 6.4), etylen c6 dé tinh khiét cao (99,8% TT
va oxy (99,5% TT) duge trén véi hoi pha lodng va dua vio & cdc vi tri khdc nhau
phia duéi thap phan tng lam bang titan cao 20 m, c¢6 10 = 15 dia 16 va chita dung
dich xtc tdc. Qud trinh chuyén hod dién ra ¢ 0,3 + 0,5 MPa, nhiét do 120 + 130°C
duge duy tri nhd qua trinh bay hoi mot phan méi trudng phan ng (dac biét I nudc)
dé tdch nhiét sinh ra do qud trinh oxy hod cila etylen.

Cdc dong san phdm ra & dinh thdp phin tng dugc dua que. thiét bj phan tich, tai
ddy ching dugc ngung tu mot phan. Pha 1ong thu héi duge tudan hodn .6 lai. Cac khi
con lai duge dua t6i thap lam lanh nhanh, tai day, nhiét do cta hén hgp dugce lam
lanh tir 125 xudng 50°C va sau dé chuyén dén thép ria bing nude dé thu héi hugng
nhé axetaldehyt bi 16i cudn theo khi thai. Cic khi nay giadu etylen chua chuyén hod
duoc nén lai va dua trd vé thiét bi phdn ung. Mot padn nho (1%) duoc xa dé ngan
ngira sy tich tu cdc chat tro (dac biét la nito) trong vong khi tudn hoan. Axetaldehyt
lodng (8 + 10% KL} thu dugc sau khi lam lanh va rira nudc duge cé dac va tinh ché,
trude hét bing qua trinh cat tdch cac san phfm nhe trong thap khoang 25 dia, sau dé
tich cdc sin pham nang vk nudc trong thép thi hai (20 dia). Axetaldehyt cé d¢ tinh
khiet 99,7 + 99,9% KL duge thu héi & dinh thdp. Dong san phdm phu 14y ra & canh
sudn thip duge dua di tdch crotonaldehyt cling nhu nhiéu loai hgp chat hitu co khic.
San pham day chia chd yéu 12 nude, axit axetic va cdc san phim nang khic. Mot phan
dong sdn pham nay bi loai bd, nhung phan 16n 1a duge tuin hoan lai giai doan rira.
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Hinh 6.4. Cong nghé Wacker-Hoechst mot giai doan
oxy hod etylen sdn xudt axetaldehyt
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Dong xic tac Iong tir thiét bi phan tdch s& duge chuyén sang thiét bi tdi sinh
xiic téc lam viéc o 170°C, c6 mat oxy sé phan huy oxalat déng tao thanh trong qud
trinh oxy hod tra lai hoat tinh cho xiic tdc. Dé ngan ngira hién tugng an mon, cic
thi¢t bi déu duge lam bang thép khong gi hodc titan, hoac ¢ 16t trong bing titan
hoac cdc chat déo...

Vi cong nghé nay, do chuyén hod etylen mot lan dat 25 + 30%, tdng hiéu suat
94% mol so v&i nguyén liéu dau, va 90% so voi oxy.

* Coéng nghé Wacker-Hocchst hai giat doan:

Cong nghé ndy ¢ vu viét ta cé thé cho phép hé théng van hianh véi nguyén licu
etylen khoéng thit tinh khiét (d6 tinh khi€t chi yéu cau 95% TT), va sir dung khong
khi lam tdc rhian oxy hod. Tuy nhién qud trinh nay doi hoi chi phi ddu tv co ban I1én
méc dil cdc tic nhin phan dng chua chuyén hod khong duoc tudn hoin tai.

Hinh 6.5 m6 ta so d6 khéi cong nghé Wacker-Hoechst hai ¢ap. Etylen va dung
dich xtc tdc duge dua dong thoi vao thiét bi phan (ng bing titan van hinh ¢ nhiét do
110°C va 0,8 + 0,9 MPa. Dong san pham tao thanh dugc xd nhanh dudi dp suit khi
quyén. Nh¢ nhiét phan tng, axetaldehyt va nuéc déu nidm trong pha hoi. Con pha
long chia cha yéu xdc tdc duge bom ¢ dp sudt 1 MPa tdi thiét bi 1di sinh CuCl. Day
cing la mot thieét bi phan iing hinh 6ng lam viéc o 100°C v6i dong khong khi nén.
Sau khi phan tiach cdc khi thai (ch y&€u la nito) nhd x4 dudi dp sudt, khoi dung dich
xuc riac da tdi sinh duoc dua trd lai giai doan phan tng ddu tién. Mot phan nhd duoc
1am sach va gia nhiét t6i 160°C d€ phan huy cdc san pham tao thanh (oxalat déng).
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Hén hop khi gdm axetaldehyt v hoi thu duge tr qud trinh x4 dudi 4p suat,
trude hét duoc co dic t6i 60 + 90% KL trong thiét bi chung cat so bd (10 dia'. Cic
sdn pham nhe va nang (nudc, axit axetic) duge loai bo trong hai thap ti€p then, tuong
ting chita 25 va 20 dia. Thap thi hai duge thiét ké d¢ 1ay dong san pham bén chi yéu
la cac aldehyt chira clo.

Trong cong nghé nay, dé chuyén hod etylen mot 1an dat 97 + 98% va hiéu suit
mol 94 + 95%.

6.2.2.3. Oxy hod propylen sdn xudt axit acrylic
® Nguyén tic phin ng:

Qud trinh oxy hod propylen san xudt axit acrylic dya trén cdc phan tng toa
nhiét tién hanh theo 2 giai doan vd&i hop chit trung g.an [a acrolein:

CH,;=CH-CH; + O — CH,=CH-CHO + H,0  AHS = — 340 kJ/mol
CH,=CH-CHO + 1120, — CHy=CH-COOH AH$gg = — 250 kJ/mol

Rat nhiéu san phim phu khdc nhau dugc hinh thanh trong qua trinh chuyén
hod (axectaldehyt, axit axetic, CO, CO;) chi y&u xudt phit tir cdc phdn ving chdy mot
phdn v hoan toin vi cdc sdn pham clia qud trinh polyme hod. D€ hudng phan ing
xay ra theo chiéu huéng tao acrolein va acrylic axit, rdt ngan giai doan cdm ung va
duy tri nhiét dé qud trinh & mic thip (dudi 400 hoac 500°C), cin s dung cdc hé xdc
tdc ¢6 do chon loc cao,

Loai xdc tac ddu tién duge sir dung 1a oxyt dong hoac cdc kim loai nang dugc
mang trén chit mang 1a SiO, hoac Al,O;. Cdc hé xtc tdc ngiy nay st dung cho giai
doan thit nhat thudng 13 hén hop clla cdc oxyt khdc nhau didu ché tir muéi bismut,
kali, coban, sit, niken, thiéc, telu, vonfram,... cdc axit molipdic hoac silicomolipdic.
Cic xudc tdc niy lam viée & didu kién 300 + 350°C, 0,1 + 0,3 MPa, v6i su ¢ mit cla
hoi nude (ty I¢ mol nudc/propylen khoang 4/5) v khong khi, hodc ¢6 thé 1a oxy pha
lodng bang nito (ty 1é oxy/propylen khodng 2/1). D¢ chuyén hod mot fan tir 90 =+
953% va hiéu sudl acrolein va axit acrylic la 80 + 90% mol.

Qua trinh chuyén hod acrolein dién ra véi sy ¢6 mat cla cdc xdc tdc trén co sg
hén hop cdc oxyt molipden va vanadi tdm thém mot $6 hgp chat cha vonfram, ddng,
crom, telur, asen... va dugc thiét k& dé cai thién cdc hoat tinh, hiéu qua lam viéc &
nhi¢t do thap. Cdc xic tdc ndy lam viéc & nhiét do khoang 250 + 280°C, dp suat 0,1
+ 0,2 MPa, cé mit hoi nude (ty 1¢ mol nudc/acrolein khodng 5/7) va khong khi, hoic
oxy pha lodng (1y 1& oxy/acrolein khoang 2/1). D¢ chuyén hod mét ldn tir 95 + 97%
va hiéu suat mol axit acrylic trén 90% tinh theo acrolein.
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® San xuat cong nghiép:

Cac cong nght ridi nhat (dic biet 1d Toyo Soda) khéng bao gém phdn phan
tich va tinh ch€ trung gian acrolein. Cic céng nghe nay st dung hai diy thiét bi phan
ing noi ti€p van hanh & nhing diéu kién khic nhau véi cac thanh phan xtc tdc dic
trung dua trén ¢ so oxyt molipden. Céc thiét b phan ing 1a hé dng chum 6 dong
muoi ndéng chdy tuan hoan giita cic éng dé tich nhiét phan tng, dam bao kiém sodt
nhi¢t do hiéu qua va tan dung nhiét san xuat hoi dp suat thap. Xiic tdc duge phan
phoi cang dong déu cing tét trén 16p dém 6 dinh dit trong cdc 6ng phan ing, dim
bdo su déng nhit vé dp suat, téc do ddng, dd chuyén hod... va ca vé tudi tho xic tic.
Céc tac nhan phin tng di chuyén tr trén xuéng dusi qua 16p xiic tac, phia trén 16p
xuc tdc duge phii moét 16p chat rin tro d€ gia nhiét nguyén liéu.

Hinh 6.6 m6 ta so do hoat dong ciia cong nghé oxy hod propylen hai giai doan
san xuat axit acrylic. Propylen méi véi do tinh khiét hon 90% TT va propan véi ham
lrgng nhoé hon 4,5% TT duge hod hoi trong thiét bi trao ddi nhiét sir dung cdc dong
néng 1ay ra tir thi€t bi x&r Iy 1am maét. Sau dé, hoi vi khong khi duoc tron cung déng
nguyén liéu sao cho hén hgp cusi cling c6 chita trung binh 4 + 5% TT propylen, 30 +
40% TT nudce, 55 + 65% TT khong khi. Hén hop nay tiép tuc duge gia nhiét nhd trao
d6i nhiét v&i dong san phdm tir thiét bi phan tng thi nhat.
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Hinh 6.6, Cong nghé oxy hod propylen hai giai doan sdén xudt axit acrylic
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Dong nguyen liéu ¢6 ham lugng hoi va oxy da duoce didu chinh duge din truc
ti€p vao thi€t bi chuyén hod thit hai sau khi di dugc gia nhiét nhd trao ddi nhiét véi
cdc san phdm ra khoi thié€t bi phan tmg. Trong céc giai doan lam mét cdc dong khi
tao ra tr qud trinh chuyén hod, cdn dim bao rang nhiét do cia chiing vén trén diém
swong dé tranh hién tugng an mon manh.

D¢ ngan ngira nhiing su bién déi ti€p theo, cdc san phdm tao thanh duge lam
lanh nhanh va hip thu. Bang qud trinh tuin hoan nuéc hoac dung moi hitu co ¢é
nhiét do s6i 16n hon nhiét do so6i cla axit acrylic (vi'dy, dietylphtalat), nhiét do ca
dong san phdm s& duge ha tir 140 + 150°C xuéng 65 + 70°C. Giai phidp ding dung
moi hitu co ¢ xu huéng don gidn hod cic qud trinh tinh ché tiép theo, tuy nhién
khong duge sur dung rong rai trong cong nghiép. Mot phin dung dich hdp thu ciing
dugc tudn hoan trudce khi [am mdt xuéng 40 + 50°C.

Cac khi thai duge d6t chdy. Axit acrylic duge thu héi tir dung dich nudc (20%
KL} va dugce tich ra khoi céc edu tir khdc (dic biet Ia acrolein v axit axetic) nho cdc
qud trinh x{r Iy sau:

= Chiét axit acrylic va axit axetic, thudng 1a bing etylaxetat (hodc c6 thé la
butylaxetat, xylen, diisobutyl xeton, metyl, etyl va butyl acrylat, hodc cac dung méi
khic dang don I¢ hoac hén hop). Qué trinh nay dién ra v6i su ti€p xiic nguge dong
trong hé théng thiét bi loai ti€p xic dia quay ¢6 truc trung’tam gén 8 + 10 t4m quay.

" Chung chian khéng phan dich chiét (thdp 12 dia, 20 kPa) dé thu héi hén hop

ding phi dj thé nudc/dung moéi ¢ dinh thdp. Hén hop niy s& duge dua qua thiét bi
lang tich, tudn hoan etylaxetat vé thdp chiét va tach pha nuéc.

* Tinh ché phan dung dich giau axit acrylic bing chung chan khéng (7 + 10 kPa)
trong hai thdp (55 va 30 dia) s& thu dwoc l4n lugt axit axetic vi axit acrylic bang & hati
dinh thdp véi d¢ tinh khiét 16n hon 99% KL. Cic thdap nay lam viéc & nhiét do day
mic trung binh (70°C) va c¢6 mét chat tc ché polyme hod (dac biét 1a hydroquinon)

dé ngan ngira sy mat mat axit acrylic trong phan ung dime hod thanh 3- -acryloxy
propionic axit.

s Xirly céc dong dung dich nude dé thu hdi acrolein vi etyl axetat bang chung
cdt dp suat khi quyén thong thudng (65 dia).

Kha nang thu héi toan bo axit acrylic ban ddu la khoang 95%.
6.2.2.4. Oxy hod propylen sdn xudt axeton

Nha mdy cong nghiép dau tién sir dung phuong phép nay dé sin xuat axeton
dugc xay dung nim 1964 v6i ning suat 35 nghin tin/nam & Yokkaichi, Nhat Ban.
Qua trinh van hanh dua trén thiét k€ clia hing Wacker Chemie két hgp véi Hoechst
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va duge throng mai hod bdi Hoechst-Uhde.
@ Nguyén tic qua trinh:

K¥ thuat phan tng oxy hod dp dung chg nguyén liéu propylen ¢6 mit xiic tic
paladi clorua v clorua dong ban dau duge thi€t k€ dua trén cong nghé sian xuat
axetaldehyt tir etylen. Vé nguyén tic, qud trinh chuyén hod trdi qua cdc giat doan
sau:

Tao phurc gita xc tac véi propylen:
CH;-CH=CH, + PdCl, + 2HCl == [PdCl3.CH3-CH=CH2 “+CH+ 2H*

Phic nay s& bi thuy phan tao thanh axeton va kim loai paladi:

PdCl;.CH;-CH=CH, B +H,0 CH,;-CO-CH; + Pd + 2H" + 3CI’
Phan ting tdng cha qué trinh hinh thanh axeton:
CH;-CH=CH, + PdCl, + H,0 — CH;-CO-CH; + Pd + 2 HCl

Mitc dd oxy hoda giam dan khi ham lugng paladi clorua mat di. Do dé6, paladi

kim loai phéai dugc hoan nguyén lai dang ban dau nh& phan dng véi clorua dong.
Pd + 2CuCl; == PdCl, + 2 CuCli

Su két hop ciia hai qué trinh chuyén hod nay tao nén giai doan dau tién trong

cong nghé oxy hod propylen san xudt axeton:

PACl,
CH;-CH=CH, + 2 CuCl, + H,0 — CH;-CO-CH; + 2 CuCl + 2 HCl

Giai doan thit hai trong qud trinh 13 1di sinh clorua déng [ nho khéng khi hoac

OXY:
2CuCl + 2HCI + 120, —= 2CuCl; + H,O
Phén ¢ng téng cla toan bd qua trinh:
CH;-CH=CH,; + 1/20, —= CH;-CO-CH;4
AH%4g = ~255 kJ/mol

Téc dd ctia phan ing ty 1 thuan vdi su hinh thanh phitic gitta propylen vi clorua
paladi, hay néi cdch khédc 12 t6c do hap thu olefin vao dung dich xdc tdc PdCl,. Téc
d6 phan itng giam khi s6 nguyén tir C trong nguyén liéu tang, tuy nhién vdi etylen va
propylen thi nhu nhau.

Vé nguyén tic, propylen dugc oxy hod & 90 + 120°C. dp suat thip 0,9 + 1.2
MPa, va xiic tdc dugc tai sinh trong cing diéu kién. V@i cdc diéu kién nhu vay, do
chuyén hod mot 14n dat 98 + 99% va hiéu sudt dat 92 + 94% mol.
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® San xuit cong nghiép:

Nguyén li¢u propylen sau khi qua b phan hod hoi va gia nhiét 16i 115°C duoe
dan vao thi€t bi phan g tir phia dudi (hinh 6.7). Tai day, dung dich xic tic dugc
tron lin ciing dong nguyén ligu, gia nhiét t6i nhiét do tuong duong vi qud trinh phan
Ung dién ra dudi 4p suat 1,2 MPa. Dong sdn phdm ra khoi thiét bi phan tng & nhiét
do 120°C duge xa dudi dp sudt 0,5 MPa cho phép phan tdch cdc tdc nhan phan tng
va sidn phiam & dang khi ra khoi dung dich xic tac. Xdc tdc duge ti sinh trong pha
long & nhiét do khodng 110°C, dp suét 1,2 MPa véi su ¢6 mit clia khong khi nén.
Nho xa dp dén 0,5 MPa, cdc khi thai dugc tach ra khoi hé xic tdc. Xic tdc sau tai
sinh duge bd sung axit clohydric v cdc hgp chit clo mit mat trong qud trinh trudc,
roi dua trd lai thi€t bi phan ting. Céc hgp chat hitu co, ké ca axeton tich ra trong pha
khi, dugc thu hoi nho qud trinh ra nude trong thdp hdp thu lam viée & nhiét do
khoang 50°C va duge tudn hoan cing dung dich xuc tic.

Axeton tho tao ra tur giai doan thid nhat clta phan tng trude hét duoc loai bo cdc
ciu 14y khi (propylen chura chuvén hod, propan...). Nhitng luong nhd bi cudn theo sé
duie Boyocind bing qud et e nude & 50°C va dp suat khi quyén. Axeton sau dé
duge chung cit dé tich cde san phim nhe, dac biét 1a propionaldehyt, tich cdc san
pham nang (nudc, axit axetic, cic hop chat chita clo nhu mono-, dicloaxeton, mono-,
diclopropionaldehyt... Qud trinh x{ 1§ biang NaOH dugc tién hanh trong thdp cuéi
cung dé dé dang phan huy cdc hop cht clo va nang cao hiéu suat qua trinh.

SP nhe

Khl Khi
du

dut
b | Lo

Hip thu axeton

Téi zinh x0c 18¢

Chung tach SF nha
Chung 1éch SP nang

SP nang

Hinh 6.7. Cong nghé HoechstiWackeroxy hod propylen sdn xudt axeton

6.2.2.5. Oxy hod propylen sdn xudt acrylonitril
Oxy hod propylen theo phuong phdp amoxy hod dugc xem 1a phuong phip cha
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yéu d€ sin xuat acrylonitril (d3° = 0,806, t,. = —83,5°C, t, ;013 oy = 77,3°C) trén toan
thé gidi.

® Nguyén tac phan tng:

Acrylonitril duge hinh thanh theo phuwong phdp amoxy hoa nho phan ing toa
nhiét sau:

CH,~CH-CH; + NH; + -—302 —» CH,=CH-CN + 3 H,0

AH%44 = ~515 kJ/mol
Phan ting t6ng ndy x4y ra qua giai doan hinh thanh hop chat trung gian chinh 1a
acrolein theo so do:
CH,=CH-CH; + O — CH,=CH-CHO + H,0
CH,=CH-CHO + NH; —= CH,=CH-CH=NH + H,0

CH,=CH-CH=NH +—‘2-o2 —» CH=CH-CN + H,0

Song song cung voi cdc phan dng chinh nay, cdc phan dng phu phian huy
propylen va cdc dan xudt chda oxy va nito clia hgp chdt ndy cling xay ra, din dén su
hinh thanh déng thoi hydro xyanua, acrilonitril, nite, mono oxyt cacbon va dioxyt
cacbon.

2 CH,=CH-CH; + 3NH; +3 0, —= 3 CH;CN + 6 H,0
CH,=CH-CH; + 3NH; +30, —» 3 HCN + 6 H,0
CH,=CH-CH; + 30, —» 3CO + 3H,0
2CH,=CH-CH; + 90, —» 6CO0O, + 6 H,O

Do cdc phan tng nady tod nhiét rdt manh, nén trén thuc t€, téng nhiét lugng tod

ra trong qud trinh san xuat acrylonitril 16n hon rdt nhi€u so véi 1y thuyét (650 — 670
kJ/mol).

® Xlc tac cho qud trinh

Dé tang hiéu suit qud trinh, bl lai nhiting mat mat do phan tng phu, nhiéu loai
xiic tdc khdc nhau da dugc sir dung. Ciac xic tac thudng st dung 1a cdc oxyt clia
antimoan, asen, bismut, coban, thi€e, sit, molipden, niken, photpho, nguyén & dat
hi€m, telu, urani, vanadi... dugc mang trén chat mang hoac khong.

Trong s6 cdc thé hé xic tac cha Sohio, hing néi tiéng nhat véi cdc cong nghé
oxy hod propylen sdn xuat acrylonitril, loai xidc tdc ddu tién duoc sir dung 1a bismut
photpho molipdat. Nam 1967, hé¢ xiic tdc nay da nhanh chéng dugc thay thé bing
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hon hop trén co s& cdc oxyt cla antimoan va urani (xiic téc 21). Dén nam 1972,
Sohio da cai ti€n hé xic tdc dau tién thanh sit va bismut photpho molipdat tim Co,
Ni va K (xdc tdc 41). He xic tdc ndy di gitp tang hiéu qua qud trinh sin xuat
acrylonitril 1én 10 + 35%. Cudi cung, hé xic tic thit tu (xdc tdc 49) ra doi nam 1978,
méc du khong cai thien ddng k€ hiéu sufit qud trinh nhung da gidp tao ra san phim
¢6 cdc tinh chit co hoc t6t hon nhiéu.

Su hop tic gilta hai hang Distillers vd PCKU, sau nay thém ca Border
Chemical, da cho ra doi cong nghé amoxy hod hai giai doan. Trong giai doan ddu
tién, propylen dugc chuyén hod thanh acrolein véi su xdc ti&n cia céc oxyt selen va
dong. Trong giai doan thit hai, amoniac tham gia phan ng véi sit c6 mat cha hé xtc
tdc MoQO; va nhi¢u hogp chat khic. Sau nay, cong nghé mot giai doan da dugc thist ké
sir dung xdc tdc oxyt molipden xiic tién bdi NaOH hoac coban molypdat vi oxyt telu
két hop céc oxyt antimoan va thiéc. Ngay nay, loai xiic tdc dem lai hieu qua amoxy
hod cao nhét 1a cdc hé trén co s& coban, sat va molipden.

Rat nhicu loai xtic tdc khdc cling da duge nghién ctu thit nghiém nhu céc hop
chét clia bismut va vanadi (hing SNAM), cdc oxyt xezi, molipden, telu mang trén
oxyt silic (hing Montedison-UOP), hén hgp bismut va molipden kim loai mang trén
chat mang (hang OSW)... va cling dat nhimg két qua nh4t dinh.

Nhing ti€n b vé xic tdc cho qud trinh amoxy hod propylen sin xuat
acrylonitril gan day nhat d6 Ia hé xic tic tdm antimoan va st (xtdc tdc 13) cia Cong
ty Nitto Chemical (Nhat). H¢ xic tdc nay cho phép dat hi¢u qua san xuit acrylonitril
tuong duong vdi xic tdc 41 cla Sohio, déng thoi gidm dén muc thap nhat lrong san
phdm phu axetonitril va hydroxyanua.

Tat ca cdc cong nghé sir dung cdc loai xdc tdc trén day déu tién hanh trong pha
hoi, va chu y€u trong h¢ thiét bi xic tic tAng s6i d€ tao diéu kién thuan loi cho tach
nhiét phan Ung, dong déu hod nhiét do moéi truding phan tng, kiém sodt nhiét 6t hon
va nh¢ d6 lam tang hiéu qua lam viéc cla xiic tdc (cong nghé Sohio, Montedison/
UOP, Nitto...). Céc hé thi€t bi phan ung xic tic c6 dinh ciling duoc sir dung trong
cong nghe cia PCKU/Distillers/Border, SNAM, Chemie-Linz.... Tuy nhién, vén dé
ton tai chi yéu trong céc he thiét bi phan tmg xic tdc c6 dinh 1a gradien nhiét 16n,
xuit hién céc diém ndng bét thudng trong khéi phan ting, ddn dén phan huy xic tic
nhanh chéng do sur di chuyén cla cdc pha hoat dong va su hao modn ciia xtc tic. Véi
thai gian luu 2-15 gidy, tudi the cha xiic tac c¢6 thé kéo dai tir 1-3 nam, va ¢6 thé dai
hon do6i véi cdac hé xidc tdc tién tién.

® Diéu kién phan ting

Vé nguyen tic, amoxy hod propylen xay ra véi lugng du amoniac va OXy S0 véi
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hé s6 ty luong, do tinh khiét cha cdc nguyén liéu cao (thudng hon 90% KL d6i véi
propylen va 99,5% KL d6i v6t amoniac). Vi mot s& hé xic tdc, diac biét 13 thé hé
Xuc tdc dau tién, viéc sir dung hoi s€ gidp tang 4o chon loc cia qud trinh va han ché
mic d6 chuyén hod cla amoniac thanh nito. Tuy nhién, theo xu huéng ngay nay, nho
su cai thién vé kha nang hoat dong cla xdc tdc v cdc tién bo trong cong nghidp
luyén kim, viéc sir dung hoi nuée di duge loai bo dé dat duge mitc t6i uu t8t hon vé
can bang nang lugng cua qua trinh phin tng. Bang 6.1 liét ké thanh phidn nguyén
liéu dién hinh cho quad trinh amoxy hod prpylen.

Bdng 6.1. Thanh phan mol dong nguyén liéu cho qud trinh
amoxy hod propylen sdan xudt acrylonitril

oo Thanh phan
XUc tic ; )
Propylen Amoniac Khong khi Hoi
Sohio 1 1,5-2 10-20 2-4
Sohio 1 1,05-1,2 10-15 -
PCKU/Distillers I 1,1-1,2 12-15 -

Kinh nghiém cho thdy, hiéu sudt acrylonitril tang theo ty 1& NH./propylen. Tuy
nhién, trong thuc t€, cdc hé¢ théng hoat dong & muc cang gan vdi hé s& ty luong cang
tot {(ty 1¢ = 1) va trong mot s8 trudng hop, phan ing duge thuc hién & cdc gid tri thdp
hon heé s6 ty luoug (~ 0,8). Diéu nay xuat phit tir nguyén nhan phan dng thudng
khong xay ra hoan toan, amoniac con lai trong dong khi ra khoi thiét bi phdn ing sé
lam ting cdc phan (mg phu. Dé tranh hién twong nady, ngudi ta thudng nhanh chéng
trung hoa amoniac bang axit sunfuric. Vi vay, viéc tang ty 1&é NH,/propylen chi tao ra
su tiéu ton nguyén liéu khong cin thiét, hau qua 1a 1am tang chi phi sian xuét. Trén
quan diém nay, cdc nghién cifu dang thuc hién ngay nay thudng tap trung vio hai vin
dé: ché tao cdc xic tac ¢ kha ning lam viéc t6t hon va thiét lap cdc k¥ thuat thu hoi
amoniac hiéu qua, cho phép tuan hoan nguyén liéu trong khi van duy tri do chon loc
acrylonitril cao.

Nhiét dé cua phan tmg thudng duoc duy tri ¢ 400 + 500°C, ap sudt dudi 0,3
MPa. Ty 1¢ mol acrylonitril/axetonitril tang nhanh chéng trén 400°C va dat cuc dai o
khoang 470 + 480°C.

® Tién hanh phan iing

Trong qud trinh amoxy hod propylen, prolylen gan nhu chuyén hod hoan toan,
con do chuyén hod 1 1dn cla amoniac dat trén 95% (trong cong nghé xuc tac ting
soi) va xdp xi 85% (trong cong nghé xic tdc ¢d dinh). D6 chon loc, hay hiéu suit
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hinh thanh acrylonitril, rat nhay Vi loai xtc tdc va diéu kién phan tng, dac biét 1a
thoi gian [uu (thudng phai duy tri trén 1 gidy). Hiéu sudt qué trinh ¢é thé dat dén 72-
75% mol vdi cdc he xic tdc tién tién nhat, thue hién trong cdc thiét bi xic tic ting
sO1 va gan 78% trong céc thiét bi xic tdc co dinh.

Trong qud trinh phan ting, nhiéu loai san phdm phu cling hinh thinh véi ty 1¢
16n, vi du nhu axetonitril, hydroxyanua... B¢ trdnh anh hudng ti tinh kinh t€ clia qud
trinh, axetonitril thudng duge chuyén hod thanh acrylonitril theo phan ing st dung
xlc tdc trén co s¢ KBr mang trén chit mang nhu sau:

CH;CN + CHy + O + H,O —— CHy=CH-CN + CO, + CO + H,
Hydroxyanua dugc st dung cho qud trinh tdng hgp axit metaacrylic,
methionin... Tuy nhién, trong chiéu trudng hop, dé trdanh 6 nhiém vi dam bao an
toan, hydroxyanua duge dét bo.
Thanh phan san phdm cta phan tng amoxy hod thuc hién theo cdc cong nghé
khidc nhau dugce dua ra trong bang 6.2,

Bdng 6.2. Thanh phdn sdn phdm dién hinh ciia qud trinh
amoxy hod propylen sdan xudt acrylonitril (% TT)

Cong nghé xiic tdc Tang soi Cé dinh
Xuc tdc Sohio 41 Nito 13 PCKU/Distillers

Thanh phan san pham
Acrylonitril 5.2 53 4,3
Hydroxyanua 1,8 1,1 1,0
Axetonitril ) 0,7 0.1 0.3
Monooxyt cacbon 1,0 0.8 0.5
Dioxyt cacbon 1,6 2,9 1,2
Cac hop chat nitril - - Rat it
Cdc san pham ning Rat it Rat it -
Propan 0,8 0,8 0,6
Propylen 0.5 0,2 0,3
Nuée 26,3 25,2 33,6
Amontac 0,2 1,0 1,1
Oxy 2,2 1,8 4,0
Nito 59,7 60,8 53,1
Téng 100,0 100,0 100,0
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® San xudt cong nghiép

Véi cong nghé Sohio, cdc qud trinh str dung xidc tdc tAng so6i 1a phuong phdp
sdn xuat céng nghiép phd bién rong rdi nhat trén thé gidi. Vi cong nghé xic tic c6
dinh cia PCKU/Distillers, mac du s& lugng nha mdy st dung cdn rat it, nhung day 1a
qud trinh san xuét cong nghiép ¢6 tinh canh tranh phd bién nhat.

* Cong nghé Sohio xiic tdc tang soi:

Sa d6 dong cua cong nghé nay dugc mo ta trong hinh 6.8 bao gém cédc bo phin
chinh sau:

Khl dir (1) Chi1 tie ché
Lam lanh
iz tidp
i B
2 =
5 z 88
= E 23
£ s 23
L.t £ 2w
[~ % ‘-E =
Propylan g d é g
M
Khing khl

Chs! (e ché

Aztylonitril

Hinh 6.8. Cong nghé Sohio amoxy hod propylen
xiic tdc tdng s61 san xudt acrylonitril

- Phan tng: Qud trinh amoxy hod xay ra trong mgt thiét bi phdn ting dac biét
(hinh 6.9) phia dudi ddy ¢ dudng din hdn hgp khong khi nén (0,15 + 0,3 MPa) va
amoniac (loai dung cho phan bén) di duge hod hoi va gia nhiét téi 150 + 200°C nho
céc thiét bi trao d6i nhiét. Dong nguyén liéu trudc hét duoge dua qua dia phan phdi va
sau d6 dua vao ting soi xic tdc (chiéu cao ting soi khodng 7-8 m). Propylen tinh
khiét hod chat (> 95% KL) duge hod hoi va gia nhiét t6i 200°C va dan vao cla riéng
dat phia trén dia phan phdi. Mot loat cdc éng bén trong ¢6 gin hé thdng dun s6i, néi
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vO1 dudng nude cdp, duge dat chim trong tang s6i xuc tdc, véi muc dich tach nhiét
phan Ung, duy tri nhiét d0 méi truong 420 + 480°C, va dong thoi tao hoi 4p sudt cao
{> 3 MPa). Cédc xyclon phan tich dugc lap phia trén cila thi€t bi phan dng dé giir lai
cac hat xdc tic bi cudn theo dong san phim khi.

2 P 5ilam tanh
ol va hap thy
K Cac xyclon
Hf A
NudC
/ Chi€u cao
ting s6i
xlc tac
U L
Propylen —p——r11
v
HEn hap khéng khi 7 _+,__/-__\‘
n hg ng R
amoniachct nudc \\_/

Hinh 6.9. So do thiét bi phan itng Sohio xiic 1dc 1dng st

- Lam lanh nhanh sin phim: Dé ngin ngita cdc phdn tng phu xay ra trong
dong san pham, dac biét 1a phan tng cong hydroxyanua vio acrylonitril va su tao
thanh cdc polyme, 1am giam hiéu suét phan dng chinh, cdc dong khi ra & dinh thiét bi
phan tng duge nhanh chéng lam lanh. Trudc hét ching duge chuyén dén thiét bi lam
lanh nhanh ¢6 gin hé théng dun s6i d€ tao hoi dp suat thip, sau d6 dua sang thap 1am
lanh ti€p xtc tryc ti€p, ha nhiét do xuong 80 + 85°C. Qud trinh ndy dién ra trong
thiap 1am lanh: & phan dudi nho tiép xitc trye ti€p voi dung dich axit sunfuric hoac
amoni sunfat da dugc axit hod véi muc dich trung hoa amontiac ¢é trong thanh phan
san pham, & phan trén nho rira nude dé loai bd axit du. Amoni sunfat hinh thanh sé
duge xir Iy tich loai cdc hgp chat hitu co cé 1an.

— Thu héi san phim: Sau qué trinh 1am lanh t6i 40 + 45°C nhd trao déi nhiét
gidn ti€p, cdc khi da trung hoa tiép tuc dugc chuyén sang thdp hip thu bing nudc
lanh (5°C) dé thu héi hydroxyanua, axetonitril, acrylonitril vi cdc cfu tif nang. Cic
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dong khi con lai con chia mét lugng nhé nitril va cdc hydroacbon dugc dét chay.
Dong nudce hap thu cdc hgp chat hitu co ti€p tuc duge chuyén sang chung tich di
dang phi dé tich riéng acrylonitril va axetonitril. Hén hop di dang phi thu duoc &
dinh thap tich (70 + 80 dfa) sau khi dé ling s& phan thanh 2 pha: pha nudc dugc hdi
luu, pha hitu co giau acrylonitril va hydroxyanua duge dua dén khu vuc tinh ché.
Axetonitril trong pha nuéc thu duge & diy thédp tdch s& duge lam gidu téi néng do
97% KL nhd chung déng phi trong thip 60 dia. Nudc con lai duge sit dung lam chat
hép thu sau khi di lam lanh xudéng 5°C.

- Tinh ch€ acrylonitril: Qud trinh duge thuc hién trong mot loat cdc thap
chung lién ti¢p: tich hydroxyanua (40-50 dia), loai b0 cédc tap chat cacbonyl nhu
axeton, proptonaldehyt, acrolein, ...(50-60 dia) va tinh ch€ acrylonitril méi truong
chan khong (25-30 dia).

* Cong nghé PCKU/Distillers xdc tic ¢6 dinh:

Cong nghé¢ amoxy hod xiic tdc ¢& dinh (hinh 6.10) ¢6 cdc dic trung chinh sau:

— Phén ng: Nguyén li¢u cho qud trinh phan tng gém amoniac, propylen va
khong khi nén (0,3 MPa) véi cdc ty 1¢ nhét dinh dige dun néng t6i 220°C. Chuyén
hod xdy ra trong thi€t bi phan ng loai 6ng cham (kich thudc 6ng xtc téc: dudng
kinh trong 25 + 30 mm, chiéu cao 3 + 3,5 m), c6 dong tudn hoan mudi néng chay
bén ngodi vo6 6ng dé tch nhiét phan tng. Dong lwu chit niy s& duge 1am ngudi nhd
qua trinh tao hoi dp suét cao.

- Lam lanh: Cdc khi ra khoi thidp amoxy hod dugc 1am lanh nhanh xudng 380
+ 400°C nh& dua qua thiét bi dun séi nudc tao hoi 4p suit thap, va sau d6 trong thap
ti€p xudc truc ti€p nh& 1am lanh bang axit sunfuric & ddy dé trung hod amoniac va
nuéc lanh & dinh. Amoni sunfat dugce 1y ra, xi ly téch cdc hop chat hitu co cé lan.

— Phén téch: Qud trinh phan tdch thu héi sin phdm duge ti€n hanh tuong tu
nhu cong nghé Sohio: 1am lanh xudng 40°C, ngung tu mot phin, hip thu cédc nitril va
cdc san phdm nang nhd nudc lanh (5°C) va d6t chdy cic khi du. Chung di ding phi
(20 + 30 dia) s€ loai bé mot lugng lon nudc trong cad san phidm chung cit 1an sin
phdm ddy.

= Tinh ché: Qu4 trinh nay 1a phat minh thi hai cia cong nghé PCKU/Distillers
gitip loai bod san phdm phy acrolein nhd xic tién sy hinh thanh xyanohydrin bing
chinh hydroxyanua ¢é trong thanh phdn sdn phdm. Phin tng xay ra & nhiét do thap
(20°C) trong thi€t bi phdn tng c6 khudy lién tuc (néu sir dung xic tdc déng) hoic
ban lién tuc trong méi trudng phin Gng dang kiém (thém NaOH) sau nay dugc trung
hod bang axit sunfuric. Cdc budc xir 1y ti€p theo gém cé: chung tich hydroxyanua
(40 + 45 dia), chung tich axetonitril trong hai thdp (tdch cdc hén hgp di ding phi cla
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acrylonitril v6i nudc 45 + 50 dia va axetonitril v6i nudc 60 + 65 dia), chung tach céc
céu tlr nhe va nude du & dp suat khi quyén (50 + 60 dia), tach cic cdu tir nang trong
moi1 truong chan khong (25 <+ 30 dia).
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Hinh 6.10. Cong nghé PCUKI/Distillers amoxy hod propylen
xiic tde 6 dinh sdn xudt acrylonitril

6.2.3. Oxy hoa ruou san xuét aldehyt
6.2.3.1. Oxy hod metanol sdn xudt formaldehyt

Sin phim thong thudng cta qué trinh oxy hod mém rugu, theo céc nguyén tac
clra hod hitu co, 1a aldehyt hodc xeton, vd dén lugt ching s& ti€p tuc chuyén hod
thanh axit cacboxylic tuy thuéc mitc do cha qud trinh oxy hod. Tuy nhién san xuat
cong nghiép cac aldehyt va xeton di tir nguyén liéu dau la rugu thuc t€ rat it. Qud
trinh cong nghiép dién hinh nhat dé 1a oxy hod metanol thanh formaldehyt.

Qua trinh dehydro hod metanol thanh formaldehyt 12 qu4 trinh thu nhiét. Khi
oxy duge dua vao hé thong thi phan ing oxy hod xay ra:

CH;-OH + 120, —» HCHO + H,0

Qua trinh trd nén tod nhiét vi viée tich loai nuéc s& cang 1am cho can bang
dich chuyén sang phia hinh thanh formaldehyt. Khodng né clia hén hop metanol va
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oxy nam trong khoang 6,7 + 36,5% TT. Vi vay, ty lé metanol/khong khi trong
nguyén liéu phai ddm bao cao hon hoic thap hon cdc giéi han né nay.

C4 hai quéa trinh cong nghiép chinh duge st dung dé san xudt formaldehyt tir
metanol. Chiing khdc nhau & ba diém: xic tdc, ty 1&é metanol/khong khi vi hod hoc
qué trinh. Cé hai loai xtic tdc sir dung cho hai qué trinh: xiic tic bac kim loai va xic
tic hdn hgp oxyt sit/molipden. Ty 1é metanol/khéng khi theo phuong phép xic tic
Ag 16n hon 36,5%, con véi phuong phédp xiic tac sat/molipden, ty 1€ nay lai nhé hon
6,7%.

Viéc luya chon giita hai phuong phdp khong dé dang. Vi duy, xiic tic bac dat tien
hon, i tho ngan hon (2 - 6 thing), nhung ¢6 thé duge thu héi va tdi sinh khong mét
mat. Chi phi van hanh cho céng nghé xic tdc bac 16n hon nhung diu tu co ban (xay
dung va thiét bi) lai thap hon so vdi cong nghé xiic tdc oxyt siat/molipden.

@ Cong nghé str dung xdc tac bac:

Trong qud trinh nay, hén hgp metanol va khong khi véi lugng mol bang nhau
dugc dua qua ludi bac & diéu kién dp sudt 16n hon dp sudt thudng mot chit, nhiét do
600°C. Khi thodt ra khoi thiét bi phan ting luén chira Iuong mét ding ké hydro va
nudc. Phan dng ¢6 thé duge xem nhu 13 su két hgp gita qué trinh dehydro hod va oxy
hoa khéng hoan toan.

CH3-OH — HCHO + H2
CH;-OH + 120, —= HCHO + H,0

Tuy nhién, cdc nghién ctu sau vé cd ch€ cla phan {mg cho thdy qud trinh
khong phai g6m hai phan itng dehydro hod va oxy hod riéng biét. Co ché€ cla qui
trinh nay phan ndo tuong tu nhu co ché qud trinh epoxy hod etylen str dung xdc tac
bac.

® Cong nghé sir dung xic tdc oxy sit/molipden:

Trong qui trinh nay, dong nguyén liéu metanol/khong khi chia 6 + 9% mol
metanol. Xic tac thuong la Fe(MoQ,); c¢é chita mét phidn MoO,. Nhiét dé phin ing
duge giit & 350 + 400°C va khong duge vugt quéd 420°C dé han ché 6i thiéu qud trinh
bay hoi ciia cdc oxyt molipden. Thi€t bi phan ting ¢é dang 6ng chum. Co ché cua
phan dng dugc nhan dinh 13 tuong ty nhu qud trinh oxy hod propylen tao thanh
acrolein trén xic tdéc bismut molipdat, nghia la xic téc déng vai trd chat mang cho
oxy va oxy dugc st dung dé oxy hod metanol 12 oXy mang mudi clia xic téc oxyt.
Sau d6, oxy phan tir duoc khit dé bé sung cdc ion oxy cho xiic tic. Cic thi nghiém
d4nh dau di cung cdp cdc két qua khing dinh gid thi€t nay. Giai doan quyét dinh t6c
do phan ting 1 bé gay lién két C-H trong qud trinh hip phu nhém metoxy. Hig¢u qua
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clia cdc oxyt kim loai trong qué trinh chuyén hoa metanol thanh formaldehyt gin véi
ca cédc tinh chdt axit-bazo lan kha nang oxy hod cua ching. Cdc oxyt axit (V,0s,
MoO,, WO) tidn cong va hoat hod oxy bazo ctia metanol tao formaldehyt, cic oxyt bazo
(T10,, Sn0,, Fe,04, Zn0O, Ni0O, Co,0,) t4n cong hydro axit cia metanol tao CO,.

6.2.3.2. Oxy hod etanol san xudt axetaldehyt

Oxy hod etanol san xudt axetaldehyt 1a phuong phap pho bi€n nhit trong cong
nghiép trude nhitng nam 1970. Phdn img téng cha qud trinh nhu sau:

CH;-CH,-OH + 1720, —» CH;3-CHO + H,O AH% =— [73 kJ/mol

Etanol dugc oxy hod nhé dian dong hoi nguyén liéu va khong khi dd duoc gia
nhiét qua xic tic bac & nhiét dé 375 + 550°C. Céc xdc tic dong ciing c6 thé duge sir
dung thay thé. Nhiét do phan ung thay d6i theo chiéu dai 16p dém xiic tdc, phu thudc
mot phan vao ty & khong khi, etanol va hoi va cd t6¢ do luu chuyén khi qua xic téc.
D6 chuyén hoa mat 1dn 1a 45 + 50%, hiéu suit dat 94 + 96% mol.

Etanol chua phan ng va san phdm axetaldehyt dugc tdch ra khoi cic khi roi
khoi thiét bi phén (ng nh& qua trinh rira bang dung dich etanol lanh. Axctaldehyt va
etanol duoc phan tich nhd qud trinh chung cét. Etanol lodng dugc c6 dac va tuan
hoan trd lai thiét bi phan tng. C4c san phdm phu chii y&u clia qué trinh 12 axit axetic,
axit formic, etyl axetat, metan va CO. Hinh 6.11 1a so d6 khéi qud trinh oxy hod
etanol san xuat axetaldehyt.
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Hinh 6.11. Céng nghé oxy hod khéng hoan toan eranol san xudt axetaldehyt
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6.2.4. Oxy hoa aldehyt san xuat axit cacboxylic

Phuong phdp ¢6 dién d¢€ sdn xuit axit dé 1a oxy hod cdc aldehyt. Cic axit duge
san xudt trong cong nghiép chil yéu tir qué trinh oxy hod aldehyt, dé 12 axit acrylic
va axit axetic.

Oxy hod ¢é xic tdc axetaldehyt trong pha iong dé sin xuit axit axetic véi tdc
nhin oxy hoi la khong khi hoac oxy hién nay van dugc dng dung rong rdi va chiém
khoang 40% téng san luong cdc nha mdy trén thé gidi.

® Nguyeén tac qua trinh:

Qui trinh chuyén hod xay ra theo phan tng tod nhiét sau:

CH;-CHO + 1/20; ——» CH;-COOII AH % = — 265 kJ/mol

Phan dng thuong duge ti€n hanh trong pha 1dng, ¢6 mit cic mudi axctat
mangan hoac coban, xay ra theo co ché chudi géc lién quan dén suir hinh thanh hop
chdt trung gian 1a peraxetic axit vi axetaldehyt monoperaxetat. Hop chat ndy ¢6 thé
bi phian huy tao axctaldehyt vit oxy hoac phan dng vdi céc cau tr cha moi trudng
phin tng d€ tao ra phic kim loai hén hop axetaldehyt va peraxit.

Trong khi thuc t€ 1a mudi coban va mangan xdc tién qud trinh oxy hod, hiéu
tng cua dong axetat vé co ban lién quan dén sy phan huy ctta phirc nay thanh axit
axetic. Phan iing dién ra ¢ cdc diéu kién hoi khdc nhau, tuy thudc vao loai tic nhan
oxy héa sir dung. Cic théng s6 cong ngh¢ duge tém tit trong bang 6.1,

Bdng 6.1. Cdc thong s6 cong nghé cita qud trinh
oxy hod axetaldehyt sdn xudt axit axetic

Tidc nhan oxy hod 'Khong khi Oxy
Nhiét do (°C) 535+65 70 + 80
Ap suit (MPa) 0.2+ 1 0,15+0,3
Do chuyén hod | 1dn (%) 91 + 92 96 + 98
Hiéu suit (% mol) 93 -+ 94 95 + 96

Céc san pham phu chii y&u cha qud trinh 1a formaldehyt, axit formic, metyl vi
etyl axetat, axeton, CO,... va etylen oxyt, etylen glycol diaxetat né€u axetaldchyt
nguyén liéu duge 1ay tir qud trinh chuyén ho4 etylen.

Qud trinh oxy hod cling ¢ thé duge tién hanh trong pha khi véi su cé mat cla
nudc va hé xde tdc trén co sd paladi, 6 khoang 200 + 250°C, 0,2 + | MPa, vé1 d6
chuyén hod mat l1an 16n hon 45% va hiéu suit 92% mol.
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® Sin xudt cong nghiép:

Cho dén nay. chi ¢6 qua trinh oxy hod pha long duogc sit dung véi quy m cong
nghiép, dic biét ta cong nghé Hoechst st dung oxy lam tdc nhan oxy hca. Do he
théng lam viéc vdi nguy co an modn cao nén phan 16n cdc thigt bi déu duge tam bang
thép khong gi hodc 1ot nhom.

Axetaldehyt méi v6i do tinh khi¢t 99 + 99,8% KL curg vdi dong tuan hoan
axetaldehyt va axit axetic chita mudi kim loai duge sir dung lam xdc tdc dua vio dinh
clia thiét bi phéan tng. ti¢p xic nguoc chiéu véi dong khong khi da duge nén va rira
bing axit axetic (hinh 6.12). Nhiét sinh ra do phan Gng oxy hod dugc tich loai nhd
qué trinh tudn hoin cudng bic mot phdn moi trudng phan tng qua thiét bi trao déi
nhiét bén ngoai. Cdc diéu kién van hanh duge thiét k¥ dé duy tri ndng d¢ axctaldehyt
luén ludn & muc 5% KL. Cic khi thodt ra mang theo lugng nhé san pham v tic nhan
phan img duoc rira biing nude va axit axetic the, sau d6 thai vao khi quyén, cdn phan
ngung tu duge tuin hoan trg lat. Dong san phdm long 1ay ra tir thiét bi phdn g,
trude tién duge dun néng trong moi trudng khi tro ¢ 85 + 90°C dé peraxetic axit phan
trng hoan toin, sau d6 dua vio chung cit. Qui trinh chung phin doan dugc thuc hién
trong mot diy 4 thap véi cac muc dich sau:
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Hinh 6.12. Cong nghé¢ oxy hod axetaldeliyt san xudt axit axetic
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* Phén tich phdn axetaldehyt chua chuyén hod trong dong san pham chung cit,
roi tuan hoan trg lai thiét bi phén tng. Phan doan gidu axit axetic ra & ddy thp duoe
str dung d€ rira khong khi va khi thai tir qua trinh oxy ho4.

*» Tich san phdm phu metyl axetat & dinh va axit axetic thd & ddy. Nguyén liéu
dua vio thdp nay chinh 1a dong sin phdm ra & thip chung cat trude.

* Tinh ché axit axetic thu dugc bing cich tach nudc & dang hén hop di dang
phi vdi etyl axetat. Sy phan 16p hinh thanh trong thiét bi lam mat va ling tdich. Lép
trén 1 phan hitu co, chita 97% KL axetat duge sit dung 1am dong héi luu. Lép dudi 1a
phan nudc, chia 93% nude duoe dua tdi thdp chung cudi ciing dé thu héi etyl axetat.
Dong sdn phidm ra bén canh thdp 12 axit axetic bang vdi do tinh khiét 99,8% KL. San
phdm day chia chi yé€u 1a cdc axetat kim loai, duge tudn hoan vé thiét bi phan img.
Qua trinh tinh ch€ nay duogc ti€n hanh véi sy ¢6 mit cha permanganat kali hoic
bicromat natri dé tach bd cdc vét tap chit tao mau cho san pham cudi.

» Thu héi etyl axetat c6 trong pha nudc nhd chung dang phi.

6.2.5. Oxy hoa hydrocacbon thom
Céac qua trinh oxy hod hydrocacbon trong céng nghiép ¢6 ba dang chinh:

* Oxy hod pha long: Pay la qud trinh oxy hod xic tdc déng thé. Xic tic phd
bi€n nhét 1a mudi coban (vi du, coban benzoat), duge hoa tan trong hén hop long clia
nguyén liéu va khi oxy duge din vao khéi chét 10ng nay. Day 14 phuong phip oxy
hoa trong d6i mém, ti€n hanh & nhiét do 200°C. Trong qud trinh nay, chi cdc mach
nhdnh bi oxy hod con vong nhan thom hdu nhu khong bi bién déi.

* Oxy hod pha khi: Day 14 qué trinh xdc tdc di thé. Xuic tdc rin, thudng la
V,0;, duge dat trong 6ng phan ting va hydrocacbon thom cing oxy duge dua qud
xtc tic & nhiét d6 khoang 400°C. Oxy hod pha khi thudong din dén phd vd vong
thom.

®* Oxy hod gidn ti€p: Trong rat nhiéu trudng hop, céc qud trinh oxy hod tryc tiép
ddn dén sy hinh thanh nhitng sdn phim phu khéng mong mudn. Do d6, doi khi
phuong phdp oxy hod gidn ti€p nhu oxyclo hod hay amoxy hod lai tr& nén uu viét
hon.

Tat ca cdc qud trinh oxy hod nay déu toa nhiét va doi hdi ¢é mot hé théng lam
mét hiéu qua. Bang 6.3 liét ké mot s6 qud trinh oxy hod hydrecacbon thom quan
trong trong cong nghiép.

172



Bdng 6.3. Cdc sdn phdm oxy hod hydrocacbon thom phd bién trong cong nghiép

San phdm San lugng | Nguyén Phuong phép Diéu kién phan frhg
(triéu liéu
tan/nam)
Phenol 2 Benzen Oxy hod gidn tuép| H,S80,/ NaOH
(sunfo hod)
Benzen Oxy hod gian tiep| HCl/ NaOH
(clo hod)
Toluen Oxy hod pha long | CuQ/khong khi
Cumen Oxy hod pha long | Qua hydroperoxyt,
mudi Cu, Co, hay Mn
Anhydrit maleic 0.5 Benzen Oxy hod pha khi | V,0s, 400°C, 1-5 bar
Anhydrit phtalic 2 Naphtalen |Oxy hod pha khi | V,04/A1,0,, 360°C
o-xylen  |Oxy hoa pha khi | V,04/TiQ,, 400°C
o-xylen  |Oxy ho4 pha long | Co, Mn axetat, 150°C
Axit terephtalic 5,6 p-xylen  |Oxy hod pha long | Co, Mn axetat, 200°C
Antraquinon 0,03 Antraxen |Oxy hod pha léng | CrO,, 100°C
Oxy hod pha khi [ Fe,04/V,0;, 350°C

6.2.5.1 Oxy hod cumen sdan xudt phenol

® So lugc vé cdc qud trinh san xuat phenol:

Phenol dong mot vai trd quan trong trong qué trinh phét trién cha cong nghiép
chdt déo, nhyra, va soi tng hop. Mac dit ngay nay, nguyén liéu cho cdc qué trinh san
xuat nay dugc thay th€ bang nhiéu hop chat méi, phenol vin 13 mét trong s6 céc san
phdm quan trong ctia cong nghiép hod hitu co. Cac qua trinh cong nghiép dé€ sdn xuit
phenol goém c¢é:

* Hai qua trinh ¢4 di€n nh&t hdu nhu khong cdn duge sir dung trong cong
nghiép nita, d6 1a phuong phip sunfo hod benzen, sau dé néng chay kiém sunfonic
axit tao thanh, va qui trinh thtt hai i clo hod ¢6 xic tdc kém theo thuy phan
clobenzen mdi tao thanh,

* Hai qua trinh khdc mé6i duge phdt trién gdn day nhung méi chi chiém mot thi
phin nho trong cong nghiép san xudt phenol trén thé gidi, d6 1a oxyclo hod pha hai
benzen két hop vdi thuy phan (cong nghé Hooker/Raschig) va oxy hod toluen cé xic
tic trong pha long sir dung co ché phan itng tao phitc (qu4 trinh Dow).

* Qud trinh oxy hod pha léng xyclohexan, sau dé dehydro hod ¢é xic tde cdc
san pham tao thanh (cong nghé Scientific Design) chi dugce thir nghiém tai mot nha
fMay nhung dén nay di déng cira.
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* Mot thuc t€ 1a mac dit oxy hod cumen 12 mot phuong phéap tuong déi c8 dién
nhung cho dén nay né vén 12 qua trinh phé bién nhat. San xuat phenol theo phuong
phdp nay thudng két hgp véi qud trinh alkyl hod benzen bang propylen dé tao ra
nguyeén liéu cumen cho qua trinh oxy hod.

Kha nidng san xuat phenol tir nhitng phuong phdp khdc nhau duge dua ra trong
bang 6.4,

Bdng 6.4 San lugng phenol trén thé giol nam 1986

Qua trinh % KL san lugng
Sunfo hod benzen 0.1
Clo hoi benzen 0,2
Oxyclo hoa benzen 0,2
Oxy hod cumen 92
Oxy hod toluen 6,5
Cac qua trinh hod hoc khic 1,0
Tong cong 100

® Phuong phdp cumen:

Phuong phdp cumen dua trén cdc két qua nghién ctu cia Hock va Lang nim
1944 Tién quan dé€n qua trinh phan tich hydroperoxyt thanh phenol va axeton. Tuy
nhién, phai dén nim 1952, nha mdy diu tién méi duge xay dung.

Hai loai phan ung lién quan dén qud trinh nay, dé 1a: alkyl hod benzen thianh
cumen (xem chi tiét trong chuong 9), va chuyén hod cumen thinh phenol vi axeton
qua hai budc oxy hoa cumen thanh hydroperoxyt, sau dé phan ly hydroperoxyt.

IR
~
AICl, hozc HF H3C CH,
+ CH;-CH=CH, - .
50°C, 1-10 bar AH5ez =— 112 kJ/mol
CH C@H
H3C/ \CH3 H3C/ CH;
s Mudi Co o
| +02 —_ AHzgg =-116 kJ/InOl
120°C
COOH (|)H 0
e | Sen, ; |
4]
2504 N /C\ AH 198 = — 253 kJ/mOl
50°C H,C CH;
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Uu viét cha phuong phdp cumen 14 quy trinh van hanh don gian, hiéu suat
phenol tinh theo cumen cao (92% mol) va kha ning kiém soit tét d6i véi cumyl
hydroperoxyt. Cdc hing gilt ban quyén cong nghé nay gém cé Allied Chemical, BP,
Chevron, Power Gas, Hercules, Rhone-Poulenc, SIR va UOP.

® Chuyén hod cumen thidnh phenol va axeton:

Qu4 trinh dugc tién hanh qua hai giai doan chinh 1a tao hydropero«yt va phan
Iy thanh sdn phdm phenol va axeton. Do yéu ciu vé phenol tinh khiét ngay cang cao,
mot bude thit ba v6i cde cong nghé tién tién khong thé thi¢u, dé 13 qua trinh tinh ché
san pham. Cong nghé oxy hod cumen san xudt phenol duge minh hoa trong hinh
6.13.
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Hinh 6.13. Qud trinh oxy hod cumen san xudt phenol

* Giai doan oxy hod cumen thanh hydroperoxyt:

Vé nguyén tic, ¢d hai phuong phdp tao ra cumyl hydroperoxyt trong cong
nghiép: phuang phap nhil tuong va pha déng thé.

Phuong phdp nhi twrong: cumen duge phan tdn trong mai truong duge kiém hod
(pH = 8,5 = 10,5) bing cacbonat natri, v dugc nhit tuong hod nhd hgp chat stearat
natri, rixinoleat hodc lauryl sunfat. Qud trinh phan tdn dién ra trong pha long & nhiét
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do 80 + 120°C, v6i ty 1¢ mol nudc/cumen 2 + 5/1, ¢6 mat OXy (&p sudt khoang 0,1
MPa) hoac khong khi (dp suat khodng 0,5 + 0,7 MPa) khong chita CO, va cang giau
oXy cang tot,

Phirong phdp pha dong thé: moi trudng phan ting dwoc déng thé hod nhdy them
dung dich hydroxyt natri dam dac. Diéu nay cho phép ti€n hanh phan tng O nhiét do
cao hon 115 + 130°C, va cdc di€u kién khdc tuong ty nhu phuong phdp nhi tuong.

Qué trinh chuyén hod dién ra theo co ché phan ting chudi géc tu do, tuan theo
phuong trinh dong hoc chung:

d(—gﬁz /2k k,[ROOH]"*[RH]

trong d6, k;, k, va k, thé hién hing s& tSc do c¢fia cic gial doan khoi mao, phat trién
mach va dat mach.

Qua trinh ty xic tic nay dugc dic trung bdi giai doan cim ing tuong déi dai,
tuy nhién cé thé nit ngén bang cdch dwa mot lugng nhd (0,05 = 0.5% KL so véi
nguyén lieu) cumyl hydroperoxyt hoic mudi natri cla né. Céc chat khoi mao khic
hodc xdc tdc cho qud trinh oxy hod déi khi ciing duoc sir dung nhu mudi c6 kha nang
hoa tan cua cdc kim loai Mn, Co, Cu, hoic cdc dan xuat clia cde kim loat kiém, kiém
thé dang chi, bismut, thiéc va antimoan.

Nguyén li¢u cumen trudce tién phai duge Iam sach céc chit ¢6 kha niang gdy dirt
chuéi phét trién qu4 trinh oxy hod, dac biét 1a cac hop chat luu huynh, styren, anilin
va phenol. Vi tdc d¢ phan ting cuc ky nhay véi cdc tap chat nay, nén ching bat buac
phai duoc loai bd. Dong san phdm long ¢ thé dat dén ndng do 35 + 50% KL cumyl
hydroperoxyt, nhung vi t6c do phan huy cta né thanh axetophenol va 2-phenyl
propanol ¢6 xu hudng tang, nén cdn gi6i han do chuyén hod mot lan khoang 20 +

25% dé dam bao do chon loc tir 90 + 92% mol va thdm chi ¢6 thé dat 95 + 97% mol
trong cdc coéng nghé hién dai.

Qud trinh san xudt cong nghiép dugc tién hanh trong hé théng 4 + 5 thiét bi
phan img ndi ti€p, van hanh & diéu kién nhiét do gidm dan. Thiét bi phan dng c6
dang thap bang thép khong gi réng, khéng khi ducoe thdi vio trong qua may nén, dam
bao khuay tron manh. Thai gian luu trong méi thiét bi phin dng tir 1 dén 2 gid. Nhiét
toa ra do qud trinh oxy hod dugc tich nhd mét hoac ket hop mét s6 k¥ thuat sau:
tudn hoan moi trudng phan dng lam lanh ngoai trong mét thiét bi ¢6 gén bom va hé
théng trao ddi nhiét, st dung dong luu chat lanh chéy trong 16p vé boc kép chia thiét
bi, hodc trong 6ng xoan ruét ga dat phia bén trong thiét bi phan vng, bay hai mét
phan tic nhan phan vng sau d6 ngung ty lai, sit dung céc thi€t bj trao déi nhiét phu
giita cdc thiét bi trong hé théng.
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Ngoai cdc thi€t bi phan ung chinh, h¢ thong cdn dugc trang bi cdc thiét bi hé
trg cho qua trinh 1am sach nguyén liéu bing cdch rira cumen cha cic dong chéi 1ong
thu hoi (xir Iy khi, tich chat ran) va qud trinh tinh ch€ san phdm nhe nhd lam mét,
ngung tu va tach loai cacbonat natri, xvc tic, dac biét 1a rira bang nudc.

Hydroperoxyt trong dung dich cumen dugc ¢6 dac nhd qud trinh bay hoi
trong moi truong chan khong (7 kPa) trong thiét bi mang mang hai giai doan hoac
phd chung cat. Cumen chwa chuyén hod duge thu héi & dinh thdp va tudn hodn trd
lai thi€t bi phin Ung. San phdm ddy chia 75 + 85% KL cumyl hydroperoxyt,
a-metylstyren va mot s6 cdc tap chat khdc nhu hydroxy axeton.

= Phan ly cumyl hydro peroxyt:

Hydroperoxyt 12 mét hap chat tuong d6i bén. O 100°C, giai doan cdm tng cua
qud trinh phan huy tu xdc tdc kéo dai trong 8 gid. Vi qud trinh nay tao ra rit nhiéu
cdc cdu tir khong mong mudn (rugu thom, xeton thom), né cin duge tién hanh trong
nhitng diéu kién dic biét.

Dé dat duge dé chon loc phenol cao (94 + 95% mol), qud trinh phan ly cin su
dung xic tac. Xdc tdc c¢6 thé 1a cdc axit manh nhu sunfonic axit hay nhua trao déi
ion... Xic tic nay c6é uu diém 12 khéng cdn qud trinh trung hod sau dé, nhung lai cé
nhuge di€m la lam cho t6c do chuyén hod cuc ky cham. Do dé ngudi ta thudng lua
chon axit sunfuric ddm dic (98% KL) sl dung & dang néng do thip (0,2 + 1% KL)
dé tranh nudc 1dm ch4m qué trinh phan huy vA can trd chuyén hod hoan toan
hydroperoxyt, va dé han ché cdc phan Ung phu méi trén co s& axeton tao thanh sinh
ra cic chat nhu mesityl oxyt, hydroxy axeton, rugu diaxeton va isophoron.

D€ ngan ngita sy phan huy nhiét cta cumyl hydroperoxyt tao ra axetophenol,
qud trinh phan ly cén duogc thuc hién & nhigt d6 wong d6i thap (70 + 80°C) va dp
suat thip (0,1 + 0,2 MPa) trong thiét bi c6 khudy va 1am mat thich hop dé tich nhiét
sinh ra do qua trinh phan huy nay. Qua trinh lam mat ¢ thé thyc hién bang cdch cho
phép mot phan san phdm phan dng (axeton) bay hoi sau dé ngung tu v tudn hoan
lai, hogc tuan hoan ngoai moi trudng phan ung lam lanh ngoai qua bom va thiét b
trao doi nhiét.

D¢ han ché t6i thi€u nguy co khoi mao cdc phan \ing chudi khong mong musn
va phin tng né, hydroperoxyt phai dugc chuyén hod hoan toan ngay & cira ra cia
thi€t bi phan tng. Yéu ciu ndy c6 thé dat dugc bing cdch duy tri thoi gian luu
khoang 20 + 30 phiit. Can trdnh tao céc di€ém néng va su tich tu ctia hydroperoxyt
trong thi€t bi phan ly bing cich dong nhat hod moi trudng phan dng nh& pha loing
bang san phdm chinh nhu axeton (cong nghé Hercules) va phenol {cong nghé Rhoéne-
Poulenc).
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Dé gidm mifc d6 4n mon va tranh phai sit dung céc loai thép hgp kim cao, cic
dong phan iing cin ducc trung hoa ngay khi ra khoi thiét bi phan tng. Viéc bé sung
hydroxyt natri, cacbonat natri, voi... dudi dang cdc dung dich nuée hodc truc tiép
dang rin cé nhimg nhuge diém nhu tao cdc két tha keo dinh rat khé tach, phai xir 19,
van chuyén chat rén, 16¢ do phan itng cham... Con phuong phép sir dung phenat natri
dung dich nudc phan ung nhanh, theo diing ty lugng, s& tao ra sunfat natri trong dung
dich dé dang dugc tich bo. Phenat ciing c6 thé duge sdn xudt ngay tai phan xudng
san xudt phenol.

* Tinh ché phenol:

Cé mot s6 phuong phdp duge sir dung dé tinh ché cic san phidm clia qué trinh
oxy hod nay.

Theo cong nghé Unisir, v€ nguyén tic, axeton tho trudce tién duge tach ra &
dinh thdp chung cit (55 dia), sau d6 dugc chuyén sang thdp tach cdc sdn phim nhe
(20 dia) dac biét 1A axetaldehyt, réi tich sdn phdm nang (50 dia) nhu cumy! phenol,
axetophenol, cdc cian polyme, luong nho nuée, cumen va a-metyl styren. Sdn pham
axeton sau tinh ché dat tiéu chuin thuong mai. Dong san pham sau khi tdch axeton
dugc chuyén sang cdc thip chung lién tiép tach cdc san phim ning (20 dia), sau dé
tach cdc hydrocacbon (hon 100 dia) nhu cumen chua chuyén hod, o-metyl styren, va
cudi cung phenol duge chuyén 16i thap tinh ché (60 dia). Do nhiét do so6i qui gén
nhau, d€ tranh qud trinh phan lap a-metyl styren khoi cdc cdu tir khdc ctia phan doan
hydrocacbon, ngudi ta thudng sir dung phuong phdp hydro hoa chon loc trong pha
long ¢ 90 + 95°C, vdi su ¢6 mat cha xic tdc niken. Qud trinh nay s& tao ra thém mot
lugng nhé cumen, phdn nay s& duge tufin hoan vé thiét bi oxy hoi. Day [a mot qua
trinh tod nhiét va doi hoi phan chia xic tdc thanh nhiéu 1dp, gitta cdc 1ép nay ducc
1am lanh bing cumen d€ ngan ngia sy tang nhiét do.

Theo so dé clia BP, giai doan dau tién 14 phan tach phenol khdi axeton két hop
voi hydrocacbon. Cic hydrocacbon ndy s& duoc xir 1y tach khoi axeton sau nay. Vi
vay phenol tao thanh s& cé d¢ tinh khiét khoang 99,8% KL. Tuy nhién phenol nay cé
chifa khoang 2000 ppm xeton lam cho san phdm nay khong thich hop cho qud trinh
sunfo hod, clo hod vi ngung tu vdi axeton (d€ tao bisphenol).

Do d6, trong nhitng nim gan day, hang loat qué trinh da dugc thiét k& dé tiép
tuc tinh ché€, nang cao chit lugng san phadm phenol bing cdch s dung cdc k¥ thuat
chung cdt, k€t tinh, chi€t dung méi... Cdc qud trinh méi nay ¢6 thé sir dung cho ca
phenol tinh khi€t 99,8% 1an phenol thé 92% KL gilip tao ra san phdm cé do tinh
khi€t 99,99%.

178



6.2.5.2. Oxy hod benzen san xudt anhydrit maleic

Oxy hod pha hoi benzen, n-butan hodc n-buten 1a cdc qud trinh cong = zhiép
quan trong nhat san xudt anhydrit maleic. N6 ciing c6 thé thu duge nhu 13 sia pham
phu ctia qud trinh san xudt anhydrit phtalic. Trong s6 rdt nhiéu nguén ngv yén liéu
nay, oxy hod benzen di tir lau la phuong phdp san xuat anhydrit maleic c¢é tinh
thuonig mai cao nhat. Tuy nhién, do &.Tay Au gi4 thanh benzen cao da khigha cho viéc
st dung hai phuong phédp di tir butan va buten hon duge ua chudéng hon tai khu vuc
nay. Hién nay, phuong phdp san xuat di tir nguén nguyén liéu benzen dang cung cip
gin 50% t6ng san lugng anhydrit maleic trén toan thé gidi.

® Npuyén tic qud trinh oxy hod pha hoi benzen:

Cédc phan iing xay ra trong qud trinh oxy hod benzen:

20
CH-C 0
O £ 40, —= || S +CO; + CO +H0 AHYyg = ~1470 k¥/mol
CH-C
Yo
@ + 60, —= 3CO, +3CO +3 H,0 AHY, = ~2320 kJ/mol

Céc phan ting nay déu tod nhié¢t manh. vi vy, mot khi da xdy ra thi chiing s& 1a
ngudn cung cip nhiét cho phan xudng, thim chi c¢6 thé tan dung dé san xuit hoi.
® Co6ng nghé Halcon (Scientific Design):

Hinh 6.14 minh hoa so dé cong nghé Halcon oxy hod benzen san xudt anhydrit
maleic. Nong do benzen trong hén hgp nguyén liéu vdi khong khi phai duoc diéu
chinh sao cho nam ngoai cdc gidi han bét lira, tuong tmg 1,4 vi 7,1% TT & 25°C. Déi
vai cong nghé Halcon, nong do6 duoce lua chon 1a nhé hon 1,2 + 1,3%. Xiic tdc ¢6
dinh gom oxyt vanadi va oxy molipden mang trén chit mang cé bé mat riéng thip
(oxyt nhom) va ¢6 chira P,Oq, chat duge sir dung tang cudng do bén xic tic. Phan
ing dién ra & diéu kién 350 = 400°C va 0,] + 0,2 MPa, thoi gilan luu 0,1 gidy, trong
thi€t bi phan ¢mg dang 6ng chiun, duge lam mét nhd tudn hoan mudi néng chay bén
ngoai, cho phép tan dung nhiét sdn xuit hoi dp suat cao. Do chuyén hod mét lan cia
benzen 1a 95%, va d6 chon loc mol anhydrit maleic 14 67%, tuong tng véi hiéu suit
mot 1an chuyén hod 1h 64%.

Dong san pham khi ra khoi thiét bi phan ing chita khoang 1% TT anhydrit
maleic, duge lam ngudi nhd dua qua mét diy cdc thiét bi trao déi nhié¢t duge sit dung
dé gia nhiét nguyén liéu va san xuat hoi 4p suat thap. Tiép tuc 1am mét xudng 50°C
dé thu héi gin 50% anhydrit maleic tryc tiép & dang 1ong. Sau d6, pha khi duoge
chuyén dén thap hdp thu. Tai day, phdn anhdrit con lai duge thu héi & dang axit nhd
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qud trinh hap thu bing nudc. Céc khi du duge d6t chdy dé€ tranh thii benzen chua
chuyén hod ra moi trutmg. Dung dich axit maleic dugc c6 dac va dehydrat hod thanh
anhydrit tryc ti€p trong cdc thiét bi bay hoi mang mong lam viéc & diéu kién chan
khong (60 + 30 kPa) hoac dung tdc nhéan tich nudc nhu o- hoac m-xylen trong qué
trinh chung cdt di déng phi (20 dia). Anhydrit maleic tir thiét b dehydrat hod dugc
ngung tu va k&t hop lai réi dua vao hai thdp chung chan khéng chia khoang 20 + 25
dia, mot d€ tich cdc san phdm nhe (20 kPa), mot dé tich cic san phdm nang (10 kPa).
® Cic qud trinh céng nghe khac;

Cic cong nghé oxy hod benzen khac khdc véi cong nghé Halcon & k¥ thuat thu
hoi va tinh ché anhydrit maleic. Vi du trong c6ng nghé Veba Chemie, gin 90%
anhydrit maleic c¢é chia trong dong san phim ra khéi thiét bi phan ing duge ngung
tu bang khong khi kho va lam lanh san phim xuéng duéi diém néng chay cta
anhydrit maleic.

Chan

Banzen Hod hoi khﬁﬂg
——— s L Khl du Chan khong
Khing khl % s Hai Hai
Jr“‘“—’
B - MuSe
Cép nude Hoi HP
—g™ C4 dac bhng bay
hai redng rabng

Téch SP nha

SP nang

Hinh 6.14. Qud trinh HalcollScientific Design oxy hod bezen
san xudt anhydrit maleic

6.2.5.3. Oxy hod hydrocacbon thom sdn xudt anhydrit phtalic

Anhydrit phtalic dugc san xuat trong cong nghiép tir naphtalen hoac o-xylen
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bang cic k¥ thuat oxy hod tuong tu nhau. Naphtalen ¢é nguén géc hod than I nguén
nguyén li¢u duy nhat cho dé€n cudi Dai chién Th& gidi tha hai, nhung sau dé di dan
dan dugc thay thé bang o-xylen véi trit lugng [6n trong cic phan doan diu mé. Tuy
nhién ngudn naphtalen tir ddu mo da lam song lai cdc cong nghé sit dung loai nguyén
liéu nay. Nam 19635, khoang 80% nguyén liéu duge sir dung 13 naphtalen, v mot nita
trong s0 d6 c6 ngudn goc tir ddu moé. Nhung nhitng nam gan day, tinh trang nay di b
dao ngudc va o-xylen chi€m hon 80% qua trinh tdng hop anhydrit phtalic. Phén Ién
cdc qud trinh sir dung nguyén liéu naphtalen hay o-xylen déu ti€n hanh trong pha
hoi, chi mot phin nho thye hién trong pha Iéng.

a) Pdc diém chung cita cde qud trinh

® Téng hop:

Cic phan ting lién quan tdi qué trinh téng hop gém cé:

bi tir nguyén liéu naphtalen:
O

/C\
CO -+ 9!‘202 ——— O 0 +2C02 +2H20

AH 268 = -1790 kJ/mOl
O

va cdc phan ung phan huy chinh:
C]0H3 + 12 02 — 10 COz +4H20

2z 0
CH-C
C10H8+902 — || >O +6C02 +3H20
CH-C
Yo
Di tr nguyén liéu o-xylen:
O
-~ CHJ -~ C ~
O + 40, —» @ O +3 H,0
™~ CH,4
0 AHYeg = —1780 kJ/mol

Phan \ing phu clia qud trinh ciing 12 chdy hoan toan va hinh thanh anhydrit
maleic.

Tat ca cdc phdn Ung trén déu tod nhigt manh, xay ra véi su ¢6 mit cha xic tac.

181



Xuc tdc nay c6 thé 1a c¢d dinh trong thiét bi phan ng éng chiim véi 5000 + 20000
6ng. Nhiét duge tdch ra nhd sir dung luu chat 1am lanh hoac 1a mudi néng chay
(nitrat/nitrit) hoac hén hgp otectic natri/kali lam viéc ¢ 360 + 420°C. Xiic tic ciing
c6 thé duge sir dung dang tdng soi, ¢6 cc hé thong lam lanh (6ng xodn rudt ga,...).
Nhiét sinh ra dugc sir dung d€ san xuat hoi 4p suat cao.

Nhiét toa ra vé 1y thuyét 1a 10500 kJ/kg anhydrit phtalic, nhung trén thuc t&,
gid tri nay lén dén 17000 kJ/kg do qud trinh chdy hoan todn. Cic hé xiic tic dugc si
dung 1a trén cd s& oxyt V,05 va TiO,. Tudi tho cla xic tic phu thudc vao diéu kien
lam viéc, dao dong trong khodng 2 - 3 nam. Qua trinh oxy hod dién ra trong khong
khi véi ty 1¢ mol hydrocacbon/khong khi 1a 60 + 120 dam bdo thap hon gisi han bt
lira (1,7% mol o-xylen/1 mol khéng khi) va dé trdnh su phan huy cla xic tdc.

@ Thu hdi va tinh ché sidn pham:

Ngay nay, phuong phip dugc sit dung phé bién nhat dé thu héi anhydrit phtalic
tir dong san phdm ra khoi thiét bi phan ng, 46 1a hé théng ngung tu theo chu trinh.
Trong hé théng nay, mot s thiét bi 1a thiét bj két tinh, tai d6 anhydrit phtalic déng
rin nhd duge 1am lanh trong céc Sng cé 14 tin nhiét, mot s thiét bi khic duge trang
bi dudong 6ng din ddu néng d€ lam noéng chdy cdc tinh thé va thu héi san phim két
tinh trudc d6. Theo cdch nay, ¢6 thé thu héi d&n 99% anhydrit phtalic ¢6 trong dong
san pham.

Céc khi du, chita phdn 16n déng sin phdm anhydrit maleic va nudc duge thai
vao moéi trudng hoac dét chdy. Nude rira khi ciing ¢6 chita mot lugng nhd cdc axit
phtalic, benzoic va citraconic. Axit maleic duge thu héi & dang anhydrit. Anhydrit
phtalic thé véi do tinh khiét 99 + 99,5% KL chita cdc axit khic (phtalic, maleic,
benzoic) duge dun néng & dp suat khi quyén dé tach nude cla axit phtalic va chuyén
hod cdc tap chat mau thanh san phdm c6 nhiét do séi cao dé& tach hon.

Giai doan tiép theo 1a chung chan khong trong hai thdp. Tai thdp tha nhat, thu
héi anhydrit maleic va cdc axit benzoic, toluic (& dinh thdp) va tai thip thit hai, thu
hoi anhydrit phtalic (& dinh thdp). Cdc can c6 nhiét do soi cao dugc tich ra & ddy
thdp that hai.

b) Cdc loai hinh cong nghé:

Cac qua trinh pha hoi duge chia thanh hai loai: xdc tdc ¢6 dinh va xiic tdc tang
501,

Trude day, c6 hai loai cong nghé xic tdc ¢&§ dinh: mot loai cé thé 1am viéc &
nhiét d6 thap (350 + 390°C), téc d6 the tich thap, hiéu suit cao, mot loai ¢é thé 1am
viéc ¢ nhiét do cao (450 + 550°C), t6¢ do thé tich cao nhung hiéu suat lai thap hon.
Su phat tri€n cla cdc thé hé xiic tdc méi da gidp cho qua trinh c¢é thé van hanh & 380
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+ 400°C, t6c do thé tich cao, nhung vin giit duge hitu suit cao nhu qud trinh lam
viéc & nhiét do thip. D6 1a cdc cong nghé cha BASF, Flatital, Japan Catalytic
Chemical, Lonza, Mitsu Toatsu, Rhéone-Poulenc, Scientific Design, Veba...

Cic qud trinh cong nghé xic tic ting s6i chi yéu sir dung nguyén liéu
naphtalen ¢6 hi¢u suit thdp hon cong nghé xic tdc c6 dinh, dic biét 13 khi sir dung
nguyén liéu o-xylen. Cong nghé dién hinh 13 cha hdng Sherwin-Williams/Badger.

* Cong nghé BASF xiic tac ¢& dinh:

Hinh 6.15 mo ta so do hoat dong cha cong nghé BASF xiic tic ¢& dinh. C4 hai
dong nguyén liu o-xylen dugc gia nhiét t6i 140 + 150°C va khong khi dugc loc, nén
va gia nhi¢t t6i 160°C duge din vio thiét bi phan tng 6ng chim chita 15000 ong
duong kinh 2,5 cm, cao 3,2 m. Nhiét d6 duge giit & 380°C nhd tuin hoan muéi néng
chdy. He thong trao d6i nhigt véi dong luu chat tudn hoin duoc sit dung dé san xudt
hoi dp suat cao (6 MPa). Xic tac 1a hén hop cha cdc oxy vanadi va titan mang trén
chat mang tro khéng cé cdu tric x6p. Hiéu suit anhydrit phtalic 1a 74% véi lugng
o-Xylen t1éu thu 95%.

o-zylan
Qj Hoi MP
f:‘—g}'——- J Mo cong
Khdng khi Hoi Ngung nghidp
1u gidn
Cép nude cfogn =~ 1
=1
1 chéy
khl dur
Chan k
Chén khdng " khdng
Hai Hai
Chan khéng Chén khdng s Msdc

2 g

: e Anhydrit phialic
tl & finh khid1

] =

= a8

= e

Phén huy céc 1ap SF nan
chél khéng bay hoi "

Hinh 6.15. Qud trinh BASF xiic tdc ¢d dinh oxy hod o-xylen
sdn xudt anhydrit phtalic

183



Dong san phdm phan ing trude hét duge lam lanh va tan dung nhiét san xuat
hoi 4p suat thap (1 MPa) va khi du duge rira bang nude, sau d6 thai vio méi trudng.
Dong sin phdm ngung tu nhan duge s& duge tigp tuc chuyén téi cdc thiét bi ngung tu
lam viéc gidn doan, tai d6 san pham dugc néng chdy & 130°C va dén vio bé chia.
San phdm thé dugc gia nhiét chan khéng vdi su ¢6 mat clia céc phu gia dé phan huy
cac tap chét khong bay hoi (polyme, cdc sdn phdm mau). Sau dé né dugc chuyén
sang thdp chung chan khong thit nhat (15 kPa) tich anhydrit maleic va cdc axit
benzoic va toluic ¢ dinh, réi chuyén sang thdp chung chan khong thd hai, tai day
99,5% KL anhydrit phtalic dugc thu héi & dinh.

* Cong nghé Sherwin-Williams/Badger x(c tic ting soi:

So db cong nghé clia qud trinh nay dugc moé 1a trong hinh 6.16. Naphtalen tinh
khiét ¢ dang 16ng (nhiét d6 néng chay > 80°C) dugc dua vao phia dubi I6p xiic tac
chira trong thi€t bi phan ng. Ngay l4p tic, nguyén liéu s& hod hoi va phan tin vao
moi trudng ran, ti€p xidc véi xdc téc ndng va khéng khi dugc dua vao tir ghi phan
phdi phia dudi cia he théng. Naphtalen bay hoi va bi oxy hod thanh anhydrit phtalic

Hoi NF
Cép nudc A MM cdng
T nghigp
=1 Mgmgw
[ gidn doan
l Chin khdng
Hoi
Ne
Chén khdng
-
2 Anhydriv
€ phialic
Khéng kh =
Naphtalan Phan huy
cic 1ap
chét khéng
bay hoi SP
nang

Hinh 6.16. Qud trinh Sherwin-Williams/Badger xiic tdc ting s6i
oxy hod naphtalen san xudt anhydrit phtalic
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o nhiét do dong nhét 340 + 385°C nhd ¢6 su khudy tron manh clia méi trudng phan
ung do tic dong cla xiic tic tang soi. Xidc tdc duge sir dung cho qua trinh nay 1 oxyt
vanadi mang trén silicagen.

Nhi¢t phan {ng dugc tdch di nh& tuidn hoan nuée trong cic 6ng dat trong 16p
xuc téc, va duoc tan dung dé san xudt hoi 4p suat cao. Cic hat rin cudn theo dong
khi ra khoi thiét bi phan déng bi gitt lai nho cic ludi loc st va trd lai moi trudng phan
Ung. Anhydnt phtalic tac thanh duge ngung tu & trang thdi léng va rin. Sau dé,
chiing dugc chuyén t6i khu vuc tinh ché, tai day ching sé dugc xir 1y nhiét dé phan
huy cdc tap chat khong bay hoi gay ra sy ¢6 mau cda san phim va chung cit chan
khong. Hiéu suat anhydrit phtalic theo phuong phdp nay khéng cao nhu vé6i céng
nghé xiic tdc c¢6 dinh, dac biét la khi nguyén liéu dau 1a o-xylen.

6.2.5.4. Oxy hoa p-xylen sdn xudt axit terephtalic

Phuong phdp cong nghiép phd bién nhat dé san xudt axit terephtalic va dimetyl
terephtalat dua trén co s& qua trinh oxy hod p-xylen. Rat nhiéu qu4 trinh thit nghiém
da duoc tién hanh dé da dang hoa nguyén liéu cho qua trinh va dé lam giam tdc dong
cba gid thinh nguyén liéu lén gid san phdm, dic biét 1a qu4 trinh chuyén hod o-xylen
va toluen. Tuy nhién, cdc phuong phdp nay van con han ché do cong nghé phic tap
va thiéu tinh chon loc.

® Oxy hod p-xylen biang axit nitric:

Bay la qua trinh cong nghiép dau tién dugc sir dung dé san xuit axit terephtalic.
Qud trinh nay sit dung phéan tng oxy hod pha léng p-xylen bing axit nitric & 165°C
va | MPa. Phan ing xay ra nhu sau:

CH, COOH
[ I
-
(\j +4HNO; —= Ej +4H,0 + 4NO
i ©
|
CH, COOH AH 3¢ =750 kJ/mol

Axit terephtalic tao thanh khéng hoa tan dugc tich ra khodi méi trudng phén
ng nho qua trinh ket tha va ly tam. Sau khi lam kho, san pham dugc este hod bing
metanol & 150°C véi sy ¢é mat cla xic tdc axit sunfuric. Hiéu suét téng cta qué
trinh 12 90% mol, nhung su c6 mat cla cdc hgp chat nitg 1am cho qué trinh tinh ché
rdt khé khan, viée thu hoi cic nito oxyt doi hoi nhimg chi phi lén, lam trdm trong
thém van dé kinh t€ clia cong nghé nay. Qua trinh duge cong nghiép hod véi Du Pont
nhung di bi loai b6 vao ddu nhilg nam 1970.
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® Cong nghe Witten:

» Nguyén tic:

Trong khi qud trinh oxy hed mot nhém metyl clia p-xylen taoc nén axit p-toluic
rat dé dang thi qui trinh oxy hod nhém metyl cdn lai khé hon nhiéu. Trong cong
ngh¢ Witten, do Dynamit Nobel va Hercules thiét k&, vé 1y thuyét, qué trinh s& dién
ra qua 4 giail doan oxy hod va este hod ludn phién:

Oxy hod p-xylen bang khong khi dé tao thanh axit p-toluic:

CH,4 COOH
I |
(\j +320, —= E\j + H,O o
l/ s AH 08 = —690 kJ/mOl
|
CH,4 CH;4
Este hod axit p-toluic bing metanol tao p-metyl toluat:
COOH COOCH,
| I
=
E\j + CH3OH — Ej + H20 9
‘/ l/ AH 368 = —30 kJ/mOl
CH; CH;
Oxy hod nhév metyl cdn lai d€ tao thanh metyl terephtalat:
COOCH, ?OOCHz
|
R =
E) +320, — EI; + ;0 AHY9¢ = — 675 kl/mol
I
CH; COOH
Este hoa hgp chat nay thanh dimetyl terephtalat:
COOCH;4 COOCH,
I I
A = .
E) +CH;OH — E) + H0 AH Y5 = ~ 30 kJ/mol
| |
COOCH COOCH;

* San xudt cong nghiép:

Thuc &, day chuyén sin xudt axit terephtalic ¢ong nghiép duge chia thinh ba
phan: oxy hod, este hoa va tinh ch& (hinh 6.17).
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Matanol

Thu hai p-zylan Matanol 1én hodn
|
o3
e 16¢ s e 18
-

r™ h —
: g EE@'

3 e a
—a E E o : E
p-xylan 2
=2

Khéng khl ‘
o

Chén khdng Tgin holén eyl 1olus
wé p-aylen

(| Tach SP mang

Téch dimatel
taraphialai thd

Hinh 6.17. Qud trinh Witten sdn xudt axit terephtalic nr p-xylen
bing phuong phdp oxy hod va este hod lién tiép

Phan oxy hod: Nguyén li¢u p-xylen mdi va tuan hoan ciing p-metyl toluat duge
dan vao cdc thiét bi phan ing dat ndi tiép chifa san xic tde coban naphtenat. Khong
khi dugc suc vao tir dudi ddy thap. Qud trinh phan ing xdy ra ¢ 0,4 + 0,7 MPa, 140 +
170°C. Nhiét phan tng duge tach di va nhiét do qua trinh duge duy tri 6n dinh nhé
bay hot p-xylen du.

Phin este hod: Cac thiét bi phan ing duge dat thanh diy néi tiép. Qué trinh
chuyén hod axit toluic vd metyl hydro terephtalat xay ra déng thoi tao thanh cdc este
tuong img. Xuc tdc cho qud trinh 12 toluen sunfonic axit duge pha lodng bang metanol
truGe khi dua vao thi€t bi phan ing. Phan itng este hod xay ra & 200 + 250°C.

Phén tinh ché&: Dong sin pham duge chuyén dén diy thap chung cit. Thdp dau
tién (30 + 35 dia) phan tdch hén hgp metanol/nuéc & dinh, sau d6 dua sang thdp
dehydrat hod (25 + 30 dia), trong khi sin phdm ddy dugc chung phan doan tich este
dudi diéu kién chan khong mot phin (40 + 45 dia). Metyl toluat v p-xylen dura &
dinh thdp dugc tudn hoan trd lai thi€t bi phan tng oxy hod. Ddng san pham chita axit
terephtalic tho dugc chung cat lai dudi chan khong dé loai bd cdc sin phdm ning (20
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dia) va chuyén sang thiét bi két tinh chan Khéng (40 + 50 kPa) sir dung dung moi
metanol. Qud trinh két tinh thif ¢8p hoac rira 1i€p xtic nguoc chidu véi metanol s& két
thiic toan bg qua trinh tinh ché. Cudi cing, dimetyl terephtalat dugc ly tam, néng
chay d¢ loai bé metanol du va chung chan khong (30 dia). Hiéu suit ciia toan bd qud
trinh tinh theo p-xylen 12 87% mol.

® Cong nghé Amoco:

San pham clla qu4 trinh nay 14 axit terephtalic ¢6 dé tinh khiét dip dng duogc
qud trinh san xuat sgi polyeste. Cong nghé Amoco dugc thiét ké bdi hing Mid
Century Corporation va nha mdy ddu tién dugc dua vao van hanh & M¢$ nam 1958,
Keé tir d6, cong nghe nay da trd thanh qud trinh cong nghiép phé bién rong rii nhat
dé sdn xuat axit terephtalic.

* Nguyén tic:

p-Xylen dugc oxy hod trong dung dich axit axetic bang khong khi & khoang
175 + 230°C va 1,5 + 3 MPa. Hé xiic tdc gém axetat coban vi mangan vi chat khai
mao chira brom (NaBr). Phan ing téng cha qud trinh nhu sau:

CH, COOH
I |
- =
[; 320, g E) 20 A =—1360 kifmol
i
CH, COOH

D6 1a k&t qua cha co ¢h€ phan iing chudi din dén két qui cudi cing 13 tao ra
aldehyt c6 thé bi oxy hod rdt nhanh thanh axit cacboxylic. Qud trinh dugc gia thiét
Xay ra nhu sau:

Khai mao: NaBr + CH;COOH —=» HBr + CH;COONa

Phat trién mach: HBr + 0, —= HO'+ Br*

CH; .CHz
| _ |
(‘j +Bf — @ + HBr
= -
I |
CH; CH,
" CH, CH,00°*
| |

=
QD o~ 0
=z |/
|
CH, CHj
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CH,00° CH,00"

| I
0 o —
= I/
|
CH, CH,;

d ~—o

COOH

O —-—O

Co** + HBr — (Co*' + Br + H'

Vi qua trinh hoat hoa nhém metyl thi hai cling dugce ti€n hanh tuong tu.

Két thic:
CH,00 * ™
I
2 E\j —
l/
CH;,
CHjoo H;

(j (j > Cic san pham khéc

[3

=
()

I

CH,
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= San xuat cong nghiép:

Hé¢ théng phan xudng san xuit axit tercphtalic theo phuong phdp oxy hod
p-xylen géom hai phdn chinh sau (hinh 6.18):

Thu hdi duna i

F-zylan
A azalic

e 18c

Chufin bi
2UC 164G

Khéng khi

Nurde CH

5 1a
&p suli ﬁﬁL
HAotaraphializ tinh khi1

Khéng khi

Hinh 6.18. Quda trinh Amoco oxy hod p-xylen san xudt axit terephtalic inh khiét

Phan phan ung: Thi€t bi phan ing dugc thiét k&€ vai dong nguyén li¢u di tir trén
xuéng. Nguyén liéu 1a hén hgp gom p-xylen, axit axetic va dung dich xtic tic da
duoc chudn bi trude trong mot thiét bi riéng. Moi truong phan ing duge khuay trén
nho suc khong khi vao ddy thdp. Hoat tinh 4n mon cia brom va cdc axit hiru co doi
véi thép cacbon doi hoi vat liéu lam thiét bi phan img va maét s6 bo phan khéc phai la
thép khéng gi dac biét, nhat 13 13 hé thdng thu héi nhiét. Nhiét do va ham lugng oxy
trong méi trudng phan tng phai duge kiém sodt chat ché dé ngan ngira su hinh thanh
cdc san phidm phu khong mong muén. Nhiét cba phan (ng duge tdch ra nho bay hoi
mot phan moi trudng phan tng (axit axetic, p-xylen va nudc) hoic bom tuin hoan
hén hop phan ting qua thiét bi trao déi nhiét. Thai gian fuu khoang 1 gi¢r v hiéu suat
dat 95% mol.

Phin thu héi va tinh ché axit terephtalic: Dong san pham ra khoi thiét bi phan
ting duge dua vao thiét bi ket tinh thit nhat lam viée tai 180°C va 0,5 + 0.7 MPa, tai
d6 qud trinh 1am lanh dugce thuc hién nhd bay hoi mét phan axit axetic, p-xylen chua
chuyén hod va nudc tao thinh trong qud trinh phan dng. Hon hop sau khi duge ngung
tu, chung phan doan trong thiap 40 + 45 dia, phan hydrocacbon va dung moi sé dugc
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tudn hoan tro lai thi€t bi phan ting. Dong sdn pham ti€p tuc duge 1am lanh trong thigt
bi ket tinh th hai tam viéc tai dp sudt khi quyén, nhiét 46 110°C ciing duoc duy tri
nho bay hoi mét phan méi truong phan dng. Ly tam huyén phu, téch axit terephtalic
tho chuyén dén khu vyc tinh ché. Trong khi dé, axit axetic trong dung dich két tinh
dugc thu héi lai nhés chung cat trong thédp chung 20 dia va tuan hoan tr3 lai. Pén day,
do tinh khiét cta san pham dat 99,5 %.

Cic tap chat ¢6 trong san pham la cdc axit thom tao ra tit qud trinh oxy hod
p-xylen (p-toluic axit) vi cdc hydrocacbon thom khdc ¢4 trong nguyén kicu (axit
benzoic. isophtalic, o-toluic), cdc aldehyt, xeton, nhung quan trong hon ca Ia
4-cacboxy benzaldehyt, tap chdt nay lam cho polyme ducc san xuat tor axit
terephtalic ¢6 mau. Chiing ¢ thé dugc khir nhd qud trinh hydro ho4 tién hanh nhu
sau: Axit tho s€ dugc tao huyén pha véi nude & 95°C, ly tam, réi lai tao huyén phi
trong nudc néng, va dua tdi thi€t bi hoa tan, nang nhiét téi 250°C, 4 MPa. Dung dich
nude duge dua tdi thi€t bi phan tng hydro hod lam viéc & diéu kién trong tu véi su
c6 mat cua xuc tic ¢6 dinh paladi mang trén than hoat tinh. San phidm hydro ho4
dugc két tinh, ly tam, rita bing nude va 1am kho trong khong khi.

191



Chuong 7
OUA TRINH HALOGEN HOA

7.1. GIOI THIEU CHUNG

Halogen hod 14 qué trinh dua phan tlt halogen vao phén tir hop chat hitu co. Tuy
theo dang halogen dua vao ma ta phan biét qud trinh: flo hoa, clo hod, brom hoad, 10t
hod.

San phidm chinh thu duge la cdc monome va chat dau cho vit liéu polime, céc
chat bao vé thuc vit, dung méi, cdc sian phdm cé ing dung khéc: san phdm trung
gian, ding cho k¥ thuat lam lanh, y hoc, dau nhom. Trong céc qua trinh halogen hoéa,
qua trinh clo hod parafin, clo hod Ar duge ing dung nhi€u nhat, sau d6 1a flo hod,
brom hod.

7.1.1. Cic dang phan (ing
7.1.1.1. Halogen hod thé

LA qué trinh thay thé nguyén ti hoic nhém nguyén tit biang halogen. Trong
cong nghiép ing dng cdc qua trinh sau:

- Thay thé nguyeén tir H bing halogen. ™

+Cl
=2 _  RCl+ HC

CHCH; — €2 o CHCH,Cl + HCI

— CI'C6H4CH3

- Thay thé nguyén tir halogen ndy bing halogen khdc: qua trinh nay dugc ing
dung trong cong nghiép dé diéu ché cic din xuit flo, brom, iot tir cdc dan xuit clo
san ¢6 hon.

+ Diéu ch€ dan xuat flo: diing tic nhan HF (san xuat freon CClL,F, tir CCly)
CCl, + 2HF - CCL,F, + 2 HC1

+ Diéu ché din xuat brom, iot: ding muéi cla axit tuong ung.
RC1 + NaBr — RBr + NaCl

- Thay thé nhém hydroxyl (~OH) bang halogen.
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ROH + HCi — RCl + H,0
RCOOH + COCl, - RCOCl + HCl + CO,
— COCl, 14 tdc nhan clo hod rat manh nhung doc.

7.1.1.2. Halogen hod cong

Qua trinh halogen héa cong 13 qué trinh cong tdc nhan halogen theo lién két
khong no hoac theo nguyén tir C & trang thai hod tri thap.

- Cong halogen tu do theo cac lién két doi, ba, thom
>c=< + C, - sca-ccil
-C=C- + (Cl, - -CCl,-CCl,-

CHy + 3Cl, > CiHCl,

- Phan tng clohydryl hoa olefin (phan tmg cong clo ¢6 mat nude):
CH,CH, + H,0 + Cl, -» HO-CH,-CH,-Cl + HCl

- Cong halogen theo nguyén tir C ¢ trang thai hod tri thap.
CO + Cl, » COClL,

7.1.2. Tac nhan halogen hoa

Téc nhan halogen héa duge sir dung nhiéu nhaét 13 cde halogen ty do (Cl,, Br,),
hydro halogen (HF, HCl, HBr), halogen anhydric (phosgen COCl,). F, va I, it dugc
sit dung vi phan iing iot héa thu nhiét va dién ra qui cham, trong khi d6 F, lai phan
tng qua manh, c6 thé 1am dit ca lién két C-C, nén d6 chon loc khong cao.

Cic halogen tu do ¢ dac diém chung 13 an mon thép (dac biét khi ¢6 dm), vi
vay cin chid ¥ t61 vat liéu ché tao thiét bi. D6i v6i qua trinh flo hod, thiét bi thudng
duge ché tao bing Ni, Cu. Thiét bi clo héa thudng duge 1am bang thép trang men cé
iét chi hodac gém, hodc bang thuy tinh, cdc dng din thudng iam bang chi. Ngoai ra
trong qu4 trinh chudn bi nguyén liéu cin phai lam kho tic nhan tham gia phin Ung
dé tranh in mon thiét bi.

T4t ca cdc tdc nhan halogen héa déu tan trong chat long hitu co do vay ¢é thé
ti€n hanh phan ing halogen héa trong pha 16ng. Kha nang tan giam theo day:

BrZ > C}.z > F2
HBr > HCl > HF

Céc tdc nhan ndy ¢6 mii gat, kich thich niém mac mat, déc, gy bodng (dac biét

1a F, va HF), vi vy trong qud trinh san xuét can chi trong khau an toan.
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7.2. CLO HOA PARAFIN
7.2.1. Hoa hoc va co s6 1y thuyét
7.2.1.1. Co ché phdn ing
Quad trinh halogen héa xay ra theo co ch& chudi géc bao gom ba giai doan: phit
sinh mach, pht tri€én mach va diit mach. Tty vio diéu kién phan ing, giai doan phét
sinh mach va dit mach cé thé x4y ra theo céc kiéu clo héa nhiét, quang va khoi mao. |
» Giai doan phat sinh mach: Tao géc tu do

+ Clo hod nhiét: Phan ang pha khi, géc tu do duge tao thanh do nhiét d6 cao
v61 sy tham gia cla thanh thiét bi.

Cl, + bé mat thanh thiét bi —» Cl" + Clisp phu
+ Clo hod quang: goc tu do duge tao thanh do hdp thu lugng tir.
Cl, + hv > 21

+ Clo hod ¢6 chdt khoi mao (chdt dé bi phan huy thanh géc tu do & nhiét do
thudmg), vi du: peroxyt benzoil:

(C4H5COO0), — 2 CH,COO" — 2 CH;" + 2 CO,
C¢H;" + Cl, - CH:Cl + CI'
Phat trién mach:
RH + CI" - R* + HCl
R*+Cl, » RCl+CI

Pt mach:
+ Clo hoa nhiét CI" + thanh thiét bi — Closp phu

+ Clo hod quang va clo hod khoi mao: phan ng bi dimg lai do hai géc tr do
két hop véi nhau, qua trinh nay con duge goi la dift mach binh phuong

2RCH,-CH," — R-CH,-CH,-CH,-CH,-R

hoic 2RCH,CH," - R-CH=CH, + R-CH,-CH,
hoic 2C1" > Cl,
hoac R"+CI" -5 RCI

+ Dt mach do ¢6 tap chit: pherol, S, O, (d6 1a cac chidt ham). Cédc tap chat
tac dung vdi géc hoat dong tao thanh cdc gbc khong hoat dong, do vay dodi hoi
nguyén liéu phai sach’

Vidu: O, + R® - ROO™ (khong hoat dong)
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7.2.1.2. Ndng luong hoat hod (E,;)

Téng nang lugng hoat hod clia qué trinh duge quyét dinh bdi giai doan phat
sinh mach.
+ Clo hod nhiét: By, = 30 = 40 kcal/mol

Qua trinh clo héa nhiét thudmg duge tién hanh & nhiét do 250 + 500°C. D€ tang
van tdc phan Ung ngudi ta s ting nhiét do.

+ Clo hod quang: E,, = 5 + 10 kcal/mol

Qué trinh clo héa quang thudng ti€n hanh & nhiét d6 30 + 40°C D€ tang van téc
phan 1tng phai ting cudng d6 chidu sing

+ Clo hod khoi mao: Ey, = 20 kcal/mol

Qué trinh clo héa khoi mao thudng tién hanh & nhiét do 70 + 120°C. Pé tang
vén téc phan wng ta c6 thé ting nhiét do hodc ting ndng dé chat khoi mao.
7.2.2. Cong nghé clo hoa
7.2.2.1. Clo hod pha long

a. Sdn phdm

- Cac déan xuét poli clo etan: 1,1,2- tricloetan (CHCI,-CH,Cl), 1,1,1-tricloetan

(CCl;-CH,), pentacloetan (CCl;-CHCl,), hexacloetan (CCl;-CCl,). Cic dan xuft nay
duing dé san xuit monome, dung moi...

- Cdc clo parafin: diing d€ sin chat ho4 déo, phu gia...
b. Ddc diém
Qud trinh ti€n hanh & nhiét d6 vira phai (40 + 120°C) do vay dé tdch nhiét phan

tng. Tuy vay quad trinh phai chi€u sing hoac dung chit khoi mao nén tén kém hon so
vdi clo hod nhiét trong pha khi.

Trong céng nghiép dung hai phuong phdp:

+ Clo hoa khoi mao: Cau tao thi€t bi don gian, tuy nhién chi phf cho chat khot
mao dit, san pham khong sach do chét khoi mao bi phan huy.

+ Clo hod quang: Khong phai ding chat khoi mdo — san phdm sach. Thiét bj
¢4 cdu tao phic tap, ddu tu co ban 16n, tén dién nang.

¢. Thiét bi clo hod

Cum thiét bi clo hod hoac toan bo day chuyén phan tng clo hod cé thé tién
hanh gian doan hoac lién tuc. Trong bat k¥ trudng hop nao, thiét bi clo hod ciing phat
¢ day da cdc bd phan sau:
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- Suc khi clo

- Lam lanh, tich nhiét phin Ung

- Tdch khi

- B phan théng tin, thiét bi kiém tra do ludng.

- B9 phan chiéu sang (d6i véi clo hod quang)

Trong c¢éng nghiép c6 cac loai thiét bi sau (hinh 7.1):

(a) Thép clo hod 1am viéc gidn doan cé lam lanh ngoai. B phan suc clo la &ng
vong, ¢6 khoan 16, dén chiéu sang lap doc theo chiéu cao thiét bi. Hoi san phdm ra
duoc ngung tu va tach khi HCIL. Tédch nhiét phan itng t3t, nhiét dong déu.

(b) Thdp clo hod 1am viéc lién tuc: cdc éng xodn 1am lanh bang nudc dat theo
chiéu cao thiét bi.

(¢) Clo hod tiach nhiét phan ing bing bay hoi chit 1ong trong khéi phan ing.
Thuong dung cho san xuit cic dan xudt clo cé nhiét do s6i thdp (dicloetan).

HO HCl
RH HCl RH RH
.‘_
—
(—
—>
) ‘_
C12 — L
— - - 1,0 Cl,
RCl RCI
RCl o
a) b)

Hinh 7.1. Cdc thiét bi clo hod parafin trong pha long

d. Cong nghé clo hod
Qua trinh duge tién hanh qua cdc cong doan sau:

¢ Chuin bi tdc nhan: cho bay hoi clo 16ng bang cich gia nhiét
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e Clo hoa

Qua trinh dugc ti€n hanh bang cdch suc khi clo qua kh&i phan dng léng. Clo
tan vao céac tic nhan hitu ¢o cin clo hod va phan ing xay ra trong dung dich. HCl tao
thanh tach khoi khoi phén ing theo dudmg khi di xir ly. San pham tich lai trong khoi
phin ung. Ti trong clia chat 1ong tang ddn, nhd vay ngudi ta c6 thé kiém tra mic do
chuyén hod bang céch do ti trong clia khéi phéan ing.

Thanh phan pha 16ng sé thay déi theo ti€n trinh phan tng, ¢ thé din tdi tao san
phdm cloparafin sdnh dac (khéng con hydrocacbon ban dau). Trong trudng hop tao
sdn phdm rin, d¢ tao khéi phan tng déng nhét cin phéi cho thém dung méi hoac tién
hanh phan ttng ¢ dang dung dich huyén phii trong nudc.

¢ XU 1y khi san phiam

Khi san pham thu duge & dinh thap clo hod ¢6 chita HCI va céc tdc nhan hitu co
can dugc tich riéng. Tac nhan hitu co ¢6 thé duge thu hdi bang cdch 1am lanh hodc
hdp thu bang dung méi. Khi HCl duge rita bing nuéc dé thu duge axit clohydric
20 + 30%.

e Xir1y san pham clo hod

San phdm clo hod thu duge & ddy thap trudc tién duoc tich HCL. So dé tach HC
khoi san phdm clo hod dugc trinh bay trong hinh 7.2.

Khé[?(gj[khf‘ RCl HCI
RCLHCI
g ‘"l 4_I RCL HCI[ R
vaR'CL, |—
z Nuge ——
O —
: —
Khong khi,} HCL} . N —
RCl
R'Ct
Rc1 | Dung dich HCL  NaOH thii :

{a) {b) (

L2]

)

Hinh 7.2. So dé tdch HCI khdi khéi sdn phdm clo hod:
(a) tdch bang théi khéng khi; (b) bing trich ly; (c) bing chung cat

Déi véi cdc san phdm it bay hoi (nhu clo parafin) c¢6 thé ding khong khi hoac
-nitg d€ dudi HCl ra khoi khéi phan dng (hinh 7.2a), cdc trudng hop khic ¢6 thé tién
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hanh rita chat 16ng trong thap trich ly l4n luot bang nude, dung dich kiém va nudc
theo phuong phdp nguge chiéu (hinh 7.2b) hodc tién hanh cat HCI ciing tdc nhan him
co con du trong thdp chung (hinh 7.2¢).

Sau khi tach HCI, khéi san phdm dugc ché bien theo cdc phuong phip khéc
nhau thuy theo loai san phdm. Cac san pham cloparafin cé thé ding ngay, cdc san
pham polyclo hod phai chung cit, loc hoic két tinh dé tich dung méi, cdc din xuat
cloetan dugc dua di ti€p tuc chung cat d€ tdch san phadm phu, tich tic nhan chua
phan ing...

7.2.2.2. Clo hod pha khi

a. Sdn phdm: din xuét clo bén nhiét (din xuit clo clia metan)

- Metylclorua (CH,Cl): san phidm dang khi diung 1am tic nhan metyl hod cho
san xudt cic hop chat co kim nhu tetrametyl chi (CH;),Pb

- Metylen clorua: dung lam dung moi

- Clorofoc (CHCl,): dé sin xudt monome, san xudt freon CFC 22- monoclo
diflo metan (CHCIF,)

- Tetraclometan (tetraclocacbon) (CCl,): sir dung lam dung méi hodc san xuat
freon: CFC 1,1-triclomonoflometan (CCL3F), CFC 1,2-diclodifiometan (CCLF,)...

b. Bdc diém qud trinh
- Phan tng & nhiét do cao, do vay khé tdch nhiét phan dng.
- Chi diing d¢ san xuat dan xuit clo clia metan va monoclo C2 + C5.
- Nhiét d¢ phan tng: chon sao cho tranh dit mach cacbon.
+ Clo hod CH,: 500 - 550°C
+ Clo hod C,Hq: 450°C
- Thoi gian tiép xdc ngan: 0,1 - 2 gidy.
c. Thiét bi phdn tmg: 3 loai (hinh 7.3)

- Thi¢t bi ¢6 dém gii¥ nhiét (hinh 7.3a): nh& ¢6 budng dét, dém duge d6t néng
trude dén nhiét do can thi€t, khi cho nguyén liéu ¢ nhiét do thudng vio, phin ting s&
xdy ra trong 1ong thi€t bi nhd ¢6 cdc dém gilt nhiét, sau d6 nhiét phin dng toa ra dot
nong tac nhén va bu vao nhiét mat mat ra moéi trudng xung quanh.

- Thi€t bi xtic tdc tang soi (hinh 7.3b): su chuyén dong cha xic téc trong thiét
bi dam bao ché do nhiét.

- 6ng rong (hinh 7.3c): ding cho trudng hop nguyeén liéu da dugc gia nhiét trude.
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Hinh 7.3, Cdc thiét b clo hod parafin trong pha khi

c. Cong nghé clo hod
Qua trinh clo hod parafin trong pha khi bao gém céc cong doan sau day:
* Chudn bi tdc nhan: cho bay hoi clo 1ong bang céch gia nhiét dén gan nhiét do

phong, hydrocacbon dugc sdy bing H,S0, hodc bing hidp phu dugc tron véi clo va
dua vao thiét bi phan tng.

*» Clo hod: qud trinh dugc tién hanh bing cdch cho clo va hydrocacbon & dang
khi qua thiét bi phan iing. Trong mét s6 trudng hop ¢6 thé dung xiic t4c dj thé la than
hoat tinh, dd bot, silicagen.

* Xu Iy khéi phdn tmg: nhdm tich HCI, nguyén liéu con du ra khoi khéi sén
pham. DGi v6i truding hop san phdm khé ngung tu nhu metylen clorua, tién hanh lam
sach khéi phan {ing khoi HCL, déng thai thu axit clohydric 30%, sau d6 nén, say,
tach hoi tdc nhan dua tudn hoan lai thigt b phan ting, san phim tiép tuc duge dua di
chung luyén dé phan riéng. D6i véi san phdm c6 thé ngung tu, ti€n hanh tich khi
hydrocacbon chua phdn ing va HCI ra khoi sén phdm 16ng. Hén hop khi lam lanh
ti€p dé tich HCI, hydrocacbon chira phén ing dugc tudn hoan lai thi€t bi phan dng.
Sén phdm long duge dua di chung luyén dé téch riéng cic din xuit clo.
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So d6 cong nghé téng hop metylclorua bing phuong phdp clo hod metan trong
pha khi dugc trinh bay trong hinh 7.4.

Metan va clo ¢6 thé phin (ing dé tao thanh nhiéu loai dan xudt clo, d€ thu duogc
san pham chinh la dan xuat metyl clorua, nguyén li¢u dau phéai dung du metan (d ié
mol metan/clo = 1,7/1). Nguyén liéu ddu duoc gia nhiét va dua vao thiét bi phin itng
¢d chira xic tdc CuQO/dd bot. Tai nhiét do 360°C va ap sudt khi quyén, hdn hop cdc
dan xudt clometan dugc tao thanh. Sin phdm khi dwgc Iam lanh, rira véi metyl
clorua. Sau khi tidch san pham phu HCI bang cich dua qua hén hgp axit-nuée, khi
san pham dugc sdy, nén va dua sang thdp chung cat duéi dp suét, metyl clorua thu
duge ¢ dinh thdp, cdc dan xuit clometan khédc thu dwoc & ddy thdp c6 thé dugce tigp
tuc dua di chung cdt dé phan riéng céc din xuat.

THIETBI LAM LANH.
PHANUNG NGUNG TU

HAP THUHCI TRUNG HOA TACH CH,Cl

2; CH.A
1 - Fy >
Lo, .
Metan
Y l D
— Hzo kg NaOH —
k“j
. HCl NaOH thai ]
Khi tuan hoan y | S
- Ci,Q,,
CHA,, cda,

Hinh 7.4, So do céng nghé clo hod metan

7.3. HALOGEN HOA CAC HQP CHAT KHONG NO
7.3.1. Halogen hoa olefin
- Olefin ¢6 kha nang halogen hod theo phuong phdp the hoac cong
CH,=CH-CH;3+Cl, — CH,=CH-CH,CI + HCI (thé-> allyl clorua)
— CH,Cl-CHCI-CH; (cong — 1,2-diclopropan)
- Ti 1¢ gilra hai phan /g dugc quyét dinh bdi nhiét do

200



+ Nhiét do thap: thuan lgi cho phan dng cong.

+ Nhiét d6 cao: thuin lgi cho phan tng thé.
7.3.1.1. Clo hod thé

- Khdi niém nhiét d¢ t6i han: 1a nhiét do tai dé phan vng th€ tréi hon phan (ng
cong. Nhiét do 161 han gidam theo d6 dai mach cacbon.

Vidu: GCH,: t, =270+ 350°C

CiHg: t,, = 250 + 300°C

- Co ché: chubi goc.

- Cong nghé: gidng clo hod pha 16ng parafin.

- San phdm: quan trong nhat 12 allyl clorua (CH,=CH-CH,-Cl).
7.3.1.2. Clo hod cong

a. Cong clo

e Xic tac: Axit Lewis (FeCl,) ting cudng qud trinh tao ion cacboni.

e Co ché: cong electrophyl (halogen hod xiic tdc ion)

+ C|2

CH2=CH2

. )
CHTCH2 CH,CI-CH, + FeCly—+ CH,CI-CH,Ct + FeCl,

+ FBC|3

5+

&
Cl— CI — FeCly

boi véi phan ing cong electrophyl, phan ung giam dan theo diy sau:
RCH=CH, > CH,=CH, > CH,=CHCI > CH,=CH-COOH

e Phan tng coéng ludn di kém voi phan dng phu 1a phan dng thé, ¢é thé gidm
phan ing th& biang hai cdch:

+ Giam nhiét dé xusng dén 30"C (= anh hudng dén téc d6 phan tng).

+ Dung chit him: thém oxy vao trong thanh phan hén hop phén ing dé c ché
phan tng thé. Khi c6 chét him, ¢é thé tién hanh phan tng & nhiét do 70 + 100°C.

e San phdm chinh: 1,2-dicloetan, 1,2-dibrom etan, 1,2-diclopropan.

o Cong nghé san xudt 1,2-dicloetan bang phuong phdp clo hod cong etylen.

EDC 1a san phdm trung gian quan trong dé téng hgp VC, ding lam phu gia
chéng kich nd hodc 1am hop chat trung gian dé san xuit amin va san xuat dung moi
(1,1,1-tricloetan, tri-, tetra-clo etylen...). Trong céng nghiép EDC dugc san xudt bing
phuong phdp clo hod truc ti€p etylen hoac oxy clo hod etylen. Trong thuc t€, hai qud
trinh trén thudng dugc két hop voi nhau va duge néi vdi thiét bi san xuat VC dé tan
dung lugng HCI tir qua trinh tao VC.
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Qua trinh clo hod tryc ti€p etylen thudng dugc tién banh trong pha léng, pha
khi it dugc sit dung. Phan ing toa nhiét, nhiét d6 phan ng 50 + 90°C phu thudc vio
phuong phép thu EDC. Khi EDC thu & dang 1ong, nhiét do phéan ting 50 + 60°C, khi
EDC thu ¢ dang khi nhiét d¢ phan tng 85 + 90°C, 4p sudt thap: 0,3 = 0,5.10% Pa, ti 1&
CL/C,H, = 1

Cong ngh¢ EDC bang phuong phdp clo hod etylen duge trinh bay trong hinh
7.5va7.6.

Nguyén liéu etylen va clo dugc suc vao thiét bi phan vmg clo hod ¢é chita xiic
tic FeCl; trong moi truong EDC. Nhiét phin tng duge tich va diéu khién bing céch
cho moi trudng phan tng tudn hoan qua bo phan trao d6i nhiét, 1am lanh dat ngoai thép.

Néu ti¢n hanh phan ting & 50 + 60°C (hinh 7.5), thi sdn pham thu dugc & dang
hén hgp khi/léng. Hén hop san pham duge dua qua thiét bi téch khi/tong [Am viec
trong moi trudng khi tro (nita) d€ tranh chdy né. Khi san phdm duge thém clo va dua
vao thi€t bi phan ting thif cdp, sin phdm EDC cia thiét bi phan ¢ng thit cap sé duge
ding d¢ lam moi trudng phan ing clo hod va dé diéu ché dung dich xiic tic FeCl,.
San pham long ra khoi thép tach khi/long dugc gia nhiét va 6n dinh nhd thép chung
cat. Phan khi tich ra duge dét bd, san phdm 16ng duge dua sang bo phan tinh ché dé
thu duge EDC 99,8 % trong lugng.

Trong bo phan tinh che, dau tién nude duge thém vao d€ ting cudng qud trinh
tich xic tdc FeCl;, pha léng thu duge & phia trén thdp ling chira nuéc c¢é lin mot
lugng nhé EDC hoa tan duge dua sang thdp tich EDC ra khdi nudc va tudn hoan lai
thdp lang. L&p 1éng phia dudi thip lang gidu EDC duge dua sang bo phan trung hoa
bing amoniac, sau d6 dugc sdy bang chung cat dang phi. Phia trén thip chung cat
dang phi, EDC sau khi qua thing lang nang hon nudc s& duge héi luu lai thap, phan
nudc con 1an mét lugng rat nhd EDC duge tudn hoan lai thap tich nude. EDC khan
thu dugc & ddy thdp chung c4t ding phi dugc dua sang thdp tach san pham ning, dé
tich EDC khoi cdc san phdm phu nhu tricloetan, percloetan, percloetylen. Cic sin
phidm nang cé thé duge tach va sl dung 1am dung méi

Néu tién hanh phan ng & 85 + 90°C (hinh 7.6), ti&c 12 gan nhiét d6 s6i coa
EDC thi san phdm thu duoc & dang khi. Quaé trinh nay ¢6 vu diém 13 khong phai tich
xdc tdc khoi khéi phan éng. Nhiét phin dng duge tich bang cdch cho bay hoi mot
phdn moi truéng phan ing, do vay thiét bi phan dng don gidn hon. Tuy nhién, hiéu
sudt thu héi EDC thap hon va mét phan EDC bi mat khi thai xic tdc di. Trong truong
hop nay, thi€t bi phan ting phai dugc gin thém mot cot héi luu dé duy tri lugng ldng
trong thiét bi phan ing, déng thoi dé tach va tudn hoan sdn pham nang. San phdm khi
thu dugc ¢ dinh ¢ot héi luu duge dua di d6t trude khi thai ra méi trudng, san phim
long sau khi ngung tu chita EDC tho duge dua vao thdp on dinh dé tich EDC & ddy
thdp, phan khi nhe duge dua di xir 1y.
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Hinh 7.6. San xudt EDC bdng phuwong phdp clo hod etylen, thu sdn phdm ¢ dang hoi

e San phdm phu:

+ Clopropan, clopropen (khé tach khéi EDC trong qud trinh chung — Phai han
ché€ ham lugng propan va propen trong nguyén liéu dau.

+ 1,1,2-tricloetan va cdc dan xudt clo cao hon — thudng cho thém O, hoic
khong khi vao téc nhan dé tic ché€ phan ting clo hoa thé vao cdc nguyén tit H con lai.

b. Phan wng clo hydrin hod

- La phan ing cong hop clo vdi su c6 mat cita nude theo phan ing:

RCH=CH, + Cl, + H,0 —» R-CHOH-CH,CI + HCl

- Co ché: cong electrophyl:

+ Cly -Cl + + H,0
RCH=CH, RCHICHz — = RCH-CH ,ClI L RCHOH-CH ,C!
Cl — ClI "
- San pham chinh:
+ Etylen clohydrin: HO-CH,-CH,-Cl
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+ Propylen clohydrin: CH;-CHOH-CH,CI
+ Epiclohydrin: Hzc “CH—CH,CI

Etylen clohydrin va propylen clohydrm la céc hop chit trung gian quan trong
dé tng hop etylen oxyt (EO) va propylen oxyt (PO)

c. Hydro halogen hod:
RCH=CH, + HX == RCHX-CH;
- Dic diém: phan dng thuan nghich, toa nhiét manh, & nhiét d6 cao dé tach HX.
- Xic tdc: axit lewis FeCl, hoac AICI,
- Co ché: cdng electrophyl

- Vidu: co ch€ phan dng diéu ché monocloetan
+ HCI + MeCl, . i}
CHp=CHze—— CH3FCHz———~ CH3-CHy+ MeCly — CHy-CH,Cl + MeCl,
H— CI |

- Qud trinh ¢6 thé tién hanh trong pha khi hoic pha léng. Trong pha khi, phan
ting ti€n hanh ¢ 250 + 400°C, 4p suat 0,5 + 1,5 MPa, trong pha léng phan ing tién
hanh & nhiét do 35 + 40°C, 4p sudt < 0,5 MPa. Qu4 trinh thudmg kém theo phéan tng
phy tring hop, dé khac phuc phan ting phu thudng cho du HX hodc tién hanh phéan
ting & nhiét d6 thap.

- San phdm chinh monocloetan, day 1a hop chat trung gian d€ san xuat tetraetyl
chi dung lam phu gia chéng kich né cho xang. Gan day v6i viéc sur dung xang khong
chi, nhu cdu san xuat monocloetan bi gidm ddng ké. So d6 céng nghé Shell san xuat

monocloetan bang phuong phip hydro halogen hod etylen két hgp véi clo hod etan
duoc trinh bay trong hinh 7.7.

Hoi clo, etan da dugc gia nhié¢t trude va khi tnan hodn duge dua vao thigt bi
phan ng clo hod nhi¢t 1am viec & 400 - 500°C. Pé thu duoe do chon loc
monocloetan cao cdn dung lugng etan du. San phdm phin Ung dugc dua qua thap
chung cdt dé tdch monocloetan. Etan chua phan tng, khi tro va san phdm phu HCI
thu duge & dinh thip dugc tron vé6i etylen theo ti Ié etylen/HCI bang 1/1, duge gia
nhiét, nén va dua vao thiét bi phan dng hydroclo ho4 pha khi. Nguyén liéu chua phan
ung duoc tich ra khoi hon hgp sin phdm trong thip chung thit hai. Sin phim
monocloetan dugc ti€p tuc dua sang bo phén tinh ché ti€p theo. Cic phan tng chinh
x4y ra bao goém:

C,H¢ + Cl; —» C,H;Cl + HC
C,H, + HCl - C,H.CI
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Hinh 7.7. Cong nghé Shell sdn xudt monocloetan it etylen va etan

d. Oxy clo hod etylen trong pha khi sdan xudt EDC:

» Phuong trinh phan tng:

C,H, + 2HC! + 1/20, - C,H,Cl; + H,0  AH = =295 kJ/mol

e Xic tac: CuCly/ Al,Os, cdc chit trg xiic téc nhu cdc muéi clo cia kali, kim
loai dat hiém dugc si dung dé tang d6 chon loc clia phan ting, gidm d¢ bay hoi cia
xic tic mudi déng, ting thoi gian sdng cla xdc tac.

o Phan iing toa nhiét xay ra & nhiét do 220 - 350°C, 4p suét: 0,1 - 1,5 MPa. Tai
nhiét do nay tao ra rat nhiéu sdn pham phu nhu: monocloetan, VC, 1,2-dicloetylen,
1.1-dicloetan, 1,1,2-tricloetylen, 1,1,2-tricloetan, cloral (CCl;-CHO), percloetylen,
vinyliden clorua, CQO;...

¢ Co ché phan ung:
+ Qua giai doan tao phitc clia Clo véi etylen, sau d6 phic nay chuyén thanh EDC.

CH,=CH, + 2CuCl, —» Qz -CH, + CuyCl3* = CICH, - CH,Cl + 2CuCl
» +
+ Tai sinh xic tic
2CuCl + %oz — CuO.CuCl,

CuQ.CuCl, + 2HCI — 2Cu(l, + H,0
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* Qua trinh oxy clo hod etylen c6 thé tién hanh véi oxy hoic khong khi, trong
ca hai truong hop, d€ trénh phan dng oxy hod sau hydrocacbon, cé thé ding lugng
etylen du.

* Qud trinh ¢6 the ti€n hanh trong pha 16ng hoac pha khi, tuy nhién hién nay
thudng sir dung qud trinh pha khi. Qu4 trinh pha khi cé thé tién hanh véi thiét bi xic
tdc co dinh hoac xiic tdc tdng soi.

¢ Cong nghe san xuat EDC bang phuong phdp oxy clo hoa véi thiét bi xdc tic
tang s6i duge trinh bay trong hinh 7.9. Qud trinh bao gém cdc bo phan sau day:

(a) Phan dng: Thiét bi phin tng xic tdc tdng s6i dang hinh tru ding lam bing
thép hop kim, dugc ldp 6ng xodn rudt ga dé tch nhiét ciia phin ting tod nhiét. C6 thé
dung chal tai nhi¢t dé trao d6i nhiét hoac nude dé san xust hoi nudc. Trang théi tdng
s0i ¢6 the duge dim bao bing cich suc tic nhan phén ting vao 1dp xtc tic hoac bing
khong khi nén. Uu di€m cha thiét bi xic tdc ting sgi la dam bao nhi¢t do tuong dai
dong déu trong toan thiét bi phan itng, tranh cdc diém qud nhiét cuc bo, diéu kién
phin ifng mém hon (220 + 230°C, dp su4t 0,2 + 0,5 MPa).

(b) Lam lanh va xir Iy khi san phdm: Tai ddu ra clia thiét bi phin tng, ddu
tién khi san phdm dugc dua qua xyclon dé tich bui xic tac, sau dé nhanh chéng duge
lam ngudi xudng khoang 90°C trong thap t6i néng nhér dong nude néng 80°C va dong
nuée lanh 10°C dé tdch HCI. Sau d6é dong san phim duge trung hod véi NH; va [am
lanh trong thdp 161 lanh bang nude lanh 10°C trong moi trudong kiém dé thu héi mot
s& san pham phu nhu cloral.

(¢) Tach khi: San pham khi thu dugc sau thdp t6i lanh vin chita mot luong
ding ké EDC s& dugc lam lanh va dua vio thdp hap thu bang dung moi alkylbenzen.
Khi khong héap thu duoc dua di x{ 1y (trong trudng hop ding tdc nhan khong khi)
hodc mét phan duge nén va tudn hodn lai thiét bj oxyclo hoé (trong trudng hop dung
tdc nhan oxy).

(d) Téach san pham Iéng: Phan doan 1éng thu dugc sau hai thdp t6i néng va
lanh dugc d€ lang, trong méi thdp ling déu hinh thanh hai pha: mot pha hitu co lin
nudce va mot pha nude lan cdc chit hitu co. Pha hitu co giau EDC gom lai, dua vao
thap tach nudc, pha nudc ¢6 1dn EDC dugc dua vio thép thu héi EDC, tach nude thai.

(¢) Tinh ché¢ EDC: EDC tho duge dwa vao thdp tich nuéc bing chung cit ding
phi (EDC tao hén hop dang phi véi nuéc, so6i & 72,3°C, chia 9,2% nude).
3 dinh thdp chung cat déng phi, thu duge nudc 1in EDC, EDC duge lang va héi luu,
nude nhe hon thu duge & 1dp trén duge quay lai thdp tich EDC/nuéc. EDC khan
thu duge & ddy thip duge dua sang thdp chung cat tich sin phdm nhe (dicloetylen,
1,1-dicloetan,..} va sén pham nang (1,1,2-tricloetan, pentacloetan, percloctylen...).
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» Cong ngheé oxyclo hod etylen san xuat EDC trong pha khi véi xiic téc ¢6 dinh
dugc trinh bay trong hinh 7.10. Qud trinh bao gém cédc bo phan sau:

(a) Phan ting: Phan tmg dugc thuc hién trong thi€t bi xic tic &ng chiim, chat
tal nhiét duge tudn hoan bén ngoai 6ng chua xtdc tic dé tdch nhiét phan ing vi dé san
xuat hoi nuéc. Cdc 6ng chita xic tdc phai duge nhéi xic tac rat déng déu dé tranh
hién tuong giam dp, giam t6c d¢ dong chdy va giam thdi gian luu cda chat phan img
doc theo chiéu cao 6ng, do vay sé& trdnh dugc hién tugng qué nhiét cuc bo va tang do
chon loc, thoi gian song cha xic tde. PE gidm hién tuong qud nhiét cuc bé cé thé
thuc hién cdc bién phdp sau:

- Giam thé tich hoat dong clia xiic tic bing cdch tron xiic tac véi mot chit don
tro.

- Tao gradien néng do clia pha hoat dong (CuCl,) trong qui trinh nhéi xic tic
vio dng.

- Han ch€ quad trinh chuyén hod s&u bang cdch dung vai thiét bi phan dng dat
néi ti€p chita xdc téc véi ham lugng pha hoat dong CuCl, tang din, cap khong khi
hodc oxy song song. Di¢u kién phan vng khac nghiét hon so véi qud trinh ding thist
bi phan ng tang soi (230-300°C, 0,3-1,5 MPa), cdn phai chii § dén van dé an mon.

(b) Toi: San phdm khi rdi viing phan ing dugc lam lanh bang nude lanh ¢6 pha
amoniac d€ hdp thy cloral. Phan 16ng dugc tudn hoan v mot phéan dua vao thié bi
ling dé thu héi EDC c6 lan.

(c) Lam lanh b6 sung: Phan doan khf ra khéi thap t6i dugc ti€p tuc 1am lanh,
ngung tu bang cdch dua qua thiét bi trao ddi nhiét, sau d6é dua vao thap tach khi/long.
Phén 1ong dugc trung hoa bang amoniac vA dua vio thiét bj ldng. Pha hitu co chia
nuée va pha nude chita EDC duge dua di xir Iy tuong tu nhu qud trinh ding thiét bi
phan Ung tang s6i dd mo ta trong phén trude. Phin san phdm khi duce 1iép tuc dua di
X 1y,

(d) Xir Iy phan doan khi: San phdm khi ra khéi thdp tich khi/ldng duoc sdy,
sau dé duge chuyén hod etylen chua phén ting bing cdch clo ho. Qud trinh dugce tién
hanh trong dung méi EDC, méi trudng phan ving duge tudn hoan qua bd phan trao
doi nhiét, lam lanh dat ngoai thip dé tich nhiét phan dng. San phim EDC cia qué
trinh clo hod dugc tich ra bang cdch lam lanh téi —25°C bing cic thiét bj trao ddi
nhiét va thiet bi tdch dat néi ti€p. Khi khong ngung duge dét va dua di xir 1y tich
HCI trude khi thai ra méi trudng. EDC duge dwa vao bé phan tinh ché.

Bai v6i trudng hop ding oxy, san phdm khi ra khdi thap tich khi/long duoc
nén va tuin hoan lai thip oxyclo ho4.
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7.3.2. Clo hoa axetylen
7.3.2.1. Céng clo
CH=CH + 2Cl, —» CHCl,-CHC, (tetraclo etan) AH = —422 kJ/mol
- Xuc tic: FeCl; hoa tan trong dung maéi tetracloetan
- Phan tng phu: thé ti€p cdc nguyén td H
- Bac diém: toa nhiét manh, d& gay né béi hén hop C,H, + Cl,, do viy cdn tién

hanh phan ing trong pha long & 70 - 100°C, 4p suat 20 kPa, nhiét phan dng duge
dung dé chung cat tetracloetan.

- San phdm: ting dung dé san xu4t tetracloetan.
7.3.2.2. Hydroclo hod
Day 1a phan d¢ng dién hinh déi v6i C,H,
CH=CH + HCl — CH,=CHCI (VC)
+ Xiic tic HgCl,/C™:
+ Phéan tng ti€n hanh & pha khi.
+ Nhiét d6 100 - 250°C, 4p sudt 0,1 + 0,3 MPa, thdi gian 1i€p xiic 0,1 + 1 giay.

+ Yeéu cdu méi truong phan dng phai khoé dé tranh phéan ing phu hydrat hod
C;H, tao axetaldehit (C,H, + H,O —» CH3;CHO) va tranh tao axit HCl lam m4t hoat
tinh xic tac.

+ Co ché¢: trai qua giai doan tao thanh phitc 7 gilta axetylen va clorua thuy ngan

2+ -
He=cH Y H9T Heszcy *CF {HCECH--CI'} —

H92+ H:g2+

+ - + H+ ! 2+
—= Hg"-CH=CHCl —— CH,=CHCI + Hg
+ San phdm chinh.
- VCM > san xuat PVC
- Clopren: CH,=CCI-CH=CH, (2-clo-1,3-butadien)
Cu,Cly/NH,CI

HCI
2CH=CH ——6-00—- H,C=CH-C=CH — CICH,-CH=C=CH, C_uz.(ﬂ".‘.CHz:CCpCH:c}{z

monovinylaxetylen hay ~ 4-clo-1,2-butadien 60-70°C

But-1-en-3-yne clopren
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7.3.3. Clo hoa hydrocacbon thom
7.3.3.1. Clo hod thé vao nhdn
- Xdc tdc: axit Lewis (AICl,, FeCl,)

- Ca ché: Thé electrophyl qua giai doan tao phitc n (halogen hod xtc tdc ion)

+Cl H
2 8+ d+ [ l—
—— Ci = 1™ FeCl, === Cl +FeCly ==
+ FBC]3
H .
_ - HCl Cl
e Cl + FCCL; O/ + FECl:;

+ Mono-clobenzen, 1,2-diclobenzen va 1,2,4-triclobenzen duge sir dung lam
dung moi, san phdm trung gian dé san xut thudc trir sau, thuée nhuém...

- San pham chinh:

+ Mono-clotoluen (2-, 4-clotoluen), diclotoluen... ding lam dung méi, san
pham trung gian dé sdn xuat thudc nhuém, duge phim...

- Qud trinh ¢6 thé tién hanh trong pha léng hoac pha khi, so dé cong nghé san

xudt clobenzen bang phuong phép clo hod benzen trong pha long duge trinh bay
trong hinh 7.10.

THIETBICLOHOA RUA HAPTHUAXIT TRUNG HOA TACH BENZEN  TACH CLOBENZEN
LANG Benzen
P tudn hodn
Benzen Khi thi NaQ "
F 3 F 3
H,0
e— -— _ .

Qf Qf Q)ﬂ —_ N ——| Clobenzen
Clo L —_ —
khan

- »> - )
Hal SBae’ j j X
| Diclobenzen

H,0
Hinh 7.10. Sdn xudt clobenzen bdng phwong phdp clo hod

Benzen khé duge dua vao thi€t bi phdn tng dang thip sli bot chita xtic tic
FeCl, khan, clo khan dugc suc vao khéi phén ting. Phan ing xay ra & nhiét do 80 +
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100°C, 4p suét khi quyén. D€ tang hiéu suat tao monoclobenzen, can duy tri tf le
benzen/clo thap va tdich nhanh monoclobenzen ra khéi khéi phan tng dé giam su tao
thanh san phdm phu clo hod tao diclobenzen. T4ch nhiét phan ing bang cich cho
moi trudng phan tng tudn hoan qua thiét bi trao ddi nhiét 1am lanh ngoai.

Khi HCI thodt ra trong qué trinh phan ting duge rita bang benzen, sau d6 hap
thu bang nudc dé thu héi axit clohydric. San phdm 1éng duge trung hod véi dung
dich NaOH loiing, san phdm clo hod dugc tach nudc trong thiét bi ling hoac chung
cit. San phdm clo hod sau khi tich nuéc duoc dua sang thap chung cat tich benzen
chua phan tng tudn hoan lai thiét bi phan ting va tach clobenzen khdi diclobenzen vi
cac san phdm niang khac.

7.3.3.2. Clo hod thé' vao mach bén
- Gidng clo hod parafin: co ch€ chudi géc (clo hod nhiét, quang, khoi mao).
- Diac diém
+ Phan ting tod nhiét manh.
+ Nhiét d¢ phan tmg > 100°C d€ tranh phan g cong clo vao nhan va khéng cé

xic tdc cho phan tng clo hod vao nhan (khong c¢6 FeCl, hoac AICl,), do vay can luu
¥ chon vat liéu thigt bi vd nguyén liéu dau khéng ¢ mudi sit hoa tan.

- Phdn dng phu: thé néi ti€p cdc nguyeén tir H con lai, dé thu duge din xudt
monoclo phai cho du Ar.

- San phim chinh
+ Benzyl clorua: C4H;CH,Cl duge dng dung dé san xuat chit hod déo (VD:
benzyl butyl phtalat), san xuét rugu benzylic, sén xudt phenyl axetic axit (t6ng hop

penicilin), san xudt thuéc nhuém, san xuit dibenzyl disunfit (ch4t chéng oxy hod cho
dau nhon).

+ Benzal clorua: CqH;CHCI, dung dé san xuit benzaldehit.
+ Benzo triclorua: CgHsCCl, ding dé san xudt thuéc nhudm, thude trir sau...
7.3.3.3. Cong clo vao nhdn thom
C¢Hg + 3 Cl, » CgH(Cly
- Co ché: chudi goc (thudng 1a clo hod quang).

- Bé tranh phén dng phu clo héa th€ vio nhan trong moi trudng phan ting phai
khong c6 mat xdc tdc clo hod thé vao nhan, do vay cin chi ¥ t6i vat liéu ché tao thiét
bi phan vng.

Cong nghé: gidng clo hod pha 10ng parafin.
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Chuong 8
SAN XUAT CAC MONOME VINYL

8.1. VINYL AXETAT (VA)

VA (49 = 0,935, t,, = ~100,2°C, t,=72,7°C) 12 chit 1éng khong mau, d& chay
& diéu kién thudng. VA cé nhiéu ding dung trong cong nghé téng hop hitu co: Pay 13
nguyeén li¢u ddu dé sén xuat PVA c6 d6 tinh khiét cao, tir PVA c6 thé thu dugc poly
vinyl alcol do phan {ng thuy phan.

Trong cong nghiép, VA dugc san xuit bang hai phvong phap chinh sau:

e Ti axetylen va axit axetic trong pha khi

¢ Tir etylen va axit axetic véi sy ¢6 mat clia oxy trong pha khi. Pay 1a phuong
phép hién dai dugc ding dé sén xust 90% san lugng VA clia My va 60% san lugng
VA ctia Nhat va Tay Au.
8.1.1. Qua trinh san xuit VA tir axetylen

Qua trinh dua trén phan g toa nhiét sau:

CH=CH + CH,;COOH — CH,=CH-0-C0O-CH, AH3%gg = —118 kJ/mol

* Phdn itng pha long:

+ Nhiét dé 60 + 80°C

+ Ap sudt thap (0,1 + 0,2).10° Pa

+ XUc tdc ¢6 hoat tinh cao: mudi Hg & dang huyén phil trong axit (thudng dung
axit axetic) 1 + 5% khoi lugng.

+ D& tranh sy tao thanh etyliden diaxetat, ti€n hanh phan dng & nhiét do thap
va giam thoi gian lue ciia C,H, trong pha léng chia xiic tic

+ Trong trudng hop nay can phai sit dung chét tc ch€ tring hop nhu HF, BF,.

* Phdn ting pha khi:

Hay dugc sit dung hon duge phét trién bdi hing Wacker (1930). Cho dén 1an
nam 1960, tat ca cdc so d6 san xust VA trén the gidi vin ding phuong phép nay.

+ Nhiét d6 phan dng 180 + 210°C

+ Ap suat khi quyén

+ Du axetylen, C;H,/CH,COOH =2 + 5.
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+ Xic tac mudi kim loai/chdt mang: axetat (Hg, Bi, Zn hoac Cd)/C". Phan ing
bao gom ba budc sau day:

- Hoat hod axetat k&m bang than hoat tinh véi sy tao thanh phic

- Hap phu hoa hoc axetylen lén xiic tdc vdi su chuyén hod phiic

- Phan ing ciia axit axetic véi axetylen hap phu.

Xdc tic ¢6 thé bi ngd doc vinh vién bdi céc cdu ti nhu: AsH,, PH,, H,S... hoic
ngé doc tam thdi bdi mudi, polyme hodc c8c. Do vay nguyén liéu ddu axetylen phai
dugce lam sach.

+ San phdm phuy: axetaldehit, axeton, crotonaldehit (CH,-CH=CH-CHO),
etyliden diaxetat [CH,;-CH(OCOCH,),], anhydric axetic, acrolein (CH,=CH-CHOQ),
propionaldehit (C,H;CHO), metyl vinyl keton va cdc hydrocacbon khéng no nhu:
mono-, divinylaxetylen (CH,=CH-C=CH/ CH,=CH-C=C-CH=CH,), metylaxelylen
(CH,-C=CH)...

+ So dé céng nghé san xust VA tir C,H, duge trinh bay trong hinh 8.1.

Nguyén liéu dau axetylen va axit axetic dugc dua vao thiét bi béc hoi lam viéc
@ dp suét 0,13 MPa va nhiét d6 80°C. Ti le C,H,/CH;COOH c6 thé thay ddi bing
céch thay d6i nhiét d6 clia thap béc hoi. Sau dé hén hop nguyeén licu ddu duoe gia
nhiét 1én t5i 170 + 190°C bang cach trao d6i nhiét véi dong khi san phdm va hoi
nudc va dugc dua vao thi€t bi phan tng xdc tdc ¢6 dinh hoac xiic tic tdng s6i. Trong
thi€t bi phan 6ng chiim, xic tic chia 20 + 30% axetat k&m tdm 1én than hoat tinh
duge nhéi vao cdc 6ng ¢ dudng kinh 5 cm va chiéu cao 3,5 + 4 m, ding chat tai
nhiét chay ngodi 6ng dé tich nhiét phan Ung va duy tri nhiét d6 phan Ging & 200°C.
Trong thi¢t bi phan ng xic tdc tdng soi, nhiét do phan tng duge diéu khién bing
cach dat 6ng xoén rudt ga 1am lanh vao trong khai xdc tdc.

Khi sin pham sau khi rdi thiét bi phan ting duoc 1am lanh va bing céch trao déi
nhi¢t vOi nguyén liéu dau, sau dé duge ngung tu mot phin bing céach rira véi dong
axit axetic lanh. Khi khéng ngung chita axetylen phin 16n dugc tuin hoan lai thi€t bj

phan 1ing, mét phdn duge thai dé trdnh tich tu khi tro. San phdm 10ng duge dua sang
bo phan tinh ché.

Sin phim nhe nhu axetaldehit, axeton, propionaldehit, acrolein dugc tich ra
trong thdp chung cét san phdm thit nhét (35 dia), c6 thé ding mot théap chung cat bd
xung dé tiép tuc tdch axetaldehit ra khdi cdc san phdm nhe niy. VA tinh khiét duge
tach ra trong thdp chung thit hai (50 + 60 dia). Divinylaxetylen va crotonaldehit dugc
tach trong thdp chung thit ba (thdp dém). Axit axetic chua phan tng duoc tich ra
khoi cdc san phdm phu ndng khéc trong thap thit tr (30 dia) va dugc tudn hoan.
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D¢ tranh phan ung phu tring hop trong qua trinh chung ¢t can cho thém cdc
chat Gc che polime hod nhu hydroquinon, diphenylamin... Thiét bi phan img dugc
lam bing thép hgp kim cao (Cr: 15 + 20%, Ni: 10 = 15%)

Hién nay cdc quy trinh san xudt dya trén axetylen din ddn duoc thay thé bdi
etylen do mét s6 nguyén nhén sau:

- Do dung axetylen khong an toan (do dé tao hén hgp n6 véi oxy va khéng
khi), vt vay khong thé dua qud trinh 1én qui mé 1én duge.

- Etylen an toan hon va ré hon va sdn c¢é hon.

8.1.2. Qua trinh san xuét VA tir etylen

Quad trinh san xuat VA tir etylen duge sit dung rong rii trong cong nghiép dé
san xuat vinyl axetat, dua trén phéan dng sau tod nhiét sau:

0 0
2 7

CH3~C_  + CH,=CH, + 1120y —» CHy—C + H,O
\)H Oo— CH=CH2

AH%, = —180 kl/mol
Qua trinh oxy hod etylen véi su ¢ mit clia axit axetic san xuidt VA c6 thé thuc
hién trong pha khi hoac trong pha long. Trong ca 2 trudng hop xic tdc sir dung déu
dua trén co sd Pd (phitc cia Pd véi clo hodc kim loai Pd/chit mang). Tuy nhién, gin
day do van dé an mon, phan (ing pha léng di duge thay thé bdi phan tng pha khi.
8.1.2.1. Phdn ung pha long
e Phan ting chinh:

//O //O
CH,=CH, + c}13—c\ +PdCly, —= CH3—C\ +Pd + 2HCI
OH Oo— CH=CH2

Pd + 2 CuCl, — PdCl, + 2 CuCl
2CuCl + 1/2 0, + 2 HCI = 2CuCl, + H,0
Trong qud trinh nay kim loai Pd bi oxy hod lai bdi CuCl,, sau dé CuCl, sé& duoc
hoan trd lai do tdc dung véi O,. Vi vy chi cdn dung mét luong nhé Pd cho qui trinh
chuyén hod etylen.

¢ Xlc tac cho qud trinh:

Xdc tic ¢6 chita mudi dong véi vai trd 1a hé oxy hod-khir. Thanh phin xiic tde
nhu sau: Pd** = 3.10*M (0,03 g/1), Cu** = 0,08 M (5 g/l). Nong do Cl° dit dé cho Pd
0 dang hoa tan. Thi€t bi phai lam bing titan d€ tranh an mon (do lam viéc trong moi
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trudng axit c¢é Cl'). Trong thanh phén hén hgp phan ting ¢4 thé thém axetat natri dé
tang vin toc tao thanh vinyl axetat.

Luong H,0 1a mét thong 36 quan trong can duge diéu khién, Luong nuéc phai
vita i dé tan Pd. Néu lugng nudc 16n cé thé tao thanh san pham phu axetaldehit do
phan ung cna etylen voi nudc hodc do phan ting thuy phan VA.

CH,=CH, + H,O + Pd(Cl, - CH;CHO + Pd + HCL

H,0 \
CH;COOCH=CH, —=—» CH,=CHOH khong bén — CH,CHO

Thoi gian luu trong thiét bi phan Gng dai va nhiét d6 cao cling tao diéu kién
thuin loi cho su tao thanh san phim phu axetaldehit. Cdc sdn pham phu khic bao
gom: etyliden diaxetat (CH;CH(O,CCH,),), CO,, dan xuit clo...

s Co ché phan Gng:

Dién ra nhd su tao thanh phitc 7 cia olefin, sau d6 1a sy tdn ¢éng cua tdc nhin
electrofin vao phitc va qud trinh sap x&p lai phitc = thanh phitc o, va cudi ciing la
phan huy phitc dé tao thanh san phdm. Quad trinh phan (dng dién ra theo cdc giai doan
sau day.

ar O

,. oH i
Cl— Pd*—CI + || ? —— CI'— pd* — +Cl
a’ CH, a’ CH,

_8>c-cm

Cr ,

T|:H2 /0 Cr— pai |(|:H2
Cl— Pd* — + CHcl — —CI— Pd™ — +CI ()
a” CH, "No cr” CH,

_8$C-CH3 .
Cr— Pd* —|| — c17 Pd —CH,-CH,-O-C-CH, (2)
a” CH, cr l

CH,=CH-O-CO-CH, + Pd + H*+ 2CI"

s Cong nghé

Gidng cong nghé Hoechst/Wacker san xudt axetaldehit (oxy hod etylen bang
oxy). Etylen, oxy va axit axetic dugc dua dong thdi vao thiap phin ting sui bot ¢
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chira mudi dong va Pd. Phan tng dién ra & nhiét do 100 + 130°C, 4p suéit 3 MPa (muc
dich d€ tang mic d6 hoa tan khi vao pha 16ng). So dé cong nghé san xuat VA tir
etylen trong pha 1ong dugc trinh bay trong hinh 8.2.

Khi duge thudng xuyén tudn hoan véi van t6c 16n qua thap phan tng dé duy tri
hi¢u qua ti€p xtc v6i chat 1ong. Dong sin pham di ra tir phia trén 15 phan tng chita
nhi€u vinyl axetat, axetaldehit, axit axetic chua phan tng, nudc va nhing céu tir
khdc. dugc di qua bo phan tinh ch&. Axit axetic duge dua tudn hoan lai thiét bi phan
ing. Sau khi qua thi€t bi tdch axetaldehit, sin phdm dugc dua vao thiét bi tich nudc
va dugc dua vio thi€t bi chung cdt vinylaxetat dé thu dugc VA.

Axetaldehit sau khi dugc tach ra tir thi€t bi tich duge dua vao thiét bi hap thu
axetaldehit d€ tich nét phan tap chat nhe, réi duge dua vao thi€t bj chung cat dé tach
nudc va thu duge axetaldehit.

¢ Uu diém cla qud trinh pha ldng:

+ D& diéu khién phan ung toa nhiét

+ Thu dugc axetaldehit nhu mot san pham phu cha qué trinh. Axetaldehit ¢6
thé duge oxy hod thanh axit axetic. Nhu viy axit axetic ¢é thé dugc sin xudt i
etylen.

+ Thi€t bi thdp shi bot uu vigt hon thiét bi 16p xic tdc ¢d dinh vi lam giam duge
lrong xic téc. ‘

» Nhugc diém cha qué trinh pha 16ng: &n mon va hiéu suit VA theo etylen thap.
8.1.2.2, Qud trinh pha khi

Cong nghé san xudt VA tir etylen trong pha kl}f duge phdt trién vdo nhitng nam
1960, nha mdy san xudt VA ddu tién theo phuong phitp nay duge xay dung vao nam
1968, ké tir d6 dén nay hdu hét cdc nha mdy san xuit VA déu ing dung phuong phédp
nay.

Qud trinh tién hanh & nhiét do 175 + 200°C, dp sudt P = 0,5 + 1 MPa véi xiic
téc I - 3% Pd/chat mang cé bd sung axetat kim loai kiém 0,5 + 5% dé tang hoat tinh
xuc tic. Chat mang c6 vai trd tang d6 hoat dong va do chon lua cha xic téc. Trong
qud trinh phdn ting axetat kim loai kiém ddn ddn bi tdch khdi xidc tdc, vi vay cdn
duoc lién tuc bé sung.

Dé trinh mat mdt etylen theo khi thai, thudng sit dung oxy thay cho khong khi,
tuy nhién ham lugng oxy cung cap phai dam bao cho hén hgp phin tng khong nim
trong gidi han chdy né (nghia la nhd hon 8 + 9% mol oxy). Thanh phéan hdn hop khi
phan tng tinh theo % thé tich: 50% etylen, 15% axit axetic, 6% oxy va 29% khi tro.
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Su ¢6 mét cua nude (trong thanh phén axit axetic tudn hoan) thudng lam giam
hoat tinh clia xtic tdc va tao san pham phu axetaldehit, do vay cin loai bd nude khoi
dong axit axetic tuan hoan,

So d6 cong nghé san xudt VA tir etylen trong pha khi ctia Bayer/Hoechst va
USI Chemicals dugce trinh bay trong hinh 8.3.

Quad trinh dugc tién hanh trong thiét bi phan dng 6ng chim. Nguyén liéu ddu
axit axetic, etylen da dwgc gia nhiét trudc cling cic dong tudn hoan duge dua vio
thap boc hoi lam vigc tai 140°C, IMPa. Sau d6 hén hop etylen, axit axetic duge gia
nhiet dén 160°C bang cdch dua qua thiét bi trao déi nhiét va tron v&i oxy vdi ti 1é
thich hgp, r6i dugc dua vao thiét bi phan dng. Nhiét phan tng duge tich nhi dong
chat 1ai nhiét lanh chay tudn hoan bén ngoai 6ng phén ing va duoce dung dé sin xuat
hot nude dp suat thap.

San phdm khi rdi ving phan dng c6 nhiét do khoang 160°C, 4p sudt 0,7 MPa
duge lam lanh xudng 130°C bang cdch trao déi nhiét véi dong etylen tudn hoan vi
mot phan duge ngung tu bing cdch 1am lanh bd sung. Sau d6 dugc hip thu bing axit
axetic va ra bang nudéc dé€ thu hoi san phdm VA tao thanh vi axit axetic chua phan
tng. Phan khi khong hap thu chita chi yéu 1a etylen chua phan ng va CO,, mot phén
duge thai dé trdnh tich tu khi trg, con phan 16n duoc nén, tich CO, bing hap thu hoi
hoc vdi cacbonat kali. Dung moi hap thu duoc tdi sinh trong thdp nha hap thu, etylen
dugc tuan hoan lai thiét bi phan iing.

Dung dich VA va axit axetic dua sang b phan xir [y, 1am sach. Tai thdp chung
dau tién (60 dia) axit axetic 97 + 99% dugc tdch ra & san phdm ddy va duge tudn
hoan. San phidm dinh sau khi duge ngung ty, ling dugc dua t6i 2 thip tiép theo dé
tdch VA ra khoi nudc va tich nudc ra khéi VA. Quad trinh phén tich pha xay ra trong
thiét bi 1ang. Pha nudc chita VA duge dua vao thdp chung tich VA ra khéi nuée. Pha
hitu co chita nudc duge dua vio thdp tich nude ra khdi VA. Sian phdm ddy cla thiét
bi taich nu6c ra khoi VA chita VA tho khan duge dua sang thdp tich san phdm nhe
metylaxetat va axetaldehit (25 dia) va thdp tdch sdn phdm nang etylaxetat (100-120
dia) dé thu dugc VA thuong phdm.

Cong doan thu héi va tinh ch€ VA cdn duge cho thém chat dc ché trung hop,
thuong & dang khi (nhut hén hgp O, va CO,). Thiét bi phan ng duge ché tao bing
thép hgp kim cao (Cr/Ni = 18/8).

Qud trinh pha khi trinh dugc van dé dan mon clia qué trinh pha I6ng va cho higu
sudt vinyl axetat cao hon (94% theo etylen hoac 98 + 99% theo axit axetic).
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8.1.3. Cac qua trinh san xuit VA Khac
e Sdn xudt VA tir axetaldehit va axetic anhydrit & nhiét do trén 300°C

Axetaldehit tic dung véi axetic anhydrit véi sy ¢é mat clia xiic tdc axit dé hinh
thanh etyliden diaxetat, sau dé hop chat nay bi phan huy tao thanh VA va axit axetic.

CH,CHO + (CH;C0),0 -» CH;CH(OCOCH,),
CH;CH(OCOCH,), > CH,=CH-OCOCH, + CH,COOH

Nha mdy sdn xuat VA nang sudt 20.000t/nam dua trén coéng nghé nay duge xay
dung & Pampa, Texas hién nay da bi déng cira.
* San xudt VA bdng phdn ing cacbonyl hod metyl axetat

Cong nghé dua trén viéc sit dung khi tdng hop d€ san xudt metanol, metyl
axetat va axetic anhydrit, k€t hop véi san xudt etyliden diaxetat, sau dé phan huy
thanh VA va axit axetic. Phan tmg téng cong nhu sau:

4CO + 5H, = CH,=CH-0-CO-CH, + 2H,0
Giai doan cacbonyl hod metylaxetat 1a giai doan quan trong nhat.
CH,;COOCH; + CO — (CH,-CO),0
(CH,-CO),0 + CH,COOCH; + CO + H, » CH;-CH(O-CO-QH;)E + CH,COOH

Phan tng xay ra trong pha 1ong & nhiét d6 130 - 160°C, 4p suét 4 - 7 MPa, véi
sy c6 mat cla xic téc phiic dua trén co s& Pd hodc Rh, metyl iotdua vd mot chat khoi
mao amin hoac phosphin. Axetic anhydrit dugc tao thanh nhir mot hop chat trung
gian. C6 thé chuyén hoa tryc ti€p thanh etyliden diaxetat bang cdch ting ti 1&¢ CO
trong kh{ téng hop.

o Sdn xudt VA bdng phuong phdp nhiét phan etylen glycol diaxetat
Qua trinh thyc hién & 500 - 550°C theo phan (ng sau:
CH,-CO-0-CH,~CH,-0-CO-CH, - CH,=CH-0-C0-CH, + CH,COOH

Etylen glycol diaxetat dugc diéu ché€ bing phan ing axetoxyl hod etylen &
400°C va 3 MPa v6i su ¢6 mat ciia oxy va xiic tc telu (Te) va brom (Br,).

3CH,=CH, + 5CH;COOH -> 2 CH;-CO-0-CH,-CH,-0-CO-CH,
+ HO-CH,-CH,-0-CO-CHj, + 2H,0

8.2. VINYL CLORUA (VQO)

VC (dy’ = 09834, 1, = ~153,8°C, t, = —13,4°C) I4 chat khi khong mau & diéu
kién tieu chudn, dugc sir dung chii y&u & dang 1dng dé san xuat PVC, mot chit déo
quan trong dugc st dung rong rdi trong cong nghiép va trong dai séng.
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Cdc qud trinh chinh trong cong nghiép dé san xuit VC bao gém:

e Cong HCI vio axetylen (bit ddu tur 1930).

¢ Cong Cl, vao etylen, sau d6 cracking EDC d€ tao thanh VC va HCl (dwogc
phit trién vao nhitng nam 1950). ‘

e Két hop sit dung etylen va axetylen trong so d6 lién hgp dé€ trdnh su tao
thanh san pham phu HCI .

¢ Oxyclo hod etylen (tir 1955), ¢6 thé lién hop véi qué trinh clo hoda.
8.2.1. San xuat VC tir axetylen

Xay ra theo phan ing hvdroclo hod axetylen:

C,H, + HCl —» CH,=CHCI AH = -100 kJ/mol

Trong cong nghiép qua trinh thudng duge ti€n hanh trong pha khi, véi xic tic
HgCl,/C* (hoac graphit, silicat...), nhiét d6 100 + 170°C, 4p sudt 0,3.10° Pa. San
phdm phu clia qua trinh thudng 13 axetaldehit tao thanh do phan ung cla axetylen véi
vét nudc cf trong nguyén liéu va 1,I-dicloetan theo phéan ting sau:

CH,=CHCI + HCl - CH;-CHCl,

So d6 cong nghé cia qua trinh san xudt VC bing phuong phap hydroclo hod
axetylen dugce trinh bay trong hinh 8.4. Qud trinh bao gém ba b¢ phéan chinh sau:

{(a) Chudn bi nguyén liéu: axetylen duge sdy, sau dé tron véi HCI va khi tudn
hoan.

(b) Phan tng: Hén hop khi thu dugce tir thiét bi tron duge dua vao cac thiét bi
phan ing ong chum dat song song véi nhau. Méi thi€t bi ¢é dudng kinh 2 m, chiéu
cao 4 m chira tir 1500 - 2000 éng xuc tdc. Nhiét phan @ng duge tich va diéu khién
bang cdch tudn hoan chat tai nhiét lanh bén ngoai 6ng phéan tng, qua thiét bj trao déi
nhiét dat bén ngoai.

(c) X 1y khi san phdm: Kh{ sin phdm rdi viing phan ing duge rira voi nude va
NaOH dé tach HCI du, sau d6 dugc nén t6i 0,7 MPa va lam lanh bing nudc, phan [6n
s& duge ngung tu. Nudc duge tich ra trong thiét bi lang va thiét bi chung cit tdch
nude. San pham VC duge tinh ché trong thdp chung cét nhiét do thap & 0,4 - 0,5
MPa. Khi thu héi tir thi€t bi lang chita chll y&u 1a axetylen dugc lam sach bang hap
thu, tadch va tuén hoan lai thiét bi phan Ung.
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8.2.2. San xuit VC bang phuong phap cracking EDC
Qua trinh dugc ti€n hanh dya trén phan ¢ng phan huy thu nhiét sau;
CH,Cl-CH,Cl - CH,=CHCI + HCl AH%5e = +70 kJ/mol

Phan tng bat ddu xdy ra & 300°C, 4p sudt khi quyén, nhung phan tng dat duoc
t6¢ do cao ¢ 400 + 550°C. Phdn ng xay ra theo co ché gdc nhu sau:

(a) Khoi mao: CICH,-CH,C! — CICH,-"CH, + C1*
(b) Phit tri€n mach: ClI” + CICH,-CH,Cl — CICH,-"CHCI + HCl
CICH,-"CHCl - CH,=CHClI + I’
(c) Dift mach: CI" + CICH,-"CH, » CH,=CHCl + HCl
Qué trinh ta0 nhiéu san phdm phu: 12 cdc sén phdm ciia qua trinh polyclo hod,
san phdm cha qué trinh phan huy, céc... do vay cin sir dung cdc chat xidc tién nhu

clo, brom, iot, tetraclocacbon, hoac oxy dé tao thuan lgi cho phan ting chuyén hod
chinh.

Cic qué trinh trong cong nghiép dugc tién hanh & 500 + 550°C, 4p sudt 2,5 + 3 MPa,
khéng sir dung xiic tic. Mot s6 hé xic tdc (than hoat tinh, musi clo kim loai ...) ¢é
thé duge sir dung dé gidm nhiét d6 phan ting, tuy nhién thai gian séng cia xic tic
thdp va cdc kh6 khan vé mat cong nghé 1am cho cdc qu4 trinh cracking EDC c¢é xi¢
tic khong duge img dung trong cong nghiép.

So d6 cong nghé san xudt VC bing phuong phdp cracking EDC duoc trinh bay
trong hinh 8.5.

Dicloetan duge boc hoi vi gia nhigt dén 215°C, sau d6 duge dua vao thiét b
phan tmg 16 dng (1am viéc theo nguyén tic twong tu qué trinh steam cracking). Tai
ving d6i luu, nguyén liéu duge gia nhiét t6i nhiét d¢ phén tng, phin g thuc sy xdy
ra trong viing buc xa. Sin phdm khi thu duoc & déu ra cia thiét bi 15 6ng cé nhiét do
500°C dugc t6i d€ trdnh cdc phan img phu xAy ra néi ti€p bing cich dva qua thap t6i
1i€p xtic v6i dong san phdm da duge 1am lanh xudng 50°C chiy nguge chiéu. Khi sin
phdm s& dugc lam lanh xudng 200°C. Qué trinh lam lanh bé sung ti€p theo s& lam
ngung ty hdu hé€t nguyén liu EDC chua phan tng, mot phan s& duge ding lam chat
tai nhiét trong thdp toi.

Phén con lai ciing v&i khi khong ngung sé dugc dua vao cdc thdp chung cat
dugc thi€t k€ dé thyc hien c4c nhiém vy sau:

(a) Tach san phdm phu HCI & dang khi (thdp 20 dia)
(b) San xudt VC tho (thdp 60 dia)
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(c) Tinh che¢ VC (15 dia) dé giam ham luong HC tix 500 xudng 10 ppm vi
trung trung hoa san phim véi NaOH.

(d) Thu hét EDC chua phén ng tir phan doan nang cda qua trinh san xuit VC
tho, tudin hoan lai thiét bi phan iing. Qud trinh nay bao gém cdc thiét bi sau:

- Téch phan doan nhe (70 + 75 dia)

- Tach phan doan ning trong 2 thép; phén 16n EDC thu duoc trong thdap tha
nhét 1am viée & dp suat khi quyén (20 + 25 dia), phdn EDC con lai trong san phim
nang dugc thu & thdp thit hai lam viée trong chan khéng (70 kPa, 25 dia).

8.2.3. San xuat VC bang cic qua trinh lién hop

8.2.3.1. Lién hop clo hod etylen, tdch HCI va hydroclo hod C,H,

* Qua trinh dua trén cdc phan ing sau:

C,H, + Cl, - CH,CI-CH,Cl (1)
CH,C1-CH,Cl —» CH,=CHCI + HCl (2)

HCI1 tir phdn \ing (2) ¢6 thé dugc ding cho phan ting hydroclo ho4 axetylen;
C,H, + HCl - CH,=CHCQI (3}

Phan ting tong cong: C,H, + C;H, + Cl, —» 2 CH,=CHCl
* So dd qua trinh

- Véi nguon nguyén liéu ddu 12 hén hop cla axetylen va etylen vdi ti 1¢ mol

I1:1.
HA™ 56 EDC \
Hén hop Y +
axetilen va etylen —»} Hydroclo hod ~»| Clo hod P& Cracking +—»

Tédch VC—» VC

- V&i ngudn nguyén liéu ddu la axetylen va etylen véi ti 16 mol 1:1.

Clo

b 4

Etylen — Clo hod |—— EDC —>{ Cracking

1
HCl

4

Téach VC —>»VC

y

A 4

Hydroclo hod

Axetylen
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8.2.3.2. Lién hop clo hod, oxy clo hod etylen va cracking EDC

* Quad trinh dua trén cdc phan tng sau:

C,H, + Cl, - CH,Cl-CH,Cl (H
2CH,CI1-CH,Cl — 2CH,=CHCI + 2HCI 2)
C,H+2HCI + 1/20, — CH,CI-CH,Cl + H,0 3)

Phan iing t6ng cong:
2C2H4 + C12 + 1/20’2 —> 2CH23CHC1 + Hzo

* Uu diém clia qud trinh: tiéu t6n it nang luong (do tan dung dugc nhiét cia céc
phan iing tod nhiét), sir dung duge HCI tao thanh va khéng dung C,H, do vay chi phi
ré hon.

* So d6 qud trinh

Clo ——» Clo hoa —— EDC » Cracking
A
Etylen ———»

b b

Oxi — Oxiclo hod — EDC ¢——— Téch VC [—>VC

A

HCl

8.3. ACRYLAT

Acrylat 12 este clia axit acrylic duge st dung dé san xudt céc polyme va
copolyme. Céc este phan tir lugng thdp duge san xuét bing phuong phdp téng hop
tryc tiép, con cdc este phan tir lugng cao thudng dugc sin xust bing phuong phédp
chuyén hod este (1rans este hod) véi metyl acryiat. Tinh chat vat 1y cia mot sd este
phan tlr lwgng thap dugc trinh bay trong bang 8.1.

Bdng 8.1. Tinh chdt vat Iy ciia mét s6 acrylat

Este t, (101 kPa), °C t, d, 2
Metyl acrylat 80 80°C - tai 101 kPa 0,9535
Etyl acrylat 99,4 43°C - tai 13,7 kPa 0,9234
n-Butyl acrylat 147,4 35°C-tai 1,1 kPa 0,8998
Isobutyl acrylat 138 62°C - tai 6,7 kPa 0,8896
2-Etylhexyl acrylat 216 85°C - tai 1,07 kPa 0,8852
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Cac phuong phdp chinh dé san xuat acrylat phan tir lugng thap bao gdm:
= Este hoa axit acrylic

* Thuy phan va este hod etylen cyanohydrin

» Téng hgp Reppe sit dung axetylen, CO v rugu

» Ngung tu gilta keten va formaldehit

* Thuy phan acrylonitril v este hod san phdm tao thanh.

8.3.1. San xuit acrylat bang phuong phép este hoa axit acrylic

Qua trinh xay ra theo phan tng thu nhiét sau:
CH,=CH-COOQOH + CH;CH,0H - CH,=CH-COO0O-CH,-CH; + H,0
. AH,4¢" = + 35 kJ/mol
Trong cong nghiép qué trinh dugce tién hanh trong pha 10ng, tai nhiét do trung
binh (50 + 80°C) va dp suat thdp (20 + 100 kPa) vdi sy c6 mit cha axit (thudng sir
dung axit sunfuric hoac nhua trao déi ion). So d6 cong nghé san xuat acrylat bang
phuong phdp este hoa axit acrylic dugc trinh bay trong hinh 8.6.

Phéan dng este hod duge thyc hién trong thap este hod ¢6 chira 30 dia. Hén hgp
acrylat/rugu/nude chira moét lugng nhd axit acrylic thu duge & dinh thdp, san phdm
ddy gidu axit sunfuric va san pham nang duge trung hoa bing NaOH. Luong rugu
chua phan iing trong san phdm ddy dugc thu héi biing c4ch chung cat & 110 - 120°C,
dp sudt thap (40 + 120 kPa) va tudn hoan lai théip este ho4.

San phdm nhe duge trich ly tich rugu bing cdch ria véi nude, néu can thiét cé
thé pha thém NaOH d¢é trung hoa vét clia axit acrylic. Qud trinh trich ly dugc tién
hanh bang phuong phdp nguge dong trong thdp tiép xiic dia quay.

Este dugc thu hoi trong pha raffinat & dinh thdp dugc téch nuéc trong thip
chung cat dang phi (20 dia, nhiét do dinh thdp 50 + 80°C phu thudc vao loai este, ap
sudt 20 - 100 kPa). Pha hitu co thu duoc & 16p trén cha thiét bi lang dugc ding dé€ hét
luu, pha nuée & 16p dudi duge tuin hoan lai thiét bi trich ly. Sn pham ddy dugc dua
sang thiét bi tinh ché este (20 dia, nhiét do dinh thip 40 + 100°C, 4p suét 15 + 100 kPa)
dé thu duoc acrylat v6i do tinh khiét 98,5 + 99%. San phdm déy c6 thé duoc tiép tuc
tinh ch€ dé thu hoi lugng acrylat con 1an. Céc thi€t bi chung déu cho thém chat ic
ché hydroquinon & dong héi luu va nhiét do ddy thdp trung binh (t6i da 100 + 110°C).

Pha chiét thu dugc  ddy thdp trich ly dia quay duge dua sang thdp ching cit tich
hén hop dang phi acrylat/rugu/nude & dinh tudn hoan lai thap trich ly (dac biét trong
truong hgp ding rugu butanol), hén hop nude/rugu thu duge & ddy théap tiép tuc duge
dua di tich nuéc bang chung cét dang phi, rugu dugc tudn hoan lai thiét bi este hod.
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8.3.2. San xuat acrylat tir etylen cyanohydrin

Cyanohydrin thu dugc tir etylen oxyt theo phan ing sau:

CHZ_CH2 + HCN—> HO-CHz-CHz—CN
S
O

Phan ing xdy ra & nhiét d6 55 + 65°C, v6i sy ¢6 mit clia xic tdc kiém Ja dung
dich nudc cia NaOH va dietylamin. San phdm th6 dugc lam sach bing chung cat
chan khoéng.

Sau d6 la phan ing thuy phan va este hod v6i su ¢6 mat cita axit sunfuric va

rugu nhir sau:

H,50, ROH
HO-CHZ'CHz-CN_——* CH2=CH-CO-NH2.H2804 — CH2=CH-CO'OR + NH4HSO4

Hai phan ng nay dugc dién ra dong thoi trong pha 16ng, tai ap sut khi quyén,
¢ nhiét do khoang 150°C, véi ti 1¢& mol cyanohydrin/rugu/axit 1a 1/2/2. Sau khi san
phdm dugc lam lanh va rlia véi nude néng, rugu chua phan Gng duoc thu hdi va tudn
hoan. Cic cau tir khac duge lam sach va tinh ch& bang chung cat. Ham luong acrylat
thu duge 1én t61 80% so véi cyanohydrin.

8.3.3. San xuit acrylat tir axetylen
Acrylat thu duge bang phan tng cong hop clia CO va ruou vao axetylen theo
ki€u phan ung t8ng hop Reppe véi xic tic cacbonyl niken.
* Phan ing tdng hop Reppe
Phan dng xay ra theo co ch& chudi gdc, tu xic téc, nhanh ngay & nhiét do thip
25 - 70°C va 4p suat khi quyén. Phin dng téng cong nhu sau:
Ni(CO), + 4CH=CH + 4ROH + 2HCI —» 4CH,=CH-COOR + NiCl, +H,

Day 13 phan ing tod nhiét manh, véi AH,e," = =250 kJ/mol acrylat. Hydro tao
thanh nhanh chéng tham gia phan ting phu tao thanh propionat va metanol... do vay
khong ¢6 mat trong san phdm phan tng.

= Cong nghé sdn xudt acrylat tir axetylen cia BASF dugc trinh bay trong hinh
8.7.

Qud trinh tién hanh trong di€u kién nhiét d6 v 4p suit cao: nhiét do 150 =
290°C (trung binh 225°C), 4p suat 3 - 20 MPa (thudng & 10 MPa) dé duy tri moéi
trudong phan tng 12 dung moi tetrahydrofuran (THF) trong pha 16ng. Phan ting téng
quat c6 thé viét nhu sau:

CH=CH + CO + ROH — CH,=CH-COOR  AH," = —250 kJ/mol acrylat
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Trong cong nghiép qud trinh tién hanh theo 2 giai doan: sidn xuat axit axit
acrylic va este hod thanh acrylat. So d6 cong nghe cia giai doan san xuat axit acrylic
bao gom cdc bo phan chinh sau day:

(a) Diéu ché xiic tdc tir mudi niken va déng bromua (hoac clorua) va THF tin
hoan trong thiét bi ¢6 khudy.

(b) Hoa tan axetylen vao dung méi tetrahydrofuran va nén -

(c) Phan ing: cho CO da duge nén trude va dung dich axetylen di tron vai xtc
tdc vao thi€t bi phan ting 6ng chiim, véi chét tai nhiét chay ngoai dng dé san xudt hoi
nude dp suat thip. Axetylen hdu nhu duge chuyén hod hoan toan.

(d) Téch khi trong thiét bi tich khi/long va thu héi axit acrylic bi cuén theo
bang cdch ria v6i THF.

(e) Xir Iy phan doan long (chita 18% trong lugng axit acrylic trong dung moéi
THF) bao gém cédc cong doan sau: tich CO va rilra nuée trude khi tudn hoan, chung
cat chan khong dung mét, trich ly axit acrylic b&i dung méi metyl etyl keton (MEK),
thu héi dung moi trich ly MEK va tinh ch€ axit acrylic bing chung cét chan khong
vOi sy c6 mit cua chat uc ché polyme hod (hydroquinon)

Nha mdy BASF sin xudt axit acrylic theo cong nghé dua trén qud trinh téng
hop Reppe nay duge xay dung & Freeport, Texas da duge nging hoat dong nam
1982, dé thay thé bing cong nghé oxy hoa propylen clia Nippon Shokubai. Nha mdy
Ludwigshafen van dang hoat déng.

8.3.4. San xuat acrylat tir keten va formaldehit

Phuong phdp nay hién nay khong con dugc sir dur.g dé san xuét acrylat va axit
acrylic. Qud trinh dua frén phan ng chinh sau day:

CHy=C=0 + HCHO — Hz(lj—?Hz AH,06" = - 190 kJ/mol
0—C=0
oxetan-2-one
HZC—(le2 + ROH ——» CH,=CH,-COOR + H,0 AH,04" = - 45 kJ/mol
(lJ—C-’O (etyl acrylat)
8.3.5. San xuit acrylat tir acrylonitril
Qu4 trinh lién quan téi phan iing oxy hod khong tryc ti€p propylen, dugce Sohio
va Ugine va sau d6 1a rat nhi€u cdc cong ty khdc cha Nhat phét trién, hién nay vin
dang duge dp dung & Nhat va Mehico. Qud trinh nay it duge dp dung vi cdc Iy do

chinh sau: hi¢u suét qu4 trinh thap hon so véi qua trinh oxy hod truc ti€p propylen va
san pham phu ¢6 chita nhiéu axit sunfuric va sunfat amoni.

234



Qud trinh dua trén phan dng thuy phan cia acrylonitril thanh acrylamit sunfat
trong moéi truong axit sunfuric, sau d6 1a phan ting este hod véi ruou tao thanh
acrylat theo cdc phdn \ing sau day.

CH,=CH-CN + H,0 + H,SO, —> CH,=CH-CO-NH,.H,S0,
CH,=CH-CO-NH,.H,80, + ROH — CH,=CH-COOR + NH,HSO,
So d6 cong nghé san xudt acrylat tir acrylonitril dugc trinh bay trong hinh 8.8,

Mac du phan tng chuyén hod acrylonitril thanh acrylamit sunfat duoc diéu
khién bang cdch han ché ham lugng nudc trong moéi truong phan \ing va gidm thoi
gian luu trong thi€t bi phan dng (5 - 10 phit), nhung mot phén nhé acrylonitril vin bi
thuy phan tao thanh uxit acrylic. Phan tng xay ra & 4p sudt khi quyén, & nhiét do 145
+155°C véi sy c6 mat cha axit sunfuric 85% trong thiét bi cé khudy.

San phdm dugc dua sang thiét bi este hod lam viéc & ap suét khi quyén, nhiét
do 160 + 180°C, tai nhiét d¢ nay, sén phdm phu axit acrylic ciing c¢6 thé dugc chuyén
hod. Hon hop acrylat, rugu du va nude thu duge & dinh thap, hén hop axit sunfuric,
bisunfat amoni va san phdm phu 1a cdc hop chdt hitu co (nhu 3-alkoxypropionat)
duge phan huy nhiét d€ tao thanh sunfat amoni ding 1am phan bén.

Phan doan nhe dugc chung cit dé thu héi san phidm phuy ete vA tuin hoan lai
thi€t b este hod d€ dam bao diéu kién néng d¢ én dinh. Ruogu duoc tach bing chung
cét trich ly, sau d6 duge dua di chung ct tich nudc trude khi tudn hoan lai thép este
hod. Trong thiét bj lang ctia thép chung c4t trich ly s& phan 1am 2 pha. Pha nudc dugc
héi Iuu, pha hitu co chita nude duge dua sang thiét bi téch nudc. Tai thiét bi ling cia
thdp chung cét tich nudc ciing phan lam 2 pha. Pha hitu co duge héi luu va pha nudce
duge tuan hoan lai thap chung cét trich ly. Sén phdm ddy cia thap tich nuéc chia
este khan dugc dua sang thép tinh ché este, tach cdc san phdm nang khéi acrylat.
Chat e ch€ polyme hod (hydroquinon) duge dua vao cdc thip chung dé tranh phan
ing trung hgp.

8.3.6. Sin xuit acrylat phan tir ludng cao

Céc este acrylat phén tlr lugng cao ¢6 thé duge téng hop truc ti€p bing phén
ing este hoa gilta axit acrylic véi rugu phan tir lugng 16n hoac bing phan ting chuyén
hod este (trans este ho#) véi acrylat phan tir lugng thdp (metyl hoac etyl acrylat). Céc
hop chat nay thung dugc san xuat gidn doan vi nhu céu d6i véi san phidm nay khoéng
cao va do cdc rugu cao (vi du 1-butanol, 2-etyl hexanol) thudng khéng tan trong nude
va do vay khé thu héi bang phuong phép trich ly.
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Qua trinh este hod true ti€p duge ti€n hanh véi sy ¢é mat cia axit sunfuric,
toluen sunfonic axit hoac nhya trao déi cation duge sunfonic ho4, tai dp sudt khi
quyén va nhiét do 20 + 120°C phu thudc vio loai este. Dung moi duoe sir dung dé
tach nude tao ra trong phén ng. Axit acrylic chua phan ing va xtc tdc duge trung
hod vi acrylat dugc 1am sach bing chung c4t. Hiéu suat clia qud trinh ién dén 80 -+
90% mol.

Qud trinh trans este hod xay ra & dp sudt khi quyén, véi su ¢d mat cha axit
manh (axit sunfuric) hoac alkyl titanat (tetraisopropyl titanat) theo phuong trinh sau:

CH,=CH-COOR + R'OH — CH,=CH-COOR' + ROH

Nhiét do duoc diéu khién dé tdch san phadm phu rugu ngay sau khi chiing duoc
sinh ra bang chung cdt dang phi (hén hop ding phi tao thanh giita rugu va este ban
dau). C6 thé sir dung hop chat thit ba dé phé ding phi nhir cyclohexan (tao hdn hop
ding phi gira etanol va cyclohexan). Sau khi tich xdc tdc, san phdm 16ng duge
chung cét lam sach trong di€u kién chan khong véi su ¢6 mat cha chit dc ché tring
hop (nhu phenothiazin).

Mot s6 este cao khic (hydroxyetyl va 2-hydroxypropyl acrylat) duoc diéu ché
bang phan {ng giita etylen oxyt vGi axit acrylic v6i xdc tic dua trén amin bac 3,
mudi amoni hoac nhya trao déi ion...

8.4. METACRYLAT

Axit metacrylic (d,%° = 1,015, t,, = 16°C, t, = 163°C) it duge sit dung truc tiep,
ma thudng dugc chuyén sang dang metyl metacrylat (d,2’ = 0,936, t, = 100°C) cé
nhiéu ing dung hon.

Hai phuong phdp chinh dugc Gng dung trong cong nghiép dé san xuat metyl
metacrylat bao gém:

* Qua trinh tir axeton va hydroxyanua

* Quad trinh tir f-butyl alcol.
8.4.1. San xuat metyl metacrylat tir axeton va hydroxyanua
8.4.1.1. Nguyén tic

Day 1a phuong phép chinh dugc iing dung trong cong nghiép dé€ san xudt metyl
metacrylat. Qud trinh dya trén bén burge sau day:

* Diéu ché hydro xyanua

= Ngung tu axeton va hydro xyanua tao thanh axeton xyanohydrin.

* Chuyén hod xyanohydrin thanh metacryamit trong moi truedng axit.,
= Thuy phan hoac este hod amit thanh axit hoic este.
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(a) Diéu ché hydro xyanua.

Hydro xyanua thudng thu dugc 13 sin phdm phu cGa qud trinh san xuat
acrylonitril hoac 12 san phdm cfia qud trinh téng hop tryc ti€p tir hydrocacbon theo ba
phuong phip sau:

* QQud trinh Andrussow: ammo-oxy hod metan
CH, + NH; + 3/20, — HCN + 3H,0 AH,y4" = —480 kJ/mol

Phan ting tod nhiét manh, xdy ra vdi su ¢6 mit clia khong khi & nhiét do 1100 -
1200°C, v&i ti 1é thé tich khong khi/CH,/NH; = 5/1/1, xic tic Pt (90%) vh Re (10%
trong lugng). Pha khi thu dugc c¢é chia 6 - 8% thé tich HCN phai duoc 1am lanh
nhanh xudng 400°C dé tranh phan ing thit cap tao san phdm phu. Hiéu suat dat duoc
khoang 80%.

* Qua trinh Degussa BMA (Blausalire Methan Ammoniak):
CH, + NH, - HCN + 3H, AH%%g = 250 kJ/mol

Day la phan ung thu nhiét xay ra trong cdc 6ng oxyt nhém phil platin duge gia
nhiét dén 1200 + 1300°C bang céch trao d6i nhiét ngodi. Néng d6 HCN tao thanh
trong khi san phdm cao hon (tGi 20% thé tich), hi¢u sudt qué trinh ciing cao hon (trén
85%)

* Qud trinh Degussa Fluohmic: sit dung ngudn nguyén liéu ddu 1a propan.
C4H, + 3NH; — 3HCN + 7H, AH%¢ = 635 kJ/mol
Phan ung khéng xic tic, xay ra ¢ nhiét do khodng 1500°C trong thi€t bi phan
ung xlc tdc tang s6i. Higu sudt dat duge 85 - 90% mol d6i véi ca propan va amoniac.
(b) Ngung tie axeton va hydro xyanua thanh axeton xyanohydrin
Qua trinh dua trén phan ng thuan nghich, toa nhiét sau:
CH;-CO-CH; + HCN == (CH,),-COH-CN  AH 35 = —45 kJ/mol
Phan ing thuan loi & nhiét do thap, vdi sy c6 mat clia xdc téc 13 hop chét kiém
(NaOH, Ba(OH),, KOH, K,CO; Ca,;(PO.),) mang trén SiO,. Nhiét d6 phan tng

25 -40°C, ap suat khi quyén, trong pha ldng véi ti 1¢ mol HCN/axeton = 0,7/1,1.
HCN hédu nhu chuyén hod hoan toan, hiéu suat thu duge Ién hon 90% mol.

(c) Diéu ché metacryamit sunfat
Qu4 trinh xay ra véi axit sunfuric 98% trong lugng theo co ché sau:

(CHy); COH-CN + H,80, —* (CHj), C - CN + H,0
0SO;H
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(CH;), (li - CN+H,80, — [(CHj), € - C"=NH.HSO,]
0SO;H OSO;H

[(CH3)2 IC - C+:NH.HSO4.] + H,O —» (CH3)2 (I: - CO-NH21'12804
0SO,H OSO;H

(CH3); € - CO-NH, .H,80, —= CH, =C- CO - NH; .H,S0, + H,S0,
OSO;H CH;

Trong giai doan thi nhdt cdn tdc nhan khan dé trdnh sy tao thanh
a-hydroxyamit (hgp chat nay khé chuyén ho4 thanh metacrylamit sunfat). Qua trinh
Xdy ra trong pha long, tai dp sudt khi quyén, diu tién & 80-110°C, sau dé 1a 125-
145°C dé dat duge do chuyén hod hoan toan, thdi gian luu 1 gid, vdi ti 1& mol
H,S0,/axeton cyanohydrin = 1,5 dén 2. Hiéu sudt 95-97% mol. San pham phu la CO
va axeton disunfonic axit. D€ trdnh phan Gng phu polime hoi can st dung chit ic
ché€ (phenol, phenolthiazin, luu huynh...).

(d) Thuy phdn hodc este hod metylacrylamit sunfat

Phy thudc vio tdc nhan sir dung 12 nudc hay rugu (metanol), ¢6 thé xdy ra cic
phdn ing sau:

CH, = C - CO - NH, H,80, + H)0 —> CH,=C - COOH + NH,HSO,

CH;, CH,
CH, = C - CO - NH, .Hy80; + ROH —= CH, = - COOR + NH,HSO,
CH, CH,

Cic phan vmg ndy c6 thé xay ra trong cdc diéu kién sau:

* Tai ap sudt khi quyén, & khodng 80 - 110°C, du metanol, thdi gian huu 2 + 4 gid.

= Dudi ap suat 0,8 Mpa, & khoang 100 - 150°C, véi thoi gian lwu nhé hon | gig,
du axit sunfuric (10% mol so v6i metanol), lugng nude 16n nhat 0,02%, trong thiét bi
c6 khudy c6 v boc ngoai hoac thiét bi ¢6 he théng lam lanh bén trong d€ tich nhiét
phan Ung tod nhiét va diéu khién nhiét do phdn ung. Hiéu sudt chuyén hod lén 16i
90% mol doi véi axeton xyanohydrin va 80 - 90% mol d6i v6i metanol. San phidm
phu tao thanh la dimetyl ete, metyl format, axeton, oa-hydroxyisobutyric axit,
a-hydroxymetylisobutyrat va §-metoxymetylisobutyrat.

8.4.1.2. Qud trinh sdn xudt trong cong nghiép

So do cong nghé san xuit metyl metacrylat trong cong nghiép dugc trinh bay
trong hinh 8.9, qué trinh bao gém cdc cong doan chinh sau:

(a) Piéu ché hydro xyanua
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= Chuan bi hén hgp khong khi/amoniac bing cich hép thu khi amoniac véi
nudc lanh, sau d6 nha hap thu bang khong khi va hoi nudc, trén véi metan

* Hén hop phan ¢ng duge dua qua ludi xic tac bing Pt va Re, tang Ién nhiét do
1000°C bang day kich di¢n va duy tri nhiét d6 phan tng bing nhiét toa ra tir phan
ting tod nhiét.

= Toi khi san phdm trong ba giai doan, san xuét hoi nude trong hai giai doan
dau.

- Trao d6i nhiét gidn ti€p, ddu tién bang thiét bi trao déi nhiét 6ng chium dat
ngay phia dudi ludi xtc tdc d€ ha nhiét do xudng 300°C, sau dé bing thiét bj trao ddi
nhiét dat ngoai thiét bi phan ing d€ ha nhiét d6 xudng 150°C.

- Trao d6i nhiét biing cach tiép xuc tryc ti€p véi dong axit sunfuric 16ng lanh
tuan hoan dé ha nhiét do xudng 20"C, déng thdi trung hoa luong amoniac du véi su
tao thanh sunfat amoni.

* Hap thu hydroxyanua cé trong khi thodt ra & thi€t bi t6i tryc ti€p bang nudc
lanh, sau d6 nha hap thu.

(b) Diéu ché axeton xyanohydrin

* Phan ting cua hydro xyanua, axeton va dung dich kiém (amoniac hoic NaOH
25% trong lugng), tai dp sudt khi quyén & 30 - 35°C, trong cdc thiét bi ¢ khudy duge
lam lanh bang céch tudn hoan méi trudng phan ing qua thiét bj trao déi nhiét 1am
lanh dat ngodi thép.

* Trung hod sdn pham béng axit sunfuric dac 98%, loc dé tich sunfat amoni
tao thanh.

* Chung cét chan khong (nhiét d6 dinh thép 30°C) tich phan doan nhe (axeton,
hydroxyanua...) va nudc tudn hoan, phan doan nang thu dugc & ddy thip chita 98%
xyanohydrin.

{c} Thuy phan va este hod

* Phan ung cua axeton xyanohydrin véi axit sunfuric dic tao thanh
metacrylamit sunfat trong cdc thi€t bi c6 khudy dugc 1am lanh bing cédch tudn hoan
moi trudng phan dng qua thiét bi trao ddi nhiét lam lanh ngoai, & nhiét do 130 -
150°C, dp sudt 0,7 - 0,8 Mpa. Sau dé 1am lanh xudng 60°C va dua qua thiét bj tich
khi/long dé tich phan doan nhe (CO, HCN, axeton...).

= Phén san phdm 1éng dugc trén véi metanol méi va metanol tudn hoan, dugc
gia nhigt 1én 100°C, nén dén 4dp suat 0,6 - 0,7 MPa va dua vao thiét bi phan ting este
hod ¢6 khudy cau tao tuong tr nhu cdc thiét bi ¢é khudy khdc d3 mé ta & trén.
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(d) Tdch va tinh ché meryl metacrylat

» San phdm este hod sau khi dugc 1am lanh, dua vio thiét bi 1ing dugc chia 1am
hai pha: pha nuéc giau sunfat hoa tan dugc tach dé thu hdi metacrylat ¢é lan trong dé
va dua vao pha hitu co s€ duge chung cat.

» Téch hén hop dang phi nudc/este (c6 t, = 83°C, chita 14% trong lugng nudc)
bang chung cit dang phi véi sy ¢é mat cha nude va chit dc ché trung hop (50 dia). O
dinh thap, pha nudc thu dugc trong thiét bi ling dugc hdi hm, pha hitu co ¢é chira
97% trong lugng este dugc trung hoa va ti€p tuc lam sach. San phdm ddy dugc dua
sang thdp chimg cat (35 dia) tdch nudc & ddy thip va metanol & dinh thdp dugce tuin
hoan lai thiét bi este hoa.

* Tinh ché metyl metacrylat trong 3 thdp chung chan khéng, ¢ miit chat ¢
ch& polyme hod. Thap thir nhit (25 dia) tdch san pham nhe (dimetylete, nudc...),
thdp thir hat (25-30 dia) thu metyl metacrylat thuong phdm, thdp thit ba tich sin
phdm nang (metyl metacrylat thu héi dugc tuin hoan lai thap thi hai).

(e) Xir Iy nuoc thai va tdi sinh axit sunfuric

Dung dich nuéc cha bisunfat, sunfat amoni va axit sunfuric sau khi ché bién
ti€p ¢6 thé sit dung 1am phan boén hoic chuyén hod dé thu hdi axit sunfuric dac. Dé
thu héi axit sunfuric dac, dung dich nude duge dét véi su ¢6 mat cha metan va khong
khi, tai nhiét d6 1000°C va 1 MPa. Sau khi duge 1am lanh, SO, trong san phidm dét
dugc chuyén thanh SO, biang cdch dua qua xidc tdc V,0Qs, sau dé duoc chuyén hod
thanh axit sunfuric 98% bang cach phan {ing v&i hoi nudc.

8.4.2. San xuit metyl metacrylat tir t-butyl alcol

Tert butyl alcol thu duge tir hai nguén chinh:

* Déng san phdm clia qu4 trinh san xuft propylen oxyt.

= Hydrat héa 1sobuten thu duge trong qud trinh nhiét phan xic tic phan doan C,.
8.4.2.1. Nguyén tdc

1-Butyl alcol dugc chuyén hod thanh metyl metacrylat theo ba budc.

{a) Oxy hoad ricou thanh metacrolein

(CH3);C - OH + 0 - CH, = € - CHO + 2H,0 AHag = = 275 kJ/mol
CH,

Qua trinh oxy hoa rugu thanh metacrolein duge ti€n hanh trong pha hai, & nhiét
do 330 - 360°C, dp suat thip (0,3 + 0,4 MPa), v4i su ¢6 mat clia khong khi va hoi
nudc, trén xiic tdc hdén hgp oxyt Mo, Co, Bi, Fe, Ni ¢é b8 sung cac hop chét cha kim
loai kiém, Sb, Te, P, W, Sn, Mn..., thai gian luu 2 + 3 gidy. San pham phu tao thanh
1a céc sdn phdm nhe (CO, CO,, buten), axit axetic,axit metacrylic va sin phim nang.
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(b) Oxy hod metacrolein thanh metacrylic axit

CH,=C-CHO+ =0, —=CH,=C-COOH  AHS, = =245 kfmol
CH, CH;

Qua trinh oxy hod metacrolein thanh metacrylic axit duge ti€n hinh trong pha
hoi, & nhiét do 300 + 350°C, 4p suit 0,1 + 0,5 MPa, tic nhan oxy hod 1a khéng khi
(c6 thé pha lodng bang nitg hoac hoi nuée d€ trénh gidi han chdy né). Xic tac sit
dung & dang phifc phosphomolypdat, véi cdc chat trg xdc tac 1a oxyt ctia Bi, Sb, Th,
Cr, Cu, Zr, hoac céc axit rAn/chat mang.

(¢} Este hod metacrylic axit thanh metyl metacrylat

CH, = C-COOH + CH30H —=CH, = C - COOCH; + H,0 AH%S = +1,2 kJ/mol
CH; CH,

Este hod: thudng ti€n hanh trong pha 1dng, v6i s ¢6 mat clia xiic tic axit
sunfuric hodc nhya trao doi cation, thudng diing du metanol & nhiét d¢ 110 = 115°C,
dp suat 30 + 50 kPa d€ han ché phan tng tring hop. Qud trinh thudng sir dung chat
trc ché tring hop hydroquinon.

8.4.2.2. Qud trinh sdn xudt trong céng nghiép

So d6 cong nghé sin xudt metyl metacrylat tix 1-butyl alcol duge trinh bay trong
hinh 8.10. Qua trinh bao gém cic giai doan sau:

a. Oxy hod t-butyl alcol thanh metacrolein

* Chuyén hod: Rugu sau khi dugc hod hdi, tron véi khong khi va hoi nudc,
dugc dua vao thi€t bi phan iing oxy hod 6ng chiim 1am viéc & 330°C, 0,35 MPa.
Nhi¢t phan ng dugc tich bing cich dua chét tai nhiét lanh tuin hoan ngoai ong
phan iing va dugce ding dé sdn xudt hoi nude dp suat thap. Xic tdc chia trong dng
duge tdi sinh theo chu k¥ bing cach dét coc.

" Tach va tinh ch€ metacrolein: Khi sén phdm duge 1am lanh xuéng 40°C, dugc
ngung tu nhd thiet bi trao d6i nhiét gidn tiép va truc ti€p. Metacrolein trong san
phdm ngung tu dugc thu héi bing cach gia nhiét. Metacrolein trong khi khong ngung
dugc hap thu bang cdch rira véi axit axetic va nude. San phdm metacrolein sau khi ra
khoi thép nha hap thu cé d6 tinh khiét 98%.

b. Oxy hod metacrolein thanh axit metacrylic

* Chuyén hod: Metacrolein dugc gia nhiét, trén véi khong khi v hoi nuée va
duge dwa vao thiét bi phin ng oxy hod éng chum lam viéc & 300°C vi 0,3 MPa.
Nhiét phan iing cling dugc tich bang cich twan hoan chét tai nhiét lanh & ngoai 6ng

phan tmg va tin dung dé san xudt hoi nudc ap suat thap. Xiic tic duge tdi sinh theo
chu ky bing cdch dét coc.
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* Lam lanh: San phdm khi dugc lam lanh xudng 40 + 45°C trong thiét bi trao
doi nhiét truc tiép va gidn tiép, khi khong ngung mot phin duge thai, mét phan duoc
nén va tuidn hoadn lai thigt bi phan ung. Tach nudc: Axit metacrylic thé duge tich
nudc bang chung cat ding phi véi dung moi xeton. Xeton dugc thu héi trong thip
tich tié€p theo.

= Tinh ché: Axit metacrylic khan duge tinh ch€ trong 3 thap chung cdt chan
khong dé tach san phidm phu axit axetic trong thdp thr nhat (40 + 50 fa) va axit
metacrylic 99,% trong thdp thir hai (10 + 50 dia). Axit metacrylic trong san pham
nang duge thu héi trong thdp chung chan khong thi 3.

c. Este hod axit metacrylic

* Phan ding: Qud trinh este hod dugce ti€n hanh véi metanol vd axit sunfuric
98%, ¢ 115 + 120°C, 4p sudt khi quyén, trong thiét ti c6 khudy, ¢6 do nhiét hodc gia
nhiét bang cach tudn hon moéi trudng phan ¥mg qua thiét bi trao déi nhiét dat ngoai
thap.

® Tdch: Ghép thi€t bi phin (ng va thip chung, ching lam viéc & diéu kién chan
khong, pha khi di ra tix thiét bi phan ing duge tach axit metacrylic chua phan ung va
duge dua quay vé thiét bi phan tng. Sén phdm dinh chia thdp chung sau khi lam lanh
ngung tu, lang trong thiét bi ling duge phan 1am hai pha, pha nang hon gidu metanol
va pha nhe hon chéa san pham acrylat. Sin pham nhe giau acrylat mot phan dugc héi
luu, mot phin dugc dua sang bo phan tinh ch€ metacrylat. Cach tién hanh nhu vay la

dé dam bao tdch triet dé sin phim khéi moi trudng phan tng va dé dat duoc do
chuyén hod hoan toan

* Xit Iy san pham nang gidu metanol: Sin phdm nidng giau metanol duge dua
sang thdp chung tich metanol, tai day metanol ¢6 lan dimetyl ete, metacrylat duge
tich ra & dinh thdp dugc tudn hoan lai thi€t bi este hod dé dam bao chuyén héa hoan
toan metanol va dim bio nong 46 ete én dinh dé tich nude tir hén hop phan iing &
dang dang phi.

» Xir Iy san phdm nhe gidu acrylat: San phim nhe acrylat duge tich nuéc va
tinh ch€ metyl metacrylat trong hai thdp lam viéc trong diéu kién chan khong va ¢é
mat chat te ché polyme hod. Hén hop di dang phi nuéc/este (1, = 83°C, chita 14%
khoi lugng nuéce) duogc téich trong thdp chung thit nhat. Lép hitu co thu duge trong
thap lang duge héi hwu, pha nuéc duge tuin hoan lai thdp tach metanol. San phim

nang dugc tich ra & ddy thip chung thit hai, metyl metacrylat thuong phim thu dugc
¢ dinh thdp thi hai.

8.4.3. Cac phuong phdp khéc san xuit metyl metacrylat

Céc phuong phdp khic dang dugc phat trién dé€ san xudt metyl metacrylat tir
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cde ngudn khdc nhau nhu: olefin C4, propylen va etylen.
8.4.3.1. Cong nghé dua trén olefin C,
a. Tirisobuten:

* Isobuten — oxy hod — metacrolein — oxy hod — axit metacrylic = este
nod — metyl metacrylat.

Qud trinh thit nhat oxy hod isobuten dugce ti€n hanh trong pha khi, & nhiét do
300 + 400°C, 0,1 + 0,5 MPa, trong thiét bi xtc tdc ¢6 dinh sir dung xic tic hén hop
oxyt Mo, Bi, Te. D€ tranh gi6i han chdy nd, hén hop nguyén liéu ddu isobuten vi
khong khi phai duge pha loang vdi nitg hodc hoi nudc.

* Isobuten — ammo-oxy hod —> metacryloniteil — thuy phdn véi axit sunfuric
— metacryamit sunfat — este hod — metyl metacrylat.

b. Tir phdn doan olefin C4

Két hgp dong thdi qud trinh oxy hod isobuten thanh metacrolein va oxydehydro
hod rn-buten thanh butadien. Qud trinh ti€n hanh trong pha khi & nhiét do 350 -
450°C, ap sudt thap, véi xic tdc hdén hgp oxyt Mo, Bi, Te.

8.4.3.2. Céng nghé dua trén propylen

a. Dehydro hod axit isobutyric thanh axit metacrylic, sau d6 este hoa thanh
metyl metacrylat.

Axit isobutyric cé thé thu dugc tir hai nguén:

* Oxy hod isobutyraldehit, san phim phu clia qué trinh téng hop oxo tir
propylen.

* Cacbonyl hod propylen v6i su ¢6 mit cia nudc va xtic tic cacbonyl rhodi va
iot.

Qud trinh dehydro hod dugce tién hanh trong pha khi & nhiét dé 400 - 450°C, véi
xli¢ tde hdn hop oxyt Mo, P, V, Fe....

b. Dehydro hod isobutyrat thanh metyl metacrylat

Isobutyrat duge tao thanh bang phan Ung cacbonyl hod propylen véi su ¢é mat
cha xidc tac phic Rh, Co hoac Pd. Isobutrat dugc chuyén hod véi xiic tic Mo, W, V
va axit phosphomolypdic.

8.4.3.3. Cong nghé dua trén etylen

» Etylen —> téng hop oxo — propionaldehit — phdn iing Cannizzaro —
metacrolein —» oxy hod — axit metacrylic — este hod — metyl metacrylat,

* Etylen — cacbonyl hod — axit propionic — phdn itng Cannizzaro — axit
metacrylic = este hod — metyl metacrylat.

246



8.5. STYREN

Hau hét monome styren (1, = 145,2°C, d,* = 0,906) dugc san xust bang phuong
phédp dehydro hod etylbenzen hodc [a d6ng sin phdm ciia qud trinh san xuét propylen
oxyt. Styren ciing ¢6 thé thu duge tit phan doan Cs clia xang nhiét phdr. nhung
phuong phip nay chua duge ing dung trong cong nghiép. 99% etylbenzen dugc si
dung dé san xuat styren. Khodng 95% etylbenzen thu dugc tir qua trinh alkyl hod
benzen vdi etylen, 5% thu duge tir phan doan Cy cha qua trinh reforming niic tdc.

8.5.1. Dehydro hoa truc tiép etylbenzen
8.5.1.1. Diéu kién phdn ttng

Phan ting dehydro hod etylbenzen 12 phan Gng thu nhiét manh, ting thé tich
theo phuong trinh sau:

C¢Hs-CH,-CH; — C¢Hs-CH=CH, +H,  AHYys = 125 kJ/mol

Qua trinh thich hgp & nhiét d9 cao, dp suat thap, gin gidng diéu kién cla phan
ing dehydro hod buten trong san phdm steam cracking thanh butadien.

Néu khong sir dung xuc tdc, qué trinh tién hanh & nhiét do 700 + 800°C, do
chuyén hod sau I vong phan tng 20 + 30%, hiéu su#t thap hon 50 + 60%. Qua trinh
thudng kém theo phan ing phu hydrodealkyl hod thanh benzen va toluen, phan ting
cracking vdi su tao thanh c6¢ va khi, va phan (ng alkyl hod styren thanh metylstyren
va chuyén hod c4c san phdm phu.

Ciing tuong ty nhu phan {ng steam cracking, qud trinh dehydro hod thich hop
khi ti€n hanh véi su ¢6 mat ciia hoi nudc va 1am lanh nhanh khi sin phdm, qud trinh
c6 thé tang t6c bing cdch sir dung xic tdc. Hoi nudc cé vai trd cung cép nhiét cho
phan ung (dac biét khi qud trinh tién hanh & ch€ do doan nhiét), giam luong nhiét
cung cdp cho mét don vi thé tich, gidm 4p sudt riéng phédn cha hydrocacbon, do vay
lam phan tng chuyén dich vé phia tao thanh styren, lam giam luong cdc tao thanh va
duy tri hoat tinh cna xic téc.

Xic tdc c6 vai trd lam tang do chuyén hod va chon loc clia phan tng, giam
nhiét do phdn img. Tuy vay nhiét do phan fmg van cao, khodng 550 = 650°C, 4p suat
0,1 + 0,3 MPa (trong cic so d6 cii) va thdp hon 0,1 MPa (trong cdc so dé méi). Cic
xtic tac hién dai ¢6 5 cau tir: cdu tit hoat dong (Fe,0,), chit 6n dinh (Cr,0;, ALO,,
MgO), chét iic ché tao c6¢ (K,0), chat khoi mao (CuO, V,05, AgO) va chit két dinh
(aluminat canxi).

Tuy thugce vio loai xiic tdc sir dung, qua trinh ¢6 thé tién hanh trong didu kién
déng nhiét hoac doan nhiét
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8.5.1.2. Cong nghé
A. Dehydro hoa doan nhiét

Quad trinh nay dugc ing dung réng rii nhét trong cong nghiép, duge phit trién
theo cac giai doan sau:

* Mot thi€t bi phan tmg lam viéc & dp sudt 0,15 + 0,2 MPa, d6 chuyén hod 40%.

* Hai thi€t bi phan tng dat ndi ti€p dé€ 8i uu ti 1& gitta d6 chon loc va do
chuyén hod, dp sudt nhu hé mét thiét bi phan ing, d6 chuyén hod dat dugc 45 = 55%.

* Hé théng lam viéc & dp suat thap, do chuyén hod dat duogc trén 60%.

Trong I&p xuc tac, nhiét d6 phan tng gidm 1°C khi d9 chuyén hod tang 1%. Do
vay, dé€ thu duge do chuyén hod cao, phii them mot lugng dang ké hoi nudc & nhiét
d6 cao. Tuy nhién, khi nhiét d¢ trén 610°C, etylbenzen va styren tao thanh bi
cracking. D€ khic phuc hién tuong ndy, cdn tién hanh phan tng trong céc thiét bi
phdn tng dat n&i ti€p vdi thiét bi gia nhiét trung gian hodc tién hanh phan g trong
diéu kién 4p suat thap dé dich chuyén phan ting theo huéng mong muén. Trong
trudng hop thit hai, dp suat giam theo chiéu day ctia 18p xiic tdc, vi vay thi€t bi phan
ttng phai c6 thiét k& dic biét (thudng sir dung loai thigt bi xuyén tam thay cho loai
doc tryc). Thi€t bi phan ing loai xuyén tam phd hgp dé ché tao thi€t bi phan ing
cong sudt 16n (dudong kinh thiét bi loai doc truc khong vugt qud 6,3 + 6,5 m).

So d6 cong nghé dehydro hod doan nhiét sin xuat styren dugc trinh bay trong
hinh 8.11. Etylbenzen méi va etylbenzen tuiin hoan duge boc hoi, trén véi 10% hai
nude, gia phiét dén 530 + 550°C va dua vao thiét bi phan ting. 90% lwong hoi nudc
con Jai dugc gia nhiét 1én 800°C va dua vao thiét bi phan dng dé nang nhiét do lén
650°C, phan iing dehydro hod bat ddu xéy ra & nhiét do nay. Khi san phdm ra khoi
thiét bi phan tng c¢6 nhiét do 590 + 600°C dugc 1am lanh nhanh chéng trong thiét bi
toi bang nudc, nhiét clia khi sin phdm duge dung dé san xudt hoi nudc 4p suat trung
binh, sau d6 khi sin phidm dugc ti€p tuc 1am lanh trong thi€t bi trao ddi nhiét bang
khéng khi.

Sar. phdm sau khi dugc 1am lanh va ngung tu, duge dua vao thiét bi lang tao
thanh 3 pha:

(a) Pha khi giau hydro, CO, CO,, hydrocacbon nhe (metan, etylen...): sau khi
duge nén, hoa 16ng phan doan nang, duge sir dung 1am nhién liu,

(b} Pha nudc giau hydrocacbon thom duge dua vio thdp tdch, benzen v toluen
duoc hoi huu.,

(¢) Pha hitu co chli yéu chifa styren va etylbenzen dugc dua sang bo phan tach.
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B. Dehydro hod ddng nhiét

Vé mit cong ngh¢, qué trinh nay khé thuc hién hon qud trinh doan nhiét, vi
phii sir dung thiét bi phan #mg loai 6ng chiim véi dong trao ddi nhiét tudn hoan &
ngoai 6ng. Tuy nhién qud trinh nay c6 vu diém: nhiét do nguyen liéu ddu thap hon, ti
s6 hoi nudc/nguyén liéu ddu thap hon so véi qué trinh doan nhiét.

Cong ngh¢ dehydro hod dang nhiét clia BASF dugce trinh biy trong hinh 8.12.
Céc diéu kién cong nghé nhu sau:

Nhiét dé nguyén liéu dau: 580°C
Nhiét d¢ chat tai nhiét G dau vao 750°C
o dau ra 630°C
Ti 1€ hoi nude 1,1 +1,2
D6 chuyén hod (1 ldn phan ing) 60%
Po chon loc 92 + 94% mol

Khi ¢ it Iy

Styren tho

! Hoi nuéc
1 4_-

L

e e
Khi khoi Quat gi6 Q """" ' Etylbenzen

Hinh 8.12. Céng nghé BASF sdn xudt styren bdng qud trinh dehydro hod ddng nhiét
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Quad trinh sur dung khi khéi lam chat tai nhiét. Hén hop etylbenzen va hei nudc
dugc gia nhiét trong thiét bi trao ddi nhiét v6i dong khi san phdm va khi khéi. Khi
khéi sau khi trao ddi nhiét cé nhiét dd 375°C dugc gia nhiét trong 1o dét. Thiét bi
phan iing c6 cdc 6ng chita xiic tdc ¢6 chiéu dai 2,5 + 4 m, dudng kinh 10 + 20 cm.

C. Xit Iy sdn phdm dehydro hod (hinh 8.11)

San phidm dehydro hoa cé chita 50% styren dugc dwa vao bdn thdp chung cit
lan Iuot thue hién cdc nhiém vu- sau:

* Thu styren thdé & ddy thép thit nhat (70 dia);

Do etylbenzen va styren cé nhiét d9 séi rdt gan nhau va styren ¢6 khuynh
huéng dé dang tring hop (ngay ca trong diéu kién chan khong), nén qué trinh tach
styren thé khoi etylbenzen phai dugc thyc hién trong cdc diéu kién sau:

- S6 dia I6n (60 + 70 dia) va chi s6 héi luu cao (> 6).

- Thuc hién trong diéu kién chan khong (7 + 30 kPa) dé gidm nhiét do ddy thdp
xudng dudi 108”C va tang 4o bay hoi tuong d6i.

- C6 mit chét e ché tring hop (luu huynh hoac dinitrophenol).

- D6 giam 4p trong thiét bi ngung tu va trong cdc dia thap.

* Tinh ch€ styren dé thu styren thuong phdm: Thép tinh ché styren khoi vét cla
etylbenzen va hydrocacbon ning doi hoi diéu kién mém hon: 20 dia, nhiét do dinh
thdp 50°C, ddy thdp 105°C, tuong tng v6i 4p suat 10 va 20 kPa, cé st dung chit iic
ché&. Styren thu duge ¢é do sach 99,7 - 99,8%.

= Thu héi etylbenzen chua phéan \tng, tudn hoan lai thi€t bi dehydro hod (60
dia): qud trinh thuc hién trong thdp chung & dp sudt khi quyén véi nhiét do ddy thap
140°C.

» X 1y phin doan nhe: tich benzen va toluen trong thdp chung & 4p suat khi
quyén, nhiét do ddy thip 115°C (20 dia), benzen dugc tudn hoan lai thi€t bi alkyl
hoa.

Luu huynh va nitrophenol duge sit dung lam chat vc ché€ tring hop trong qua
trinh chung cét styren, con fert-butyl-4-catechol hoac hydroquinon duge sir dung 1am
chit dc trong qua trinh bio quan styren.

8.5.2. Dong san xuat propylen oxyt va styren
8.5.2.1. Ly thuyét

Qua trinh bao gdm bén giai doan:

{a) Oxy hod pha long etylbenzen thanh hydroperoxyt véi sdn phdm phu 14
axetophenon va phenyl-1 etanol.
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CsH;-CH,-CH; + O, - C;Hs;-CHOOH-CH,

Phan tGng tod nhiét, khong sir dyng xdc tdc. Tuy nhién cén sit dung céc hop chat
cé tinh ki€ém (nhu CaCOj; hoiac MgCO,;) dé trung hoa axit tao thanh vi ngan can su
phan huy hydroperoxyt. Nhiét d6 phan ung dugc diéu Kkhién trong khodng 125 +
155°C, 4p sudt 1,5 MPa dé€ duy tri méi trudng phan ting trong pha long.

(b) Epoxy hoa propylen trong pha ldng vdi sw ¢é mdt ctia xiic tde déng thé
hodc di thé

Cjﬁ1'15—'CI"I'O'OI"I—(:I'I_qI + CH:;—CH=CH2 -—> (:{c,I'I‘S—CI‘I(:)I'I—C:I{3I + C\I‘lz—/CH—Cl'lg

Coéng nghé epoxy hod déng thé Oxyrane st dung xiic tic molypden naphtenat.
Sy ¢6 mat cua xiic tic molypden naphtenat han ch& cdc phdn dng phu, do vay cé thé
giam ti I& propylen st dung. Cong nghé Shell sir dung xiic tdc di thé 1a cdc oxyt kim
loai (Mo, V, Ti) mang trén SiO,.

Phan tmg toa nhiét manh, xay ra & nhiét 46 100 + 130°C, 4p sudt 3,5 MPa. bo
chuyén hod hydroperoxyt rat cao (> 97%).

(c) Hydro hod hydroperoxyt con lai va sdn phdm phu axetophenon thanh
phenvi-1 etanol

C¢H;s-CO-CH, + H, - C¢H;-CHOH-CH,

Qud trinh xay ra ¢ nhiét do 120 - 150"C, 4p sudt 1 MPa, st dung xic tdc oxyt
Cu, Cr, Ni mang trén SiO,.

{d} Dehydrat hod phenyl-1 etanol thanh styren

C¢Hs-CHOH-CH; — C,H;-CH=CH, + H,O

Phan tmg xay ra trong pha khi & nhiét do 250°C, dp suat 0,2 + 0,3 MPa, vdi xic
tdc axit (10 + 15% trong lugng mang trén TiO, hodc Al,O,).
8.5.2.2. Cong nghé

Cong nghé Oxyran san xudt styren va propylen oxyt tif etylbenzen va propylen
duge trinh bay trong hinh 8.13. Quaitrinhbao goém cdc giai doan sau:

* Oxy hod: Etylbenzen dugc oxy hod véi khong khi trong pha l1ong. Qud trinh
duge 1ién hanh trong cdc thiét bi phan tng thap sui bot réng dat ndi ti€p, nhiét do
trong cdc thi€t bi gidm dan, thoi gian luu trong méi thiét bi khoang 1 gid. Nhiét phan
tng dugc tich bang cdch bay hoi mét phin pha long, sau d6 duge ngung tu va héi
luu, San pham thu duge chita 10 + 12% trong lugng hydroperoxyt. Néng dé hydro-
peroxyt ¢é thé duge tang 1én 17% trong thi€t bi bay hoi, etylbenzen thu hdi duoc
tudn hoan lai ving phan ng.
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* Epoxy hod: Qua trinh dugc tién hanh trong cdc thiét bj phan img dit néi tiép, c6
cdc thiét bi trao déi nhiét trung gian dé tach nhiét phan yng. Thoi gian luvu khoang 1%
gi. Propylen du dugc thu héi trong 2 thiét bi tich propan va duoc hdi luu lai thiét bi
epoxy hod. Cic san phidm oxygenate va etylbenzen chua phan {ing duoc thu héi trong
thdp tich thi hai dugc chung cét chan khong dé tich propylen oxyt va cic cdu tir nhe &
dinh thdp. Céc cau tir nhe nhu axetaldehit dugc tach bang chung cit don gian, metyl
format duge tich bang chung cét trich ly véi etylbenzen. Etylbenzen dugce 1am sach va
tudn hoan. Propylen oxyt dugc tiép tuc 1am sach dé thu duge PO thuong pham.

* Hydro hod: Sin phdm ddy cGa thip chung cat chan khong duoc dua vao thiét
bi hydro hod d€ tich hydroperoxyt chua phin tng va chuyén hoi axetophenon.
Etylbenzen chua phén tng va phenyl-1 etanol duge tdch ra khoi san phdm hydro hoi
trong 2 thip chung ti€p theo.

* Dehydrat hod: Rugu thu duge duge dehydrat hod trong cdc thiét bi dehydrat
hod dit song song. Nudc tao thanh dugc ngung tu, ldng va tich trong thiét bi ling.
Phenyl-1 etanol chua phan ing va axetophenon dugc tich trong thdp chung cat va

tudn hoan lai thi€t bi hydro hod. Styren duge tinh ch& dé thu duge styren thuong
phdm.

8.5.3. Cac phuong phap khic san xuit styren
* Oxy-dehydro hod etylbenzen véi oxy khong khi hoac chét oxy hod nhu SO,.

* Alkyl hod toluen véi metanol & 450°C. Metanol va toluen du duge tuin hoan,
hén hop styren/etylbenzen duge tich bang chung cat phan doan va dehydro hoa.

= Dime hod toluen thanh stilben & 600°C véi hé xic tic oxy hod khir Pb/PbO.
Sau dé6 stilben tham gia phan tng phéan bg lai voi etylen & 500°C, xic tic WO,

* Dime hod déng thé butadien thanh vinylxyclohexen & 60°C, véi xitc tdc co
kim theo phdn tng Diels-Alder, sau dé chuyén hod vinylxyclohexen thanh etyl-
benzen va dehydro hod etylbenzen tao thanh styren ¢ 400°C, xiic tdc Pt/AL,O;.
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Chuong 9
QUA TRINH ALKYL HOA

9.1. GIGI THIEU CHUNG VE QUA TRINH ALKYL HOA

Alkyl hod ]a qud trinh dva nhém alkyl vao phan tir hop chat hitu co hoic vo6 co.
Day la loai phan ting c6 gi4 tri thyc t& cao dé dua cdc nhém alkyl vao hgp chét thom,
isoparafin, mercaptan, sunfit, amin, cic hgp chat chia ete... Né ciing 1a mot giai
doan trung gian trong qud trinh san xuat cdc monome, céc chat tdy rira...

9.1.1. Phan loai phan ing alkyl ho4

Phan dng alkyl hod ¢6 thé dugc phéan loai theo dang lién két tao thanh hoac
nhom alkyl dua vao phan tir hop chat.

Theo dang lién ket tao thanh gira nguyén tir C vdi nguyén tir clia céc nguyén 1o
khdc (phuong phdp phan loai phd bién nhit), ngudi ta chia qu trinh alkyl hoa thanh:
C-alkyl hod, N-alkyl hod, O-alkyl hod, S-alkyl hod... tuong ng véi c¢dc qud trinh
alkyl hod theo nguyén tit cacbon, nitg, oxy, luu huynh...

* Alkyl hoa theo nguyén 1&r C (C-alkyl hod) 1a th€ nguyén tir hydro néi véi
cacbon bing cdc nhém alkyl. Ca parafin va dac trung nhét 12 hydrocacbon thom déu
¢6 thé tham gia phan Gng nay.

Collyps + CyHypy — Cn+mHZ(n+m+l)

~ R
O +RC —> +HCI

* Alkyl hod theo nguyen tir oxy (O-alkyl hod) va luu huynh (S-alkyl hod) la
cdc phan ¥mg din dén tao thanh lien két gilta nhém alkyl va nguyén tir oxy hodc luu
huynh.

OH OR
|

|
N FNaOH N
@ +RCl —— | +NaCl + H,0
- P

NaSH + RCl —»= RSH + NaCl

= Alkyl hod theo nguyen tlr nito (N-alkyl hod) la sy thé cdc nguyeén tir hydro
trong amoniac hodc trong amin béng cdc nhém alkyl.
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NaSH + RCl — RSH + NaCl

ROH + NH; —» RNH, + H,0
= Dac biét, alkyl hod con ¢6 thé dugc tién hanh tai vi tri cdc nguyén tr cia cdc
nguyén t6 khic nhu Si, Al, Pb (Si-alkyl hod, Al-alkyl hod, Pb-alkyl hod) va day la
phuong phap quan trong nhat dung dé tdng hgp cac hgp chét co kim.

Cu )
2RCI + Si — w  R,SiClL,

4C,HsCl + 4PbNa —= Pb(C;Hs)y + 4NaCl + 3Pb
3C3Hg + Al + 32H, —= Al(C:Hy);

Theo sur khic biét vé c4u tao ciia nhém alkyl dua vio phén tir hgp chat, nguoi ta
phan loai cdc qua trinh thanh alkyl hoa thanh:

= Alkyl hod mach thing, v6i nhém alkyl 12 mach thing (nhu etyl hod,

isopropyl hod):
e C2H5
+ CHCl —» O +HCI

» Alkyl hod mach vong (vi du xyclohexyl hoa):

H,C-CHCI
<N
@ +HCCH _‘ﬂl&(/ \>-<:> + HCI
/ —
H,C-CH,

» Aryl hod (dua nhém phenyl hay néi chung 12 aryl vao phén t&t hgp chit, hinh
thanh lién két truc tiép véi nguyén ta C ciaa vong thom):

e
- s
@ +NH3——+© + HCl

= Vinyl ho4 (vi du axetylen), chi€ém mét vi tri quan trong trong téng hgp hiu
co:

ROH + CH== CH _HO_  RrocH=CH,

+

Zn
CH;-COOH + CH==CH — 2 CH;-COQ-CH=CH,
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* B-oxy atkyl hod (nhém alkyl chita nhém thé dang OXyt, vi du phan t@ng cta
etylen oxyt vdi rugu), mét phan dng quan trong nhét trong. s¢ cdc phan tng sir
dung tdc nhén alkyl hod chita nhém thé:

+ROH NH,
ROCH-CH,0H -— CH;-CH;,0 —m HOCH,-CH,NH,

9.1.2. Tac nhan alky! hoa

Cdc tdc nhéan st dung cho alkyl hod ciing rit da dang, va quan trong nhat 13
nhitng loai dé tao thanh cacbocation. Theo lién két b dut trong qua trinh alkyl hod,
ngudi ta phan loai cdc tdc nhén alkyl hod thanh: céc hop chat khong no (olefin,
axetylen) v6i lién ket bi dit 12 7, cdc din xuft halogen ¢6 lién két bi dut 1a C-X (X Ia
halogen), va cdc hop chit chifa oxy nhu rugu, ete, oxyt olefin ¢é lién k&t bi dit 14 C-
O. Trong 3 loai tdc nhan nay, cdc hgp chét khong no, dic biét la olefin ¢ gid thanh
thdp hon ca va thudng dugc sir dung cho qua trinh C-alkyl hod. Do gid thanh cao nén
loai tdc nhan thit hai (din xudt halogen) chi duoe st dung khi khong ¢é olefin. Loai
tac nhan thir ba (hop chat chita oxy) rat thich hop cho cdc qué trinh alkyl hoa theo
nguyén tr C, N, O va S.

® Olefin

Olefin 1a cdc tdc nhan alkyl hod dac biét quan trong da va dang duge sir dung
rong rdi 1am tdc nhan cho qua trinh alkyl hod nh& kha nang tao cic hop chét trung
gian cacbocation va do gid thanh khé r2. Alkyl ho4 bang olefin trong phén 16n trudng
hop xdy ra theo co ché ion qua giai doan hinh thanh cacbocation va dugc xtc tac béi
cdc axit. Kha nang phan tng cla cic olefin dugc danh gid dua trén mic do hinh
thanh cacbocation theo phan img:

+
RCH=CH, + H* === RCH-CH;

Nhu vAy, kha nang phan ting clia olefin s& tang theo chidu dai va dd phén
nhénh cia mach cacbon trong olefin.

® Alkyl hahogenua

Cac alkyl halogenua, ddc biet 1a cdc din xuit clo, 1a tic nhan alkyl hod théng
dung cho rat nhiéu hop chat, trong cdc trudng hgp C-, O-, S-, N- alkyl hod ciing nhu
tong hop cdc hop chat co kim. Ching c6 thé duoc si dung dé t6ng hgp cdc alkylat
hydrocacbon thom, céc ete, thioete v cdc amin. Ching dugce sir dung trong qud trinh
téng hop axetoaxetic va didu ché cdc tic nhan Grignard. Tuy nhién cdc alkyl
halogenua khong dugc sir dung rong rii trong cong nghiép vi trong phan 16n cdc
phan Gng c¢6 mit ching, cé sy hinh thanh HCL, 1a chat gdy @n mon manh. D&i véi cac
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trudng hop nay, dé trinh an mon, cc thiét bi, dac biét 1a buéng phan ng, phai dugc
1am bang cdc vat liéu dic biét.

Phan tng alkyl hod bing cdc alkyl halogenua cé thé x4y ra theo 3 dang: thé &i
dién t, thé 4i nhan va gée tu do.

Co ché th& ai dién tit dic trung chi y&u cho qud trinh alkyl hod theo nguyén tk
C duge xic tac bdi cac axit phi proton va ciing trai qua giai doan hinh thanh
cacbocaction:

\ .
RCl + AICl; === R"'—» Cl — AlCl, == AICly + R*

———

Kha ning phan iing clia cac alkyl halogenua phu thudc vao d¢ phin cyc cla
lién két C-X (halogen) hodc vao do bén cacbocation. Kha nang phan tng s& tang theo
chiéu dai va d6 phan nhdnh clia mach cacbon trong nhém alkyl.

Co ché thé 4i nhan xay ra d6i v6i qua trinh alkyl hod theo nguyén tlr oxy, liu
huvynh va nito.

+
RCl +:NH; —» RNH; + Cl" === RNH, + HCI

Kha ning phan (ng ctua dan xuit clo tvong tu nhu khi thuy phan, dugc sap xé&p
theo diy: ArCH,Cl > CH,=CH-CH,-Cl > RCI > ArCl va alkyl bac 1 > bac 2 > bac 3.

Trong téng hop co kim va co nguyén 3, alkyl hod xay ra theo co ché géc tr do
do su tdc dung cua cic kim loai.

4PbNa + 4C,l15C1 —= 4Pb + NaCi +4C,Hs —» 4NaCl + Pb(C,Hs), + 3Pb
® Rugu, ete

La mot tic nhan alkyl hod, nhung rugu khong duge st dung nhiéu nhar céc,
olefin, ¢ thé béi vi chﬁrig kém hoat dong hon trong qua trinh hinh thanh cacbocation
trung gian. Etanol di dugc thir nghiém trong qud trinh alkyl hod véi benzen dé sin
xuit etylbenzen, metanol cling duoc sit dung dé alkyl hod toluen trong qua trinh san
xudt chon loc p-xylen. Ngoai ra, rugu, diac biét 1a metanol, con 1a tic nhan alkyl hod
cho cdc qué trinh san xudt cdc metylphenol, metylamin nhd qud trinh alkyl hod
phenol hay amin tuong \ng.

Rugu va ete ¢6 kha nang sir dung cho qud trinh alkyl hod theo C-, O-, N- va §-.
Thuc t€, cic ete duge sir dung chinh 13 cic dang oxyt olefin. Rugu duge sir dung khi
gid thanh cta chiing thap hon va d& tim hon cdc din xuit clo.

Cic xtc tac s dung cho qud trinh alkyl hod véi tdc nhan rugu thuong la axit
Bronsted hodic axit Lewis dé 1am dut lién két giita nhém alkyl va oxy:

..+_
ROH+H' == R-OH, == R*'+H,0
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Gén day, cdc xic tic di thé ciing dd dugc thir nghiém dé san xuit mot s6
alkylat quan trong. Nhiing nghién citu méi day vé qud trinh alkyl hoa toluen véi
metanol sir dung zeolit HY va ZSM-5 & nhiét do khodng 300-700°C da cho thiy do
chon loc p-xylen dat hom 90%. Néu qud trinh ndy duogc chimg minh [a ¢6 thé thuc
hi¢n dugc trong thyc t€ thi alkyl hod toluen trén xic téc zeolit chon loc hinh dang cé
thé s& duge tng dung vao san xuét céng nghiép trong tuong lai.

9.1.3. Xiic tac cho qua trinh alkyl hoi

Xic tdc sir dung cho qua trinh alkyl hod thudng 1a céc axit. Véi atkyl hod dong
thé, xdc tdc thudng ¢é dang axit Bronsted nhu HF v H,SO,... Khi sir dung céc tic
nhan alkyl hod la alken, axit s€ chuyén proton sang cho géc hydrocacbon theo phan ¥ng:

H

l
e 4B == — C—C—
e .
| |
Trong trudng hop xiic tic 1a cic axit Lewis nhu AICl;, mot luong nhé axit chia
H" thudng phai duge thém vao hén hop nhu 1a chat “déng xic tic” dé thic ddy qud
trinh hinh thanh cacbocation.
H
Se— — l + -
_C=C__ +HCI+AICl, =——= — IC — C™—  +AICl,
Néu rugu duge sir dung 1am téc nhén alkyl hod véi su c6 mat cha axit Bronsted,
chiing s& duge proton hod va tao nén hgp chat trung gian cacbocation.

+
ROH + H* = | ROH == R' + H,0
H

Con trong trudmg hop xic tdc dang axit Lewis nhu AlICI;, trudc hét chiing s€
tao phitc vdi rugu va tich ra HCL Chinh phiic nay s& phan huy dé tao thinh
cacbocation.

ROH + AICly == ROAICl, + HCl
ROAICl, == R + "0QAICl,

Nhurge diém cilia céc phan tng dang Friedel Crafts pha 1ong dé 13 ban chat gy
an mon rit manh cla xic tdc, doi héi vat liéu 1am thi€t bi phan ing phai 12 loai dac
biét, chiu duge an mon. Thém vao d6, san phdm alkyl ho# cén duge ti€p tuc xir ly
bang rira kiém va nudc dé loai bd vét AlCl; hodc BF;.
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Céc xdc tdc di thé thudng duge sl dung cho qud trinh alkyl hod 1a Al,O,,
Al;0,/510,, va cédc zeolit. Day 1a nhitng vat liéu cé chifa ca hai loai tam axit Bronsted
va Lewis, cé kha nang xtc ti€n qud trinh tao hop chat trung gian cacbocation trong
phan tng alkyl hod. Vi du, khi alkyl hod benzen bing etylen trén xuc tic zeolit,
etylen hdp phu s& duge proton hod ¢ tam axit Bronsted trén bé mat xic tic tao thanh
cacbocation nhu sau:

Zeol— O'H' + CHy=CH, —= CH;-CH,* + Zeol— O

Budc ti€p theo, cacbocation s& tdn cong vong benzen tao thanh etylbenzen va

tra lai proton cho zeolit.
?21'15

S
CH;-CH," + Zeol— O + O == || P Zeol— O'H"

Zeolit duge xem I[a loai xuc tdc thich hgp cho phan iing alkyl hod hon cdc dang
aluminosilicat vé dinh hinh vi hoat tinh cia ching cao hon va dd chon loc déi véi
mot s3 phan ng cling cao hon. Vi du, khi alkyl hod phenol bang metanol véi su cé
mat clia xic tdc zeolit, phan tram san phdm p-cresol thu dugc 16n hon so véi khi s
dung xic tic Si0,/Al,0; v6 dinh hinh. Diéu nay dugc gidi thich dua trén co s& do
chon loc hinh dang va do axit can bang cla céc zeolit nay.

9.2. ALKYL HOA THEO NGUYEN TU CACBON

Trong sé cé:. phan iing alkyl hod, alkyl hod theo nguyén tir C rdt ¢é gid tri
trong tong hg¢p hifu co cling nhu trong cong nghiép d€ sin xudt cdc hod chit quan
trong, vi du etylbenzen, cumen, alkyl benzen mach thang, alkyl amin, 2,2,4-trimetyl
pentan... Hai dang phan iing quan trong nhat trong céng nghiép dé san xuat ra cdc
hop chéat nay 1a alkyl hod parafin va alkyl hoa hydrocacbon thom.

9.2.1. Alkyl hoa hydrocacbon thom

Phuong trinh phan (ng chung cta qud trinh nay c6 dang:

R
I
O v = e

Xlic tdc cho qua trinh 1a cdc axit, trong d6, hoat tinh cao nhét va duge diing phé
bi€n nhit trong cong nghiép khi sir dung tdc nhan alkyl hod 13 dan xuét clo, 46 1a
clorua nhém (AlCl,). Ngoai ra, cdc xic tdc khic nhu H,SO,, HF ciing thudng duge
sur dung cho cdc phan ng alkyl hod trong pha 1dng, H,PO, dugc st dung cho pha
khi. Va k& tir khi ngudi ta phat hién ra cdc vat liéu ray phan t&r (zeolit) khong nhitng
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chi c6 tinh axit dii manh d¢ thic ddy qu4 trinh tao cacbocation, ma con ¢6 tinh chon
foc hon cdc xic tac 1ong, thi chiing bét ddu dugc sit dung rong rii trong cc cong
ngh¢ alkyl hod méi, ti€n hanh trong ca hai pha (16ng vi khi).

Téc nhan sir dung phd bién trong alkyl hod hydrocacbon thom la ddn xuat clo

" va olefin. Ruou it duge sit dung do tao ra nudc trong qud trinh alky! hod, din dén
phéan huy xuc tic AlCl,.

Co ché clia qua trinh cling bat ddu bing giai doan hinh thanh cacbocation.
Véi tac nhan alkyl hod 1a d&n xuait clo:
RCl + AICl; — AlCl, + RY

V6i tdc nhan la olefin, ¢6 mat HCl:
+

RCH=CH, + AICl; + HC] —» RCHCH; + AICl,
Trong giai doan ti€p theo, vong hydrocacbon thom sé bi cacbocation nay tan
cong thay thé cho mét proton ctia nhan thom.

‘/R ~ R
O o G B n (o

phic « phiic ¢

Benzen 1a mét hydrocacbon thom hoat dong. Duéi céc diéu kién thich hop,
benzen c6 thé duge the béi cde tac nhan 4i dién tir khdc nhau. Khi da alkyl hod, vong
benzen trd nén hoat hod va cic hop chat di-, tri-, polyalkyl d& dang hinh thanh hon.
Tuy nhién, céc san phdm monoalkyl ¢6 thé duge tao ra véi hi¢u suit cao nhit bang
céch tang ty 1¢ benzen/olefin. Benzen c6 thé dugc alkyl hod bing céc olefin thap nhu
etylen, propylen, hoac vdi cdc olefin mach dai (C12-C14) tao ra cdc alkylat cho cong
nghiép chat tdy nia.

Etylbenzen chd y€u duge san xudt tir qud trinh alkyl hod benzen véi etylen. Ca
hai loai qud trinh alkyl hod pha l6ng va pha hoi déu c6 thé duge ap dung. Trong céng
nghé¢ pha léng, xiic tic AICl, duoc xiic tién bdi HCI hodc etylenclorua. Phan ng
alkyl hod toa nhiét va dugc tién hanh & khoang 150°C va 0,5 - 1 MPa.

CH,CH;
AlCl,
O + H,C=CH, ——m»
’ HCl

Dietylbenzen va cic alkylat cao hon ciing dugc tao thanh tir qué trinh alkyl
hod. Tuy nhién, ty 1¢ benzen/etylen cao s& lam gidm lugng polyalkylat va viéc tudn
hoan céc polyalkylbenzen trd lai thi€t bi phan tng s& gidp lam tang hiéu suat
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etylbenzen nhd qué trinh chuyén nhém alkyl.

CH3CH2—©—CH2(:H3 + Q — 2<;>cr{2(:}13

Do chon loc etylbenzen ciing ¢6 thé dugc ting cudng néu han ché dé chuyén
hod cla qua trinh & mifc 50%. Céc qud trinh cong nghé méi nhat sit dung néng do
xdc tic AlCl, thap, ty 1¢ etylen/benzen rét thap, va nhiét do phan Ung cao (khoang
150°C) da cho phép tang d6 chon loc etylbenzen lén dén 99%.

Gan day, Mobil-Badger di thiét k€ thanh cong cong nghé alkyl hoa pha khi sir
dung xtc tdc ran, 16p dém ¢6 dinh. Xiic tac sit dung cho qua trinh 1a loai zeolit
ZSM-5. Trong qua trinh alkyl hod benzen trén xic tic zeolit, cdc phan (ing thi
c4p cling c6 thé xay ra, vi du cracking (zeolit ciing 13 mot xdc téc quan trong cho qud
trinh nay), oligome hod... Do d6, mot s6 alkyl thom thuong khong xuit hién trong
san phdm alkyl hod kiéu Friedel Crafts nhung lai dugc phét hién thay trong qué trinh
nay.

Tuy nhién cic phan ing phu oligome hod va cracking khéng xay ra qua manh
trong qud trinh alkyl hod benzen trén xiic tic ZSM-5. Diéu nay ¢ thé duogc giai thich
trén co s& khong gian tvong déi rong cdc tam axit Bronsted trong ZSM-5.

2 CH,=CH, =—— C4H;

C4Hy; + CH,=CH, =—— C¢Hy;

CeHp cracking 2 C,H,
CH(CHj),
CH;-CH=CH, + ==
C,Hy

an - Q=0

Cumen (isopropyl benzen) ciing ¢6 thé duoc san xuit tir benzen nhd qua trinh
alkyl hoa v¢i propen, va day ciing 1a phuong phip duy nhét dé téng hop loai hop chat

nay.
O- + CHy-CH=CH, =—=

CH(CH,),
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Phdn (ing ¢é thé tién hanh theo cong nghé pha long hodc pha khi. Trong céng
nghé¢ pha long, xic tdc cé thé 13 axit Lewis hoac axit proton. Phan ung dién ra &
nhi¢t do tuong dsi thip (khoang 50°C) va 4p suét khoang 0,5 MPa. Dé giam bét
luong polyalkylat, ngudi ta st dung hén hgp propen/propan, hoac tang ty lé
benzen/propylen. Néu trong thanh phan hén hop ¢é mét luong nhd etylen thi ciing
khong dnh huéng t6i phan ing vi dudi céc diéu kien alkyl hod bang propylen, etylen
hau nhur khong hoat dong. Sy ¢6 mat cha cdc butylen cling khéng gay ra van dé gi
nghiém trong vi céc butylbenzen cé thé dugc tich ra & da - thip chung c4t cumen.
Cdc san phdm phu chi yéu cua qud trinh 13 n-propylbenzen, di-, va tri isopropyl
benzen, nhitng hop chit cé thé dé dang duge tach khéi nhe qua trinh chung cat.

Trong cong nghé pha khi, SiO,/H,PO, hoic H;PO,/kizengua dugc sir dung lam
xidc tdc & nhiét do khodng 250°C va 4p suat khoang 4 MPa. D¢ chon loc tinh theo
benzen ¢é thé dat dén 97%.

Cdc alkylat benzen dugc sir dung véi muc dich 1am chat tdy rira 1a céc alkylat
mach dai, ban ddu duge san xudt tir qu4 trinh alkyl hod benzen véi tetrapropylen. Tuy
nhién, cdc chat tdy rlra duge san xuat tir cdc alkylat nay khong cé kha nang phan huy
stnh hoc do sy phan nhdnh clia mach beén. Alkyl hod benzen bing cic alken C10-Cl4
(mono olefin mach thing) tac ra mét hén hop céc alkylbenzen mach thing (LAB).
Bang qua trinh sunfo hod va sau dé6 1a qud trinh trung hoa, cdc LAB nay dugc chuyén
hod thanh dang alkylbenzen sunfonat mach thing 13 cdc chat tdy rira ¢6 kha ning
phan huy sinh hoc. Céc alken mach thing s dung cho qud trinh alkyl hod benzen
duge tao ra tit qud trinh dehydro hod n-alkan chigt tir céc phan doan kerosen,
cracking sdp, dehydroclo hod cdc n-alkan chéa mét clo, hodc tir qud trinh oligome
hod etylen véi xiic tic Ziegler.

Qué trinh alkyl hod cé thé thyc hién trong pha long v6i xic téc HF & nhiét do
khoang 70°C. Cac xiic tdc khdc nhu HBE, hoac AICl, cling ¢6 thé duge sit dung. Vi
sy ¢ mat clta céc xic tde axit chita proton, cachocation duoc tao thanh va isome hod
lién ket doi c6 thé xdy ra. Tuy thudc vio vi tri clia lién két déi trong olefin lam tdc
nhan alkyl hod, benzen ¢6 thé dinh vi & bat k¥ vi trf ndo trén chudi mach dai olefin.

Trong cong nghé pha khi (UOP), qu4 trinh alkyl hod duge két hop véi qud trinh
dehydro hod n-alkan. Cdc mono olefin (C10-C15) ciing v6i mot s& n-parafin tir phan
xudng dehydro hod duge dn vao thiét b phan tng alkyl hod ciing vdi benzen, véi su
¢6 mat cla xic tdc HF. Benzen du, n-alkan khong phan ing, xic tic HF, alkyl
benzen mach thdng va alkylat mach dai dugc phan tich nhd thip chung phan doan.
Alkylbenzen mach thing duoc tao ra theo phuong phip nay c6 ham lugng olefin thép
va khodng chung cat hep. Céc alkylbenzen sunfonat 1 mot trong s céc chdt tdy rira
anion quan treng nhat, chi€ém khoing 50% tdng nhu c4u chat tdy rira anion.
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9.2.2. Alkyl hoa parafin

Qua trinh nay dugc Gng dung dé€ sdn xuat cdc nhién liéu chi s6 octan cao cho
cdc dong co nén ¢d ¥ nghia 1dn trong cong nghé ché bién nhién liéu.

Phin tmg chung cta qud trinh ¢6 dang:
RH + CH,=CHR' == RR'CHCH;

Piay 12 mot qud trinh toa nhiét va thuan nghich, v6i phan tGng nghich la
cracking hydrocacbon. Vi vay, & nhiét dé thdp (<100°C), phan tng gan nhu khong
thuin nghich ma thuin lgi cho qud trinh alkyl ho4.

Nguyeén lieu cho qua trinh nay 1a cdc isoparafin va olefin mach thing, va san
phdm tao thanh 12 hén hop cac déng phan.

Alky!l hod isoparafin bing céc olefin nhe thudng duge tng dung dé sdn xuit
alkylat mach nhédnh dai ¢é tri s6 octan cao va duge ding lam hén hop pha tron xéang
dé€ nang cao tri s6 octan. Ung dung dién hinh nhat 1a qua trinh alkyl hod isobutan
bang isobuten tao ra 2,2,4-trimetyl pentan. Hop chét nay dugc sir dung nhu mot chit
chuin dé ddnh gi4 tri s6 octan cla cdc loai xang khic nhau. Tri s octan nghién cttu
(RON) ctia hgp chit nay duge quy dinh 12 100 va v6i n-heptan 13 0. Bing cich tron
14n hai hop chdt nay véi nhimg ty 1& khéc nhau, ¢6 thé xdc dinh duge tri $6 octan cla
mau xang.

Cdc xiic tdc duge sit dung cho qud trinh nay thudng la axit sunfuric va axit
hydrofloric khan.

Giai doan dau tién clia qud trinh alkyl hod 1a phan ing cong proton vio olefin,
tao thanh cacbocation. Khi isobuten dugc sit dung lam tdc nhan alkyl hod,
cacbocation tao thanh 13 r-butyl.

s
CH,=C-CH; + H" — (CH;);C*

Cacbocation t~butyl sau dé s& két hgp v6i mdt phan tir isobuten khéc tao thanh
cacbocation méi.

H;
(CH3)3C+ + CH2=C-CH3 —_— (CH3)3C-CH2-C+(CH3)2

Cacbocation méi ndy sé€ tich clia isobutan mét ion hydrit tao thanh 2,2,4-
trimetyl pentan va cacbocation #-butyl.

(CH;);C-CH,-C*(CHy), + (CH3);CH  — (CH3):C-CHy-CH(CH3);  + (CH;),C*
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Cacbocation mdi tao thanh & giai doan cuéi ciing lai k&t hgp v6i mot phan
isobuten, cit nhu the cho dén khi toan bé isobuten trong hén hop phan wng duoc tidu
thu hét.

Ngudi ta cling ¢ thé sir dung 1-buten, 2-buten hodc hén hop ca hai dé alkyl
hod 1sobutan tao ra alkylat cé chit lugng octan cao. HF hoic H,SO, déu ¢ thé su
dung lam xuc tdc cho phan tng. Tuong tu nhu alkyl hod isobutan bang isobuten hay
propen. cdc phan iing cua n-buten ciing xdy ra theo co ché tao hop chat trung gian
ton cacboni. Trong trudmg hop cilia 1-buten, san pham chinh Ia 2,2-dimetylhexan, con
vdi 2-buten, san pham chinh la 2,2.3-trimetylpentan.

Alkyl hod isobutan bang cdc olefin nhe thudng dugc tign hanh & nhiét do thip
(khodng 60°C), dp suit di Ién dé duy ti cdc chdt phan Gng & pha long, tv &
isobutan/olefin cao dé cai thién hiéu suat cling nhu tri 5§ octan clia san phdm alkylat.
Dieu kién ti¢n hanh phan iing alkyl hod véi xidc tic H,SO, va HF duoc dua ra trong
bang 9.1.

Bdng 9.1. Diéu kién phdn itng alkyl héa parafin su dung xiic tdc H,SO,; va HF

Diéu kién qud trinh H,80, HF
Nhiét dé (°C) 2+16 16 = 52
Ty 1¢ isobutan/olefin 3+12 3+ 12
Thoi gian ti€p xdc (phut) 20 + 30 8 + 20
Luc axit (% KL) 88 + 95 80 + 95
Axit trong nhi tuong (% TT) 40 = 60 25 + 80

9.3. CAC QUA TRINH SAN XUAT CONG NGHIEP
9.3.1. Alkyl hod benzen bang etylen san xuat etylbenzen

9.3.1.1. Pdc trung chung cua qud trinh alkyl hod benzen bing etylen

Téng hop ctylbenzen bang phuong phép alkyl hod 1a mot qua trinh thuan
nghich tod nhiét (AH = ~114 kJ/mol). Qua trinh s& xdy ra thuan lgi & dién kién dp
sudt cao va nhiet do thdp. Tuy nhién, dudi 600°C, can bing phan tng d3 dich chuyén
xa sang phai. Cing vdi phan tng chinh, mot s§ phén tng phu ciing xay ra déng thdi,
nhu alkyl hod néi tiép tao san pham polyetylbenzen, tich nhém alkyl, phan bé lai va
isome hod.

O 4p suat khi quyén, alkyl hod benzen c6 thé thuc hién & 500°C. Tuy nhién, dé
han ch€ cdc san pham phu, qua trink thudng tién hanh & nhiét do thap hon va ¢6 thé
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dudi 4p suat. DE thic ddy qua trinh chuyén hod, cdc hé xiic tic thudng dugc sir dung.
Dé nang cao hiéu suft sin phdm chinh, han ché sy hinh thianh cdc dan xuat
polyalkyl, ngudi ta st dung lugng du benzen trong ving phan ing. Phin
polyalkylbenzen s& duge tich va dua di chuyén hod chuyén nhém alkyl. Phan ing
chuyén nhém alkyl nay cling dién ra & diéu kién tuong tu nhu qua trinh alkyl hod, va
tuy thudc loai xtc tdc st dung, ¢6 thé tién hanh ngay trong thiét bi phan dng chinh
hay & thiét bi riéng.

9.3.1.2. Cdc qud trinh sdn xudt cong nghiép

Trén quy mo cong nghiép, ¢6 hai phuong phdp téng hop chinh sir dung cac xic
tac axit, dé la:

* Cong nghé pha long hoac hdn hgp, véi hai loai xidc tac: dang huyén phii hoac
trong pha phan tdn (axit Lewis AlCl;), dang xtc tdc axit rdn mang trén chat mang
{oxy silic-oxyt nhom. H;PO/kizengua, BF3/Al,0; bién tinh).

» Cong nghé pha khi: méi dugc phat trién gan day, sir dung xic tdc ray phén tir.

a) Cong nghé alkyl hod pha long

® Cic qua trinh sir dung xic tac AICl,

Céc qud trinh nay san xuit khoang 85% san lugng etylbenzen trén th€ gidi.

» Diéu kién van hanh:

Axit Lewis chu yéu dung trong cong nghiép dé téng hop etylbenzen I hé
AICL/HCL. Thuc t€, chi can mdt lugng nhod axit clohydric dé hoat hod AICl,. Do d6,
d¢ giam nguy co an mon thiét bi, ngudi ta thudng sit dung chat khoi mao la
etylenclorua, theo co ché phan ing nhu sau:

CH,CH,
I

C,HsCl + @ —_— O + HCl

Trén thuc t&, cc hé xiic tdc duge chudn bi & dang phitc “dd”, it ho tan trong
cdc hydrocacbon, chita 25 + 30% KL AICl; da duge hoat hod, két hop vdi 45 + 50%
KL benzen/etylbenzen va khoang 25% cdc hydrocacbon phan tur lugng 18n. Vi khéi
lwong riéng 16n nén hé xiic tdc ling xudng ddy thiét bi phan dng. Phic xdc tdc nay cé
tinh an mon cao nén thiét bi phan img phai duge 16t mot 16p vat liéu chiu zn mon
hodc thinh thiét bi phai 1am bang thuy :inh.

Thé hé cong nghé ddu tién van hanh & diéu kién 4p sudt 0,15 MPa, nhiét d6 80
+ 110°C. The hé cong nghé thit hai ti€n hanh & diéu kién 4p suét cao hon, khoang
1 MPa va nhiét d6 cao (160 + 180°C) d€ c6 thé thu héi nhiét gidi phéng ra tir phan
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ing va giam lugng xdc tac tiéu thu. Trong trudng hgp thit nhat, phéin trén cda thiét by
phan Ung lam viéc & nhiét d s6i va nhiét sinh ra duge tich di nhd qud trinh bSc hoi
benzen. Benzen sau d6 duge ngung tu trong thi€t bi san xudt hoi dp sudt thap. Trong
trudng hop thit hai, qud trinh trao d&i nhiét niy dién ra truc ti€p trong pha long cua
dong san pham 14y ra canh thép, duoc dua qua thiét bi trao déi nhiét va tuin hoan trd
lai.

Thanh phédn cla dong san pham phu thuéc vao ty 1& mol benzen/etylen trong
nguyén liéu. Ngudi ta xdc dinh dugc rang, diéu kién t6i uu cho hé théng dat duge khi
ty l& nay dao dong tir 2 dén 2,5. Khi 46, alkylat ¢é thanh phan: 41 + 43% etylbenzen,
38 + 40% benzen, 12 + 14% dietylbenzen, 2-3% trietylbenzen, 1,5 + 2% polyetyl-
benzen, 1,5 + 2% céc loai khic.

Polyetylbenzen ¢6 thé tudn hoan trd lai thiét bi phan ting dé tham gia vio qud
trinh chuyén nhém alkyl. Phan ing nay ¢6 thé thuc hién ciing ldc véi phan ving alkyl
hod chinh, bé&i vi AICI; ¢6 vu diém 12 ¢6 kha ning hoat hod ca hai loai qud trinh nay.-

*» (Coéng nghé:

Cac cong nghé dau tién cho dén nay van con duge sit dung trong mot s6 nha
mdy nhé d6 la Dow, Hiils, IG-Farben, Koppers, Scientific Design, Shell, Union
Carbide-Cosden-Badger,... Th& hé cong nghé thi hai gém ¢6 BASF, CdF-Chimie-
Technip, Dow va Monsanto-Lummus.

Su khdc biét gilta cdc cong nghé nay chi y&u gan lién véi viéc sir dung cdc hé
xtic tdc, phan xuong xi ly cdc alkylat, dac biét 1a tdch AICI; du... Hinh 9.1. 1 so d6
nguyén ]y chung cta mot hé théng alkyl hod benzen bing etylen. V& nguyén téc, hé
théng gom 4 phdn chinh sau:

- Lam kho benzen: bing phuong phdp chung déng phi (phi hop hon ca la
chung di ding phi), hoac sir dung vat liéu ray phan tir. Pé thu duoc benzen ¢é ham
lugng nudc thap hon 30 ppm, thip chung phai ¢6 téi thiéu 15 dia.

- Téng hgp: dién ra trong thi€t bi phdn tng c6 16t trong bing gach chiu an
mon. V&i thiét bj phan ing ¢é dudng kinh 2,6 + 2,7 m, cao 12 m, phan xudng c¢6 kha
nang san xudt to1 da 150 nghin tan etylbenzen/nam. Nguyén liéu etylen dugc nén téi
4p sudt yéu cdu, dua vao tit ddy thdp. Tach nhiét phan ing bing tuan hoan pha long
lam lanh ngoai hodc bay hoi benzen. Qud trinh chuyén nhém alkyl cila cdc
polyetylbenzen c6 thé dién ra trong thdp akyl hod hoic mot thap khdc riéng lam viéc
¢ 100°C.

- XU 1y alkylat: Biang k¥ thuat xa khi duéi ap sudt va lAm m4t xuéng 35-40°C,
hai pha s& dugc phan 16p va larg tach riéng. Phan ning chifa phifc xtic tdc & nhigt do
cao hon duge tudn hoan tro lai thiét bi phan Gng. Phan nhe chita mot phan phiic xic
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tic hoa tan dugc xir ly bang nude, kiém hoac amoniac, dam béo etylbenzen tao thanh
khong chita cdc hop chat ¢6 clo va phai dat yéu cdu k¥ thuat déi véi nguyén liéu
dehydro hod sdn xuat styren.

- Tdch cdc cau 1 alkylat: bing chung cat trong diy 3 thdp d€ tich rieng
benzen, etylbenzen va cdc polyetylbenzen.

Tudn hoan banzan

Khl du

ACR Trung hod

hé xoc 1ac

NH)

Chufin bi
Y xae 14

Etylbanzan

Rita khl thu
— hdi banzan

)

Eanzen
o

Lam khb benza

| Chuydn alicy)|)

Esylan

. o f dn hoan pol Téch polyatylbenzen
Cung dich C2HSCI Tudn hean polyatylbanzan L—_, polyaty

Tudin hoan phifc xGc 1éc
frong banzen SP nang

Hinh 9.1. Alkyl hod pha long benzen, véi xiic tdc AICI sdn xudt etylbenzen
® Caic qua trinh sif dung xiic tic ran mang trén chit mang

Vé co ban, cdc qud trinh nay 4éu sit dung cong nghé l;rcmg tu Alkar UOP duge
cong nghiép hoa tir naim 1958. Cong ngh¢ nay sir dung khi cracking véi ham lugng
etylen thap (8 + 10% TT), xiic tdc BF3/ALO; han ch€ t6i da su an mdn vi khong hinh
thanh nén dang axit chifa proton. D¢ chuyén hod mot 1an cha qua trinh duy tri & mic
25 + 30%. Hién nay, cong nghé nay dang cung cip khodng gin 1 triéu tan
etylbenzen/nam. Hinh 9.2 minh hoa so d6 c6ng nghé alkyl hod pha 1ong Akar UOP,

Vi loai xuc tac sir dung trong cong nghé¢ nay khong cho phép tién hanh alkyl
hod va chuyén nhém alkyl déng thdi nén c6 hai loai thiét bi duoc sir dung cho hai
qué trinh:

= Alkyl hod: ti€n hanh trong thiét bi doan nhiét, nhiet d6 dong vao 120 =
150°C, dong ra 170 + 180°C, dp suét 3,5 MPa, dém xiic tic ¢§ dinh Al,O,. Xiic tac
BF; dugc dua vao cung dong nguyén li¢u benzen. Co ché lam viéc cha xic tdc:
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A1,0; + 3BF; - 2AIF, + (BOF), (bay hoi)

* Chuyén nhém alkyl: tién hanh trong thi€t bi doan nhiét, & nhiét d¢ khoang
200 + 210°C, 4p suat 3,5 MPa.

Nén
tuan
haan
-at—{Cl -
#h chita = AL
olefin Gia & ’1
nhiét & .
2 %]
~ c 5
— ™ =3 8
Benzen mdi = &
Lo
=
i T T
= L 4 L J
SP monoalky!
Gia
(2 nhiét
Benzen
tuéin hoan
[ %
[ -
Polyalkyl banzen tusin hodn

finh 9.2. Cong nghé¢ alkyl hod pha Idng Alkar UOP sdn xudt etylbenzen

b) Céng ngh¢ alkyl hod pha hoi

® Cac loai xiic tic cho qu4 trinh

Trong cong nghé nay, c6 ba loai xic tdc da timg duge sit dung, vh mdi loai thé
hién nhimg dac di€ém khdc nhau va yéu cdu diéu kién van hanh khéc nhau.

* Thé hé xic tdc dau tien sir dung 1a trén co sd Al,O,, sl dung cong nghe
Koppers tir nhitng ndm Chi€n tranh th€ gidi thit hai. Diéu kién van hanh cia hé thong
fa 310°C, 6 + 6,5 MPa, khong cho phép ‘alkyl hod va chuyén nhém alkyl tién hanh
- dong thoi. .

* Dén nhiing nam 1960, EI Paso sir dung h¢ xic tdc H;PO,/kizengua, 1am viéc
d 325°C, 6 MPa, ¢é kha nang xiic ti€n cho ca qué trinh alkyl hod va chuyén nhém
alkyl. Tuy nhién x1c tdc mat hoat tinh nhanh do qud trinh cracking va tao céc.

* Tunam 1980, Union Carbide va Mobil da nghién citu va 4p dung thanh cong
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-3 o
xtic téc zeolit cho céc qud trinh alkyl hod céng nghiép. Cong nghé Mobil-Badger sir
dung xic tdc ZSM-5 (rdy phan tu), ti€n hanh & 400 + 450°C, 4p suat trung binh,
khong gay in mon ddng ké.

® Congnghé Mobil-Badger
So d6 nguyén 1Y cha cong nghé nay duge mo ta trén hinh 9.3,

Bonzon Tuén hoén banzen
*— . =
Etylen ﬁ
5 etdbenzen
Thi&t bj &
phan (mg B
Gia nhiét . =
sdbd E
h—
Etylon
Gia nhigt
r
i iSa%un xudt hoi
E ] SPnang
Tuan hoan polyetylbenzen =&

Hinh 9.3. Cong nghé alkyl hod pha hoi Mobil-Badger san xudt etylbenzen

So d6 gém hai phdn chinh:

* Téng hop: Hoén hgp benzen méi va benzen tudn hodn cung véi polyetyl-
benzen tudn hoan trd lai duge dua vao thi€t bi phan tng tir phia trén dinh thdp.
Nguyén ligu niy da duge gia nhiét nhd trao di nhiét v6i dong san phdm ra khoi thiét
bi phan ung, sau dé dugc hod hoi trong 10 gia nhiét. Liic ndy, mét phan etylen duoc
tron cung dong nguyén liéu. Thiét bi phan tng cé chita mét vai 16p dém ray phan tir
(thuwdng 1a 4), gita ching, cdc dong etylen va benzen lanh duge ddn vao dé kiém sodt
nhiét d6 ving phan tng do ban chit toa nhiét cia qua trinh alky hod.
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» X ly dong san phdm: theo phuong phap chung phan doan trong mét loat
cdc thdp. Thdp thit nhdt tdch benzen va cdc san pham nhe & dinh. Thdp thit hai tich
cdc hop chit C7 & dinh va C8 & ddy. Hai thdp chung tiép theo dugc sir dung dé phan
tich cdc hgp chat C8, tich etylbenzen va tuin hodn polyetylbenzen trd lai thiét bi
phan tng.

9.3.2. Alkyl hoa benzen san xuét cumen

Trong cong nghiép, ¢é rat nhiéu k¥ thuat khdc nhau duge sit dung dé thuc hién

phan ttng alkyl hod sdn xuit cumen. Tuy nhién ching déu tuan theo nhitng nguyén

tac tuong tu nhu d6i v6i qué trinh alkyl hod san xuat etylbenzen. Cdc cong nghe nay
sir dung cdc loai xic tic sau: =

* AICl;, tién hanh ¢ 10 + 95°C.
* H;PO, ¢6 hoic khong cé chit xic tién mang trén chit mang ran.
* Bentonit, dugc hoat hod axit, cho phép tién hanh phan 4ng & 70 = 105°C.

* Aluminosilicat, sir dung & dang tuong tu xtic tic cracking, lam viéc & 200°C.

Tuin hodn benzen

= = X3
Nude r Tu#in hodn propan Fkop;;n
- Hai LP Hal LP
i
L - . g 5
S : : :
B a2 [+ ] ¥ =
E o 2| cumen(39,9%)
| =3 L] =
’ 5 o 5
a
L . = _§ =
O
Thiét bj
alkyl hoa T %f T?{] I— é%
r
3 | Thai
= > d
® Benzen
FropylenfPropan

Hinh 9.4. Céng nghé UOP alkyl hodbenzen bdng propylen sdn xudt cumen
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V4i quy mo cong nghiép, axit photphoric 12 loai xiic tdc chil yéu duge sir dung
trong qud trinh tdng hgp cumen. Trong cdc nhi mdy sir dung cong nghé nay, cic tic
nhan phan tng dugc Iuy chuyén hodc tir trén xudng dudi (k§ thuat cd) hoac tir dusi
1én trén (k¥ thuat mdi). Nguyen liéu propylen ¢6 d¢ tinh khiét 92% KL duge bé sung
thém propan tuan hoan dé tao thanh hén hop véi ty 1é mol 1/1 & dong vao thiét bi
phan ting. Tai day, benzen mdi va tudn hoan ciing duge tron ciing hén hgp nguyén
liéu sao cho ty 1¢ mol benzen/propylen tir 8/1 + 10/1 dé han ché€ sy hinh thanh céc
polyalkyl benzen va cic polyme.

Hoén hgp nguyén liéu duoc gia nhiét va dan vao dinh thiét bi phan ng c¢6 chita
cdc lop dem xuc tic H,PO,/kizengua duge xic tién biang BF; (theo cong nghe UOP)
lam viéc ¢ 190 + 200°C va 3,5 + 4 MPa (hinh 9.4).

Toc do LHSV tinh theo benzen la 1,5. Propan ¢6 chita mot lugng nhd nudc
(300 ppm) dugc dan vao giita cdc 16p dém xic tdc dé€ kiém sodt nhiét phan tng. San
phdm phan ng sau khi duge loc, propan duge phan tich trong thiét bi khir propan va
tuan hoan mét phédn trg lai thi€t bi phan dng. Benzen du va cumen ¢ do tinh khiét
99% KL duoc thu héi trong cdc-thdp chung cat 30 dia. Cumen san phim s& c6 chija
khoing 1200 ppm tap chit (0,02% etylbenzen, 0,05% n-propylbenzen, 0,05%

butylbenzen). Hiéu suat qua trinh tinh theo benzen 1a 96 + 97%, vi tinh theo
propylen la 91 + 92%.

9.3.3. Alkyl hoa benzen san xuit alkylbenzen mach thing (LAB)

D¢ san xudt chat tdy ria mém (loai LAB), nguyen liéu diu thudng 1a cic
parafin mach thang C12 + C16 va benzen. Tuy nhién, ddu tién phai xir Iy n-parafin
thanh dang hoat dong cho qua trinh alkyl hod. Cé6 hai phuong phdp thudng dugc sir
dung trong céng nghiép:

* Clo hod parafin, sit dung chiing lam tdc nhan cho qu4 trinh alkyl hod ¢é mat
xtic tdc AlCl,.

= Dehydro hoa ¢6 xiic tac céc parafin thanh olefin va sit dung ching che qua
trinh alkyl hod ti€p theo, véi su ¢é mat cha xic tic HF.

Trong coéng nghiép, phuong phdp thit hai duge chugng hon ca vi tinh vu viat vé
kinh t€ clia né. Ngudi ta cling ¢6 thé sir dung dang a-olefin hinh thanh tir qud trinh
oligome hod etylen lam tdc nhén alkyl hod, nhung phuong phdp nay hi€ém khi dugc
ap dung trong cong nghiép vi gid thanh nguyén liéu cao.

Hinh 9.5 minh hoa mot.cong nghé dién hinh ctia UOP san xuit chit tdy ria
theo phuong phéap alkyl hoa.
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Hinh 9.5. Cong nghé alkyl hod UOP sdn xudt alkylat tdy rita sit dung xiic tdc HF

Coéng nghé nay két hgp hai qud trinh dehydro hod n-parafin va alkyl hoa
benzen. Céc mono olefin hinh thanh tir phan xudng dehydro hod duge dua vao thiét
bi alkyl hod 16p xiic tdc ran ¢ dinh. Céc qud trinh cii sit dung xuc tac 1a HF va tién
hanh trong pha long & nhiét dd khoang 40 + 70°C. Céc parafin khong tham gia phin
iing dugc tudn hoan tré lai phan xudng dehydro hod. San phim chinh clia qud trinh
alkyl hod 12 alkylat mach thing va mot lugng nho alkylat phan tir lugng 16n tao thanh
tir qud trinh alkyl hod diolefin. Loai sdn phdm phu nay ciing ¢é thé dugc thu hdi va
str dung 1am cdc chat tdy rira diic biét cho cong nghiép ddu boi tron. Alkylat mach
thang dugc chuyén sang phén xudng sunfo hod bang SO;, va sau khi trung hoa bing

NaOH, sén phdm thu dugc 12 alkylbenzen sunfonat mach théng, chat hoat déng chinh
trong thanh phin chat tdy ria.
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Chudng 0
TONG HOP OXO VA CACBONYL HOA

10.1. GIGI THIEU CHUNG

Tong hop Oxo va cacbonyl hod 12 qud trinh phan ting cta cdc hop chét hitu co
vél mono oxytcachon cé mit tic nhan nucleophil va xic tac thich hop dé tao ra cdc
san phdm nhu aldehyt, axit cacboxylic, este, xeton... Tinh linh hoat cha loai phan
ing nay da dan dén rat nhiéu nhitg Ung dung cong nghiép quan trong. Nhiéu phin

\ng trong 50 nay con cd tén riéng.
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Céc qud trinth quan trong nhét phai ké dén, dé 1a:
® Téng hgp Oxo (hay hydroformyl hod): san luong 5 triéu tdn/nam

. [Co, RY]
- R*CH:CHz + CO + H2 — - R-CH?_-CHz-CHO

® Cacbonyl hod olefin (hay hydrocacboxyl hod): san lugng 50 nghin tdn/nim

. [Co,Ni ] .-
R-CH=CH, + CO + H,0 '~ ' R-CH,-CH,-COOH

Cacbonyl hod oxy hod etylen:

[ Pd, Cu
CH,=CH; + CO + 1/20, —— CH,=CH-COOH

® Cacbonyl hod axetylen (phan (ng Reppe):

Ni
HC==CH + CO + H,0 ———, CH,=CH-COOH

OH

[Co, Ru-Rl-] l\
2HC=CH +3CO + H)0 —0 m () + CO,
=
i
OH

® Cacbonyl hod metanol:

| Co, Ry
CH,OH + CO 255! CH,COOH
® Ding ding hod metanol:

[ Co, Ry
CH;0H + CO +2H, "2 CH;CH,0H + H,0



® Ddng ding hod formaldchy{:

Ru +
HCHO + CO +2H, [___L HOCH,CHO j.- HO-CH,-CH,-OH
® Chuyén hod khi t8ng hgp thanh etylenglycol:
[Rh, RyJ
2CO + 3Hy ——= HO-CH,-CH,-OH
® Hydrocacbonyl hoa propen (Reppe):

2 CH;-CH=CH, + 2 CO + 4 H, [Ff(%il CH,-CH,-CH,-CH,-OH + CH3-(]3H-CH3
’ CH,-OH

Qua trinh cacbonyl hod thudng dugce xiic tdc trong pha 1ng bdi cde phite kim
loai chuyén ti€p. Cac phic cacbonyl truyén th6ng cia niken, coban duge sir dung
nhu 12 nhitng xdc tic dong thé. Cdc cong nghé hién dai st dung céc phitc ciia rodi va
d6i khi 1a ruthen;.

Trong s6 tat cd cdc qud trinh k€ trén, phan ing Oxo 13 quan trong nhat. Qud
trinh cacbonyl hod metanol sit dung xic tic rodi iodua chi€m vi tri thi hai. Day 1a
qua trinh trong d6i méi nhung ngudi ta hy vong ring qud trinh nay sé nhanh chéng
chi€m mot vi tri quan trong trong céng nghiép sin xual axit axetic trong tuong lai.
Cdc qud trinh khdc duge dp dung trong cong nghiép véi quy mo nhd hon hodc méi
chi & giai doan thit nghiém. Trong nhiing nam 1970 va dau 1980, khi gid ddu tho lén
cao, cdc phan tng dang déng ding hod metanol va téng hop glycol ciing di timg thu
hiit dugc nhiéu sy quan tdm chi ¥ clia cdc nha san xuét céng nghiép.

10.2. QUA TRINH TONG HOP 0XO
10.2.1. So luge vé qua trinh hydroformyl hoa (t6ng hop Oxo)

Téng hgp Oxo hay hydroformyl hod 1a phan ng clia mot olefin véi cacbon
mono oxyt va hydro. Ban chat cla qud trinh 12 cong hgp hydro va nhém formyl
(-CHO) vao lien két doi cta olefin khi hydrocacbon nay duge xir 1y bang hdn hop CO
va Hy ¢6 mit xuc tdc coban. Vi olefin bat d6i xing, phan img s& din dén su hinh
thanh hai aldehyt va c6 th€ duge hydro ho4 ti€p tao rugu tuong dng. Pay 1a mot trong
nhitng qua trinh xic tic déng thé quan trong nhit hién nay véi khodng 5 triéu tdn san
phdm Oxo dugc san xuit hang nam.

Hydroformyl hod 1a qua trinh xic téc déng thé sir dung phitc phdi tri clia coban
v6i olefin. Chdt ddu tao ra xic tic 14 mudi coban dugc chuyén hod ngay tai ché, véi
s ¢6 mat clia CO va hydro tao thanh cic dang hoat tinh coban tetracacbonyl hydrit
cin bang véi coban tricacbony! hydrit. Dang coban tricacbonyl hydrit ¢6 vi tri phoi
tri tréng, c6 kha nang tao phitc véi olefin. Olefin tham gia chuyén hod hod hoc véi
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dang hop chat nay va tao thanh hai déng phan aldehyt, véi ty 1& dang mach thing 16n
gdp 4 lan mach nhanh. Trong trudng hop nguyén licu 1 propylen, hai san phim thu
dugc 1a butyraldehyt va isobutylaldehyt.

10.2.2. Co ché xtc tac cho phan iing hydroformyl hoa cita cacbonyl coban

Cacbonyl coban la xiic tic ddu tien dige st dung cho qua trinh hydroformy! hod.
Co ch€ phéan ing da duge rat nhiéu nha khoa hoc nghién ciiu va cho dén nay, chudi
phan ung chung da hoan toan 13 rang. Tuy nhién, mot s chi tiét trong co ché phan ing
Van cdn gay tranh luan.

Co sd chia cdc cudc tranh ludn 13 & co ché do Heck va Breslow dé xuat diu
nhiing nam 1960, gébm cdc budc co ban: hinh thanh phitc alkyl R-Co(CO),, phirc axyl
R-CO-Co(CO),, va cusi cung 1a aldehyt R-CHO. Chudi phan tng nay xudt phat tir
cac thi nghiém ty lugng, trong dé, s6 lugng mol olefin va s6 lugng mol tetracacbonyl
hydrit coban bang nhau duge trdn 14n trong méi trudng CO.

172 COz(CO)g HCO(CO)4
RCHO
+H, + olefin
R-CO-Co(CO),4 R-Co(CO),

Céc qud trinh hydroformyl hod céng nghiép sir dung xiic tic coban thudng
duge ti€n hanh & nhiét do cao va 4p suat cao. Do d6, ngudi ta vin chua chic chin
lieu cdc ket qua cla cdc thi nghiém ty lugng c6 thé xay ra tuong ty trong diéu kién
ap suat cao hay khong. Tuy nhién, phd hong ngoai véi cdc cuvet chiu dp suat dd hoan
toan khdng dinh co ché cila Heck va Breslow. Do tinh chét quan trong cha qud trinh
tong hgp Oxo, co ché clia né ¢ dvoc dé xuit chi tiét hon.

Trong giai doan diu tién, dicoban octacacbonyl hoic cdc mu6i coban khic
dugc chuyén hod thanh tetra cacbonyl hydrit coban, 12 chat mang hoat tinh xtc tac.

Coy(CO) + H; === 2 HCo(CO),
2Co(OOC-R); + 3H; + 8CO === 2HCo(CO),; + 4 RCOOH
Dang tetracacbonylhydrit coban & trang théi can bang vdi tricacbonyl hydrit coban.
HCo(CO); === HCo(CO); + CO

Phifc chura bdo hoa vi tri phdi tri nay tao thanh phitc nt véi olefin, dang hop chat
trong moi trudng CO s& bi€n doi thanh alkyl tetracacbonyl goban chia lien két o.
Day 1a giai doan quyét dinh phan b6 ddng phan clia sin phdm vi ca hai dang phic
mach thang va mach nhénh déu dugc hinh thanh.
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R-CH=CH, + HCo(CO); === o
il Co(CO)3
C\ |

< H
H\ /H R H
C
2 I Co(CO); +2CO === R-CH;-CH,-Co(CO), + R-(!:H-CO(CO) 4
I
/C\ H CH,
R H

Budc ti€p theo la syt hinh thanh cta phiic axyl, hay thudng duoc biét dén nhu 1a
su dinh nhém CO. Tuy nhién, trong thuc t€, né la phan tng di chuyén nhém alkyl
nhu dd duge chiing minh béng thi nghiém ddnh ddu déng vi.

0
(IjO co R—c”
R— C0< _ (|:O/ co

Co T
|c0 | ™co
Co

Axyltricacbonyl coban dugce tao thanh ban ddu c6 thé phan tng véi CO dé€ tao
thanh axyltetracacbonyl coban tuong d6i bén hoac phan iing véi hydro dé tao ra
aldehyt va tricacbonyl hydrit coban, hgp chdt khéi diu mot chu trinh xic tic méi.
Thi nghiém ty lugng da chi ra rang axyltetracacbonyl coban ¢é thé phin iing véi
HCo(CO), dé tao thanh aldehyt va octacacbonyl dicoban. Tuy nhién, gan day, ngusi
ta di chi ra ring, dudi diéu kién 4p sust va nhiét do cao clia céc qud trinh céng
nghiép, phan itng cua phiic axyl véi hydro ¢6 vai trd tréi hon trong qué trinh hinh
thanh aldehyt.

0O

R— % +CO Q
| _co R-C-Co(CO),
Co
CO + HCo(CO
I ~ co l o(CO),
co 0
+H,; R-C-H + Coy(CO)g
1o 7
Ne— C0< — R-C-H + HCo(CO)s
I | “co
0O (o
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Sy hinh thanh cla cdc sén phdm phu c6 thé dugc giai thich xdy ra cling véi cac
phan Ung trén. Qud trinh hydro hod olefin xay ra do phan tng cla phic alkyl véi
hydro:

R-Co(CO)y + H — R-H + HCo(CO),

Mot phan tng phu quan trong khdc d6 1a qua trinh hydro hod axetaldehyt tao
thanh rugu tuong ing. Trong mot s6 qud trinh cong nghiép, phin ing phu nay duge
sir dung mot cdch thin trong dé€ tao ra butanol tir propylen qua butyraldehyt ma
khong can phan lap aldehyt. ‘

f O o, HCo(CO), R-CH, OH
H

Co ché€ phéan tng trén cdc xtc tdc khdc ciing tuong tu nhur co ché ciia Heck va
Breslow. San phdm mach thing duoc hinh thanh troi hon c¢é thé duoc giai thich nho
su két hop cha cdc hiéu ving dién tr va khong gian. Hiéu tng khong gian ¢é thé dugc
nhan thdy d& dang nhd quan st sy bién ddi tir phife © thanh phic alkyl, khi mét ligan
phosphin ¢6 mat trong phitc.

R-C

H-Co H— Co/
| Tco | T™~co
CO CO
-PR,
HRh(CO)PR;); === HRh(CO)PRj), + PR,
, +PR,
Hz | - RCHO + CH,-CH=CH,
O
[ CH; _
R-C-Rh(CO)(PR3), CH=CH, _ pp
| / 3
DY
R-Rh(CO)(PR;), ~—— (I:o PR,

10.2.3. San xudt cong nghiép

Mot 56 qud trinh Oxo thuong mai hién dang hoat dong st dung xic tic +oban
hoic rodi. V6i xuc tdc coban, nhiét d6 yéu cau cho phan tng 1a khodng 150°C, do dé
can c6 4p sudt hoi rieng phan CO cao dé bén hod xiic tdc. Vi vay, 4p suét khi téng
hop thuong s dung 13 30 MPa. Trong cong nghé Shell, tributyl phosphin dugc bé
sung vao xuc tdc coban dé hinh thanh nén dang HCo(CO),PR, tai chd tuong doi bén.
Do d6, chi cdn dp sudt riéng phin ctia CO thap va dp suat khi téng hop khoing SMPa
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la du duy tri hoat dong cha hé théng. Tuy nhién, xic tdc coban bi&n tinh phosphin
nay kém hoat dong hon so véi xic tdc cacbonyl coban khong bién tinh. Vi vay, dé
dat dugc téc d6 phan tng thich hgp, cdn duy tri nhiét do hé théng cao (180°C). Viéc
kham phd ra xdc tdc méi rodi cta hing Union Carbide da tao nén mét sy thay déi 16n
trong cong nghé Oxo. Xic tdc nay bén, rat hoat dong va cé do chon loc cao d6i véi
dang sin phdm mach thang. N6 lam viéc dudi cic diéu kien mém hon so véi cong
nghé sir dung xtic téc coban. Cic uu diém nay da gidp xic tic rodi vuot qua duge
mat bét lgi clla né vé kinh € do gid thanh cao.

Qué trinh t8ng hgp Oxo 16n nhat d6 1a hydrormyl ho4 propen tao ra ¢dc butanal
nhu 13 san phdm so cdp. C4 hai loai dong phan c6é thé déu dugc tao thanh, nhung
n-butanal 12 san phdm cé gid tri hon. N6 s& ti€p tuc dugc hydro hod tao thanh
n-butanol hodc chuyén hod thanh 2-etyl hexanol nh& phan ting ngung tu aldol va sau
d6 hydro hod. Cic rugu tao thanh duge sit dung lam dung mdi hodc quan trong hon,
la 1am chét hod déo cho polyvinyl clorua (PVC). V6i mue dich nay, chiing thuémg
duge chuyén hod thanh céc dang phtalat tuong (ng nhd phan tng véi anhydrit phtalic.

CH,;-CH=CH, + CO + H, —» CH;3-CH,-CH,-CHO
XU tac
: CH3-(EH-CH3

xuc tac CHO
CH;-CH,-CH,-CHO + Hy —» CH;-CH,-CH,-CH,-OH

2 CH;-CHy-CH,-CHO + H, —2a CHy-CH,-CH,- CH,_-(IZH CH,OH

O 0 CHz—CH:;
Il
~C~ - C O-CgHyy
2 CSH”OH -+ O Qo — O + H20
~c” c 0-Cg-H,5
Il
O O

Bdng 10.1. Cdc qud trinh hydroformyl hod propylen thuong mai quan trong

Qud trinh Xic téc Diéu kién Sén pham
Ruhrchemie Co?*, Co® 150°C, 30 MPa 70% mach thang
BASF HCo(CO), 150°C, 30 MPa 70% mach thang
Kuhlmann HCo(CO), 150°C, 30 MPa 70% mach thang
ICI Co®* Ap suit cao 70% mach thing
Shell Co/PR, 180°C, 5 MPa 88% mach thing
uce HRh(CO)(PPh,), | 100°C, 3 MPa 94% mach thing
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Bang 10.1 cung cap mot s6 thong tin vé cdc qud trinh cong nghé tdng hop Oxo
hién dang duge sir dung trong cong nghiép.

10.2.3.1. Hydroformyl hod propylen

Téng hop Oxo véi nguyén lieu propylen dién ra & cdc didu kién sau: nhi¢t do
110 + 180°C, ap suét 20 + 35 MPa, ty 1€ mol CO/H, tir 1/1 dén 1/1,2, thoi gian luu
1 + 5 phit, xuc tic 0,2 + 1% KL so véi propylen. Xic tdc coban van 12 loai duge st
dung rong rii nhat trong cong nghiép cho qué trinh téng hgp nay (BASF, ICI. PCUK
vi Ruhrchemie). Vi dang aldehyt mach thing c6 thi trudng tiéu thu 1én hon dong
phan iso, cdc diéu kién cong nghe duge diéu chinh dé ting ty 1& n-/fiso-. Diéu nay
phin nao ¢é thé dat dugce bang cich ha nhiét do phan dng, ting dp suit CO hoac bién
tinh xuc tdc.

Dé tang ty 1¢& n-fiso lén 9/1, hing Shell dd st dung xic tdc coban hydro-
cacbonyl the biang phosphin (HCo(CO);P(n-C,H,),). Phan ting duoc thuc hién & nhiét
do 180 + 200°C va 4p suét 5 + 10 MPa. Tuy nhién, hoat tinh clia hé xidc tdc nay con
thdp va ¢6 xu huéng tao diéu kién thuan lgi cho cdc phan ung phu hydro hod olefin
va aldehyt hon [a xic tic thong thudng.

Coban con ¢6 thé duge thay the bang rodi ma hoat tinh xic tdc cla né 16n hon
100 + 10000 ian, nhung do gid thinh cao nén phéi tudn hoan lai todn bg xuc tdc. Tuy
nhién qud trinh ndy tuong d6i khé thuc hién. Hon niia, ty ié n-/fiso- khéng cao va
giam tir 4/1 d6i v6i coban khong bi€n tinh xudng 1/1 véi loai xic tac niy. Tuy nhién,
nhd bién tinh cacbonyl rodi bang triphenylphosphin, hang Union Carbide da thanh
cong trong viéc phdt trién hé xic tdc ndy v tao ra ty 1& san phdm mach thing 16n
hon nhiéu (n-/iso- = 10/1) trong diéu kién phan tng rat mém (nhiét do 60 + 120°C,
dp sudt 0,1 + 5 MPa).

Trong cong nghé Ruhrchemie (hinh 10.1), propylen, xdc tdc tudn hoan vi xiic
tac méi dugc dua cling mot kdc vai khi téng hop (H, + CO) vao thiét bi phan tng.
Thi¢t bi nay la dang da ting c6 1dp vo duge 16t bén trong bing thép hop kim cao,
dugc trang bi h¢ thong khuay tron hiéu qua va ding d¢ tich nhiét sinh ra do phan
ing (AH®y, = ~125 kJ/mol). Nhiét ndy dugc tan dung dé sin xudt hoi dp sudt thap.
Dong san pham duge chuyén dén thigt bi tich coban, tai day coban ling xudng do xa
nhanh va cit nhe. Kim loai dugc phan tich ra nho ly tam, hé xidc tic duoc téi sinh,
roi tudn hoan trd Iai thi€t bi phan dng. Ddng sin pham khong cdn 1an xdc tdc chua 80
+ 85% KL n- va iso- aldehyt v6i ty 1¢ 4/1, cdc rugu tuong tng, butyl format vi rat
nhiéu hop chét tao thanh tir cdc phan ¢ng phu nhu ngung tu aldol, axetal hoa, hydro
hod, dugce chuyén t6i day thdp chung déu tién dé tich cdc cdu tir nang. Hén hop céc
n- va iso- aldehyt dugce hydro hod thanh cédc rugu tuong Ung. Qud trinh tién hanh &
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5 = 10 MPa, 150 + 200°C, véi su ¢6 mat clia xiic tdc dong hodc niken. Sdn phim
hydro hod tiép tuc duge chuyén téi diy thap chung thit hai tdch cdc cdu tif nhe va hai
rugu. DE ting cudng hiéu suit rugu, cdc san pham nang duge dira vao mot thiét bi x&r
1y cracking hydro hoa dac biét.

Mic di dd c6 nhitng cdi thién vé ty 1€ n-fiso-, déng sin phim isobutyraldehyt
cé rat it tng dung vin gdy nhimg trd ngai vé kinh t€ cho qud trinh. Do dé,
Ruhrchemie da dé nghi mét cong nghé ¢d ¢d phan xudng cracking xic tdc isobuty-
raldehyt va tuan hoin cdc san phdm cracking (propylen, CO va H,).

Néu hydro dugc thay thé bing hoi, ¢6 thé thu dugc mét hdn hop gom cht yéu
la cdc butanol. Pay 12 cong nghé cia BASF (t6ng hop Reppe) hién dang dudc st
dung tai mot nha mdy & Nhat Ban. N6 tao ra dong san pham cé chita 88% n-butanol
va 12% isobutanol. Phan @ng chinh lién quan, dé la:

CH;-CH=CH, + 3CO + 2H,0 — C,H,OH + 2 CO,
AH%QB = — 240 kJ/mol

He¢ théng 1am viéc & 100°C; 1,5 MPa, ¢6 mait xdc tdc pentacacbonyl sit, butyl-
pyrolidon va nuéc.

Khi du

Hoi dp zudt thdp

*+—q7

=)

Khi 18ng
hap

n-butansi

-1 Téi sinh
26 18c

Tach n butanof

&l

sP
nang

Hinh 10.1. Céng nghé Ruthrchemie 1ong hop Oxo sdn xudt cdc rieou butanol
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10.2.3.2. Hydroformyl hod cdc olefin sdn xudt ritou cao

Hydroformyl hod hay téng hgp Oxo duge dp dung cho propylen vi buten dé
san xudt cdc rugu nhe ciing hoan toan ¢é thé sir dung cho muc dich san xuit rugu cao
tr cdc olefin mach dai. V6i céc loai olefin ndy, qua trinh isome hod lién két doi ¢6
thé din dén tao thanh mot lugng 16n cdc déng phan aldehyt. Hon nita, su tén tai cla
cdc mach nhdnh dac biét 1a cidc nhém gén véi n6i doi, lam gidm ding ké t6c do
hydroformyl hod. Cédc aldehyt tao thanh s& duge hydro ho4 ti€p thanh rugu.

Ngoai propylen ¢6 thé sir dung 1am nguyén liéu cho sin xuft 2-etyl hexanol,
céc olefin chi yéu khac duge sir dung trong qud trinh téng hop Oxo tao ruou cao cé
thé thu duge tir cdc ngudn nhu cracking sdp parafin, oligome hod etylen, dime hod
cdc olefin nhe, oligome hod propylen va cdc buten c6 mit xic tdc axit phosphoric,
dehydro hod n-parafin.

® Phan (ng tdng hop 2-etyl hexanol
Tong hgp 2-etyl hexanol bao gém qud trinh ngung tu cha butyraldehyt, sau dé
dehydrat hod va hydro hod aldol. Butyraldehyt ¢6 thé nhan dugc hodc bing phuong
phdp ngung tu aldol cha axetaldehyt hoac bang phuong phap tdng hop Oxo trén co s&
propylen. Phuong phdp thit hai nay dugc sir dung rong rii hon cd. Cic phan ting ¢6
kha nang xay ra dugc tém tét trong so dé sau:
Nguyén liéu etylen

+0
2C,Hy —»  2CH;-CHO —» CH;-CH(OH)-CH,-CHO
¢ -H,0

CH3-CH=CH-CHO
CH;-CH,-CH,-CHO

Nguyén liéu propylen

+CO + H,
CH,;-CH=CH,

¢

2 CH;-CH,-CH,-CHO ——» CH3-CH2-CH2-CH(OH)-CIH-CHO

* - HZO CHz-CH:;
CHy-CHy-CHy-CHy-CH-CH,0H S o CHy-CHy-CHy CH=C-CHO
CH,-CH, ‘ CH,-CH;,
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Qud trinh ngung tu aldol clia butyraldehyt xay ra v6i sy ¢6 mat chia NaOH, hoat
dong nhu mét xdc téc (cong nghé Ruhrchemie). Trong trudng hop nay, hé théng van
hanh & 80 + 130°C va 0,3 + | MPa. Khi tich lién tuc mot phan t nude s& tao ra
2-etyl hexenal, va sin phdm ndy s& duge tiép tuc hydro hoi vdi sy c6 mat cla xiic tic
niken & 100 + 150°C va 5 + 10 MPa d¢ tao thanh 2-etyl hexanol.

® Cong nghé Aldox

Day la phuong phép t8ng hop 2-etyl hexanol két hop hydroformyl hod olefin v
aldol hod aldehyt tao thanh trong cing mot giai doan. Céng nghé Aldox dugc Exxon
sir dung tai My, Nhat, va Shell 4p dung tai Anh v M§. Qua trinh nay vé 1y thuyét cé
kha nang 4p dung d€ san xuit cdc rugu mach nhénh cé khéi luong phan tir 16n khic.
Tuy nhién, d6i vdi cdc olefin cao hon propylen, d6 chon loc rugu gidm do moét hrong
I6n céc phan ¥ng aldol hod ngang xay ra giita cdc aldehyt. So d6 cong nghé Aldox
san xudt 2-etyl hexanol dugc mé ta trén hinh 10.2.

Tinh Tinh

Idahy1 Idahy1
220 vA P thap |, SP nha 5P nha a

n-butsnol

CO +H2

Axit
azatic 2-atyl haxanol

jze-butanol

Propylan

Hydro
hod

aldahy1

Téch $P pha

Hinh 10.2. Cong nghé Aldox sdn xudt 2-etyl hexanol

Qua trinh chuyén hod dva trén cd ché chung sau:

Hydroformyl hod:
R-FH-CHO
Co

R-CH=CH, + CO + H, —» CH,
R-CH,-CH,-CHO
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Aldol hoa:
2 R-CH,-CH;-CHO  —- R-CHz-CH2-|CH-(|L‘H-CHO

OH CH,-R
Dehydrat hoa:

R-CH,-CH,-CH-CH-CHO Zn R-CHz-CHz-CH=(|2—CHO + H,0
I —

OH CH,-R CH,-R
Hydro hod:
R-CHz-CHz-CH=(|3-CHO +H, — R-CHZ-CHZ-CHz-FH-CHO
CH,-R CH,-R

B6i v6i qud trinh nay, mot chat dong xic tdc duge thém vae xic tdc
hydroformyl hod dé tang cudng phéan itng aldol hod. Chat déng xidc tdc nay ¢6 thé Ia
axetyl axetonat kém hodc etylat magie, sit dung cho hé xic tdc coban khong bién
tinh. Hang Shell sit dung kali bd sung cho xtc tdc coban bién tinh bing phosphin.

10.3. CACBONYL HOA OLEFIN

Olefin phén iing véi CO véi su ¢é mat cla tdc nhAn nucleophil dang HX sé& tao
ra cdc dan xuat axit cacboxylic. Loai phan ing nay dugc dat tén 13 Reppe theo tén
cia nhd khoa hoc phat minh ra né. Cic xic tic st dung cho qud trinh nay la
cacbony! kim loai hoac cac phtic kim loai quy ¢6 chira CO.

20
CH,=CH; + CO + HX ——» CH3'CH2-C\ X

trong dé X = -OH, -OR, -8R, -NHR, -O-%—R,
O

Xic tic cho qud trinh nay cé dang: Ni(CO),, Fe(CO)s, Co,(CO)y, phic Rh-,
Ru-, Pd-.

Néu HX 1a nudc, phan ing duge goi 1a hydrocacboxyl hod va san phdm 12 axit
propionic. Phan ung nay xay ra ¢ 24 MPa, 300°C va xiic tdc 1a tetracacbonyl niken
hoac cacbonyl coban. Hiéu sudt axit dat 95% tinh theo etylen. Axit propionic duoc
stt dung 1am nguyén liéu cho qua trinh téng hop este hoic phu gia thuc phim.

Ngoai etylen, cdc olefin khdc cling tham gia phan tng tuong tu. Tuy nhién, rét
nhiéu dong phan sé duge hinh thanh, do dé han ch&€ ing dung clia phan \ing nay cho
nhitng muc dich dac biét.
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Co ché phan 1tng Reppe tuong tu nhu co ché phan img hydroformyl hoa. Chi c6
chu trinh khoi mao xtc tdc la khiac. Vi du, dang hydrit tetracacbonyl coban hoat
dong nhur mot axit tuong d8i manh trong nuéc hoic metanol va do d¢é phan ly manh.
Chinh vi vdy, ngudi ta cho ring hoat tinh cla olefin xuat hién 12 do phén iing cong
cua mot ion.

HCo(CO),(aq) === H'(aq) + Co(CO)4 (aq)

@ -
R-CH=CH, + H" —» R-CH2-CH; — 2O R-CH-CH,
Co(CO),
l-co

R-CH,-CH,-Co(CO); =—=  H:Co(CO);
R-CH=CH,

Phiic alkyl sau dé s& tham gia vao chu trinh bién déi giong nhu co ché cia
Heck va Breslow da dé xuat.

Mot phan tng rdt gidng véi loai phan ing nay la qué trinh Koch. Trong qui
trinh nay, phan itng cua olefin v6i CO va nuée duge xiic tic bdi cdc xdc tdc proton.
Pay 1a phén tng céng dién hinh tuan theo quy luat hod hoc cacbocation vi chi tao ra
céc san pham nhanh.

10.4. CACBONYL HOA METANOL TAO THANH AXIT AXETIC

Pa tir lau, axit axetic dugc tdng hop céng nghiép theo phuong phip cacbonyl
hod metanol v&i cong nghé dugce thiét k& ddu tién vao nim 1925 va qud trinh ndy dua
trén co s& xic tdc axit phosphoric va phosphat déng. Qua4 trinh nay chi trd nén phé
bién va kinh t& khi metanol ¢6 thé dugc téng hop v6i lugng 1dn va gid thanh thép.

Su ra doi cia hé xic tdc coban/iot dd din dén su hinh thanh cdc nha mdy sk
dung co6ng nghé BASF dugc xiy dung tai Ludwigshafen, ning sudt 3,6 nghin
tin/ndm nam 1960 va chi trong vong 3 nam, dén ndm 1964, da phéat trién lén 12
nghin tdn/nam. M6t nha mdy khic cta hing Borden Chemical dugc x4y dung tai
Geismar, Louisiana ndm 1966 vé&i nang sudt thi€t k€ ban d4u 30 nghin tin/nam da
nhanh chéng ting 1€n 45 nghin tdn/nam nam 1968. Cong nghé st dung thé hé xiic tdc
m&i nhdt, trén co s& phiic rodi véi i6t, do hiing Monsanto tim ra va phét trién véi quy
mo cong nghiép nam 1970 tai thanh phd Texas cung cdp 135 nghin tdn axit
axetic/nam.
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10.4.1. Nguyén tdc qu4i trinh
Quia trinh cacbonyl hod metanol 14 mét qu4 trinh toé nhiét:
CH;0H + CO ~—» CH;COOH
AHS50s == 137 kJ/mol

Phan ting nay xdy ra thuan 10i trong pha I1éng, & nhiét do 220 + 250°C. Téc do
phan ng s& rat cham né€u nhiét d¢ gidm xuéng dudi 180°C, trong khi su hinh thinh
clia cdc san phdm phu lai xay ra qué nhanh & nhiét do trén 260°C. Ap suit qué trinh
luén phai gitr & mic 30 MPa. Su c6 mat cha nuée (>30% TT) va viec sir dung xic tic
s€ gilip gidm bot do khic nghiét clia cac diéu kién ti€n hanh qua trinh, dac biét 1a ap
sudt, dugc giam xuéng khoang 3 + 7 MPa va nhiét d6 xudng 150 + 200°C.

H¢ xiic tdc st dung thudng c6 ba thanh phan: pha hoat dong (cac oxyt, cdc hop
chét co kim, cdc hop chat phdi tri hodc muéi ciia céc kim loai quy hi€m nhu rodi-
clorocacbonyl-bis triphenylphosphin: Rh(CO)[P(C¢Hs);],Cl, hoac phirc tuong tu cla
iridi}, chat xdc ti€n (halogen hodc hop chat chita halogen, nhu metyl iodua) va mot
dung moi (vi du hdn hop cla axit axetic va nudc), trong do, pha hoat dong va chit
khoi mao c6 ndng dé tuong tng 12 10~ mol/l va 1 mol/l.

Co ch¢ phan ung lién quan téi loai xtic tdc sit dung cho timg qué trinh. Tuy
nhién, trorig trudng hgp coban va rodi, céc xiic tdc hoat dong duéi dang céc phtic nhu sau:
CH;0H + HI - CH,I + H,0
CH,I + M(CO),L, - CH;-MKCO),L,
CH;-MI(CO),L, + CO — CH;-MI(CO),L,.CO
CH5-MI(CO),L,.CO > (CH;-CO)-MI(CO),L,

(CH;-CO)-MI(CO),L, + H,0 - CH,-COOH + HI + M(CO),L,

trong d6, M = Co' hoac Rh', L = ligan khdc CO, vi du triphenylphosphin.
Céc san pham phu cta qué trinh 4 CO,, c4c loai rugu (etanol, butanol, ...), cdc
aldehyt (propionaldehyt, n- va isobutyraldehyt), céc axit (formic, propionic, ...}, cdc

este (metyl format va axetat), cic ete (dimetyl ete, ...). Mot s§ cdc san pham phu
hinh thanh v6i 36 lugng 16n s& dvgc tudn hoan trd lai thigt bi phan tng.

Gin day, hang Texaco di dua ra mot cong nghé mdi tdng hop axit axetic truc
ti€p tr khi téng hgp. Xic tdc cho qué trinh 1A cdc rutheni v coban halogenua phéan
tin trong tetrabutylphosphoni bromua. Tién chat cia xic tdc c¢6 thé 1a hén hop cha
Ru,(CO)y;, Col,, va (C.Hy)yPBr. Ngudti ta cho ring rutheni xdc tic phan ting tao
thanh metanol va metanol dugc bién ddi thanh axit axetic qua hop chat trung gian
metyl iodua nh¢ xic tic coban.
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Ru I *H  cnoH
CO + 1/2H, —» Ru-C-H —m Ru-CHZO}-_I —_— 3

-Ru
CH;OH + HI == CH;l + H;0
CH,;I + Co(CO)y === CH;Co(CO)y + T
0

|
CH3Co(CO), + CO === CH;-C-Co(CO),
0
CH;-C-Co(CO); + H, == CH3;COOH + HCo(CO),

10.4.2. San xuat cong nghiép

Trong cdng nghiép cé hai phuong phdp pho bién dé sin xuit axit axetic nho
qua trinh cacbonyl hod metanol, d6 1a cic cong nghé dugc thi€t k& bdi BASF va
Monsanto.

Céng nghé BASF la cong nghé st dung xiic tic coban, do hing BASF nghién
ctiu ting dung trong cong nghiép. Qu4 trinh nay cho dd chuyén hoi mét lin 70%, va
hiéu sudt tinh theo rugu va CO tuong dng 16n hon 85 va 60% mol. Day 13 cong nghe
truyén théng véu cdu ti€n hanh & nhiét dé cao 250°C va 4p suiat CO 68 MPa. bo
chon loc san pham axit axetic dat 90% tinh theo metanol vi 70% tinh theo CO.

DPén nhing nam 1960, Monsanto da thiét k€ cong nghé cacbonyl hod metanol
st dung xtc tdc rodi iodua véi d6 chuyén hod metanol mét lin ¢ thé 16n hon 90%
va hiéu suat tinh theo rwgu va CO tuong ng 98-99% va 90% mol. Qué trinh nay
khéng chi chon loc sdn phdm axit axetic ma cdn duge thuc hién trong nhitng diéu
kién mém hon nhiéu so v6i xic tdc coban. Tuy nhién, dé dat yeu cau vé kinh t€, toan
bo xtic tdc rodi phai duge thu héi.

Duéi day 1a bang so sdnh céng nghé hai qua trinh BASF va Monsanto (bang
10.2).

Bang 10.2. So sdnh céng nghé cacbonyl hod BASF va Monsanto

Théng s& BASF Monsanto
Xiic tac Col, Rhl,
Nhiét d6 (°C) 250 150
/\p suat (MPa) 68 0,3
Do chon loc 90% (MeOH) 99% (MeOH)

70% (CO) 90% (CO)
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10.4.2.1. Cong nghé BASF

Cong nghé nay van hanh & 250°C va 65 MPa, véi sut ¢6 mat cla Xic tdc coban
iodua. Thié€t bi phdn {ng 4p suit cao 16t trong bing vat liéu thép cacbon hop kim dic
biét dé chdng an mon. Di€m dic biét chia thiét bi niy 1 ¢6 kha niang khudy tron bén
trong chét 10ng nhd bom khi vao hé thiét bi (dang khi nang). Thiét bi dugc cip lién
tuc dong nguyen lieu metanol, dimetyl ete, CO nhu yéu cdu, va nudc da duge gia
nhiét 161 40-80°C. Lugng nudc dua vio thiét bi phdn vng bang 1/3 khéi lugng
metanol. Hon hop axit va khi chua phan tng duge thu & dinh thdp phan tng, 1am
lanh, va ha 4p sudt xuéng 1 MPa & trong thiét bi xa khi nhanh. Metyl iodua va cidc
cdu tir nang hon trong dong khi da xa dp suit nay duge thu héi nhd rita bing metanol
nguyén liéu.

Dong san phdm long tir thiét bi x4 khi duéi dp sudt trude hét duoe loai bd khi.
- Hoi chifa metyl iodua va format, axetaldehyt va metyl axetat, dugc hoa tan trong hén
hop ding phi tao ra trong thdp dehydrat hod axit axetic sau d6. Hén hop axit sau khi
téch khi dugc chung cat dé loai bd nhitng c&u tir nhe va coban jodua duge tudn hoan
trg lai thiét bi phan tng & dang huyén phit dung dich nudc. Hén hop nay sau dé duogce
dehydrat hod va tinh ch€ nho chung diang phi. Hop chét thit ba dugc sir dung, dé 1a
mot trong s6 cdc san phdm cua qué trinh (metyl axetat ¢é nhiét do s6i 70,4°C, him
luong nuée 8,5% KL). Thap chita khoang 60 dia.

Axit axetic sau khi tdch nudc khong chita axit formic duge thu hdi & ddy thiét
bi dehydrat hod. Dong sén phdm ndy tiép tuc duge tich bd cdc hop chat c6 khéi
lugng phén tr 16n (axit propionic) va c6 dic téi 99,8% KL nhd chung cit trong thip
khoang 30 dia. M6t s6 b6 phan quan trong cha hé théng duge 1am bing cic loai vat
liéu nhu déng, titan, zirconi dé han ché su &n mon.

10.4.2.2. Cong nghé Monsanto

Vé ly thuyét, so dé cla cong nghé Monsanto gin gidng véi so d6 cong nghé
BASF. Su khic biét cha y€u la & diéu kién van hanh mém hon: dp suit 35 MPa va
nhiét do khoang 200°C.

Phan xwdng ¢é 3 phan chinh (hinh 10.3).

= Khu vyc chudn bi xdc tdc: Tai khu vuc nay, he xic tic duge chudn bi tir rodi
1odua mdi va xic tac tudn hoan dugc thu héi lai nhés cdc giai doan xir 1y sau phan
Ung. Dung dich thu hoi nay truée hét duge loai bd céc ion kim loai ¢6 1in do qua
trinh xir 1y bang nhua trao déi ion. Sau d6, né dugc phan huy mét phin nhd dun
néng, r6i lam lanh, két tha dé thu hdi cdc cdu tl chita rodi. Céc hop chat nay s& duge
bo sung i6t mdi, réi hod tan trong axit axetic néng dusi ap suat CO.
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® Khu vuc cacbonyl hod: Metanol dugc cacbonyl hod trong pha léng, trong
mot thiét bi phan tng c6 khudy. Nhi¢t do ctia méi trudng phan dng duge gilt khong
d6i nhd bay hoi mét phdn cdc tdc nhan phin tng va sin phém, do d6 tich dugc nhiét
phdn ung sinh ra. Pha khi nay chita chli yéu CO, nito, CO,, metanol va metyl iodua,
dugc lam lanh v rira bang metanol d€ thu héi phin 16n céc nguyén liéu bi tach theo.
Déng san phdm 10ng ra khoi thi€t bi phan tng dugc x4 4p sudt nhanh. Céc khi ¢6
chita axit axetic, 4m, metyl iodua, axit formic, axit axetic...duge dua dén khu vuc
tinh ché. Phdn 16ng, chli y&u 12 phic xic tdc, metyl axetat va axit axetic dugc lam
lanh va dua trd vé€ viing phan tng.

h:ianol f Kh! du

£
San xudt CHI)

Rh13 S Melanol

c
: 2
A.aratic :

é-—-. 1
© Chéra

ca | ] xﬁc 1&.-.

[ & =

Chung phér doan
gidu a_axatic

Duhydrat hod bang
chung dang phl

Hinh 10.3. Cong nghé Monsanto sdn xudt axit axetic tir metanol

" Khu vue phan téch va tinh ch€: Thép chung diu tién dugc thiét ké dé tao ra
phan doan giau axit axetic nhd tdch bd cdc cAu tr nhe va cdc cfu tir ning (metyl
iodua, metyl axetat...). Phan doan nly sau d6 duoc dehydrat hod nhd chung di ding
phi. Pha nudc duge thu héi & dinh thdp duoc ti€p tyc chuyén sang chung phan doan
d¢ loai bd nuéc du. Ddng san phidm ning duoc xit ly trong thép tinh ché tao ra axit
axetic bang, con axit axetic can ra & ddy thdp cling dugc thu héi trong thap chung
phan doan bé sung tich céc ciu tir sén phdm nang nhu axit propionic. Cic thip nay
déu lam bing thép hop kim cao va c6 chifa tir 35 dén 45 dfia.
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