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LGOI NOI DAU

Viét Nam dang bdt ddu xday dung cdac nha mdy loc ddu va loc — hod ddu.

Trong mot nha mdy loc ddu, qud trinh cracking xiic téc chiém mét vi tri
khd quan trong. Do dé, cdc kién thitc co bdn vé hod hoc qud trinh cracking xic
tdc, vé bdn chdt va cdc phuong phdp téng hop chdt xiic tdc va vé céng nghé qud
trinh cracking la hét sicc quan trong déi véi nhitng ai dd, dang va sé lam viéc
thoc tdp, nghién citu va van hanh sdn xudt) trong linh vue loc — hod ddu.

Toi viét cudn sdch nay véi sy chan thanh muén déng gép phdn kién thicc
it 6i ctia minh cho sy phadt trién nganh Ddu khi con non tré cia Viét Nam.

Hy vong rdng, cudn sdch sé€ dem lai nhitng diéu cé ich cho cdc sinh vién,
ban bé va dong nghiép cua t6i dang hoc tdp, nghién citu va cong tdc trong cde
triuong dai hoc, vién nghién cine va cde co sd sdn xudt.

Toi xin thanh thue cdm on cde loi nhan xét, gép y cua doc gid vé cudn
sdch nay.

GS. TS. Nguyén Hiru Phua
Phong Hoa 1y — Bé mat
Vién Hoa hoc, Yién Khoa hoc va Cong nghé Viét Nam
18 Hoang Qudc Viét, Cau Giay, Ha Néi



BANG CAC CHU VIET TAT VA KY HIEU

Céc chit viét tit va ky hiéu da duge chd thich ngay 14n d4u tién xuat hién trong cuén
sdch. Tuy nhién, d€ cho thuan tién, nhit Ia d6i véi cde doc gid chi doc timg phdn, ching 16
nhic lai tdt cd cdc chif viét tit va ky hiéu trong bing nay dé d& dang theo dbi.

Me Chuyén dich nhém metyl (alkyl)

31 Chuyén dich hydro (hydrua)

%kl Phéan tram khdi luong

BLV Phén tram thé tich 16ng

%tt Phin tram thé tich

AG* Bién thién th€ ding 4p (ning luong tu do) cia giai doan chuyén dich ( Me, H)

AG,, Bién thién thé ding 4p clia phan tng

AHp, Bi€n thién entanpy cta phan ting

AHy, Bién fhién entanpy hinh thanh (nhiét sinh)

A8, Biét thién entropy clia phan Gng

ABD Mat do khéi trung binh (average bulk density)

AFS Fluosilicat amoni

AFSY Zeolit Y duge xit 1y véi (NH,),SiFg

Al (E) Nhom & ngodi mang tinh thé

Al(T) Nhoém & trong mang luéi tinh thé

AP Diém anilin, aniline point

ASTM Uy ban Thir nghiém va Vat liéu cia M§ (American Society for Testing and
Materials)

ATB San phdm gidu aromat ddy thép

B Tam Bronsted

BPSD Thing ddu/ngay hoat dong (barrels per calendar day)

Cy Hydrocacbon cé rma.ch cacbon nhod hon 3

Cy™ Hydrocacbon olefin ¢6 mach 3 cacbon (propylen)

Ct Hydrocacbon ¢6 mach cacbon 16n hon 5

Ca Phén tram trong luong cacbon cia aromat; phén tram trong lugng aromat

CCR Cin cacbon Condrason



Mt d6 lén chit (compacted density)

Chi s6 cetan, cetane index

Phén tram trong lugng cacbon clia naphten, phin tram trong luong naphten
Phin hydrocacbon ¢é mach cacbon nhd hon n

Phan hydrocacbon ¢6 mach cacbon I6n hon n

Khi oxit cacbon

Déu giau hydrocacbon vong thom (cycle oil)

Phdn trim trong luogng cacbon cia olefin, phén tram trong lugng olefin
M@ hinh suy gidm hoat tinh xdc tdc do sy hinh thanh céc (coke on catalyst)
Phin trim trong lugng cacbon cita parafin, phin tram trong hrgng parafin
Don vi do d6 nhdt, xenti stoke (St)

Ti trong

Cracking xiic tic sau (deep catalytic cracking)

Hydrodealkyl hod

Ddu di xir 1y kim loai (demetallized oil)

Déu gan (decanted oil)

Piém s6i cudi (end boiling point)

Etylen diamin tetra axetic (ethylenediaminetetraacetic acid)

Maiy loc khi tinh dién (electrostatic precipitaion)

Chiét tich aromat

Faujazit (Faujasite): c4u triic tinh thé cia zeolit Y

Cracking xiic tac pha tuwu thé (flnid catalytic cracking)

Van diéu chinh khi buéng hoan nguyén

RON xéc dinh bang phuong phép sic ky khi

Diu giau hydrocacbon vdng thom ning (heavy cycle oil)

Zeolit Y ¢6 ham lugng silic cao (high silic Y zeolite)

Diém s6i ddv (initial boiling point)

Union International of the pure and applied chemistry

Hing s6 can bing cha phén ing

Tam Lewis

D4u gidu hydrocacbon vdng thom nhe (light cycle oil)

T6c d6 khong gian theo thé tich chat 1dng theo don vi thoi gian gitr (liquid
hourly space velocity)



LPG Khi ddu md hod 1dng (liquified petroleum gas)

MAS NMR Phuong phap c6éng hudng tir hat nhan vat liéu rin (magic angle spinning nuclear
magnetic resonance)

MAT Phép do hoat tinh xic tdc trong thi€t bi MAT (thir hoat tinh dang vi luong,
micro activity test)
MON Tri s6 octan déng co

MONC Tri s6 MON dugc xdc dinh véi xang khong pha chi
MTBE Metyl tectiary butyl ete, methyl tertiary buthyl ether
MTC Heé hon hop khéng ché nhiét do

N&TN Nhiét va thuy nhiét (49 bén nhiét va thuy nhiét)
NDSTB Nhiét d¢ s6i trung binh

NO, Céc oxit nito (NO,, NO...)

°API Pai lugng do mat d6 cha ddu mé

°R Nhiét do theo thang Rankine

P Poise, don vi do 46 nhdt

PONA Parafin, olefin, naphten vi aromat

PP Polypropylen

R Nhém alkyl

RCC Cracking xiic téc nguyén liéu ddu cin (residue catalytic cracking)
RE Cation dit hiém

RFCC Cracking xic tic pha luu thé d4u can

RON Tri s6 octan nghién citu

RONC Tri s6 RON duge xdc dinh véi xang pha chi

ROT Nhiét d6 d4u ra cua reactd (raizo)

RPT Ray phan tir (vat liéu ray phan tir)

SA Aluminosilicat

SAP Hydro hod chon loc

SBU DPon vi ciu tric thit cdp (secondary unit building)
SC Hoi nudc - cracking (steam cracking)

SCR Khir xiic téc chon loc (selective catalytic reduction)
SFV Viscomet Furol Saybolt

SIMDIS Phuong phap chung cit moé phong nhiét 3o thip
SIMS Phuong phép phé khéi lugng ion thif c8p (secondary ion mass spectroscopy)
SUv Viscomet van ning Saybolt



TBP
TO,
TOS
USsY
VGO
ViV
VPL-5
VRDS
VTB
WHSV

xt/d

ZSM-11
ZSM-5

Diém s6i thuc (true boiling point)

Ti dién g6m 1 tam T va 4 oxy lien két

M6 hinh suy giam hoat tinh xiic tdc theo thai gian phdn itng trong dong
Zeolit Y dang siéu bén (ultra stabilized Y zeolite)

Vacuum gas oil, gas oil chan khong

Ti s6 thé tich/thé tich

Tén ctia mot vat liéu ho aluminophosphat

Dau can chan khong duge khit luu huynh

San phdm d4y thip chung c4t chan khéng

T6c d¢ khong gian trong lugng tinh véi don vi thdi gian gir (weigh hourly
space velocity)

Ti 58 chét xic tdc/ddn

Zeolit ki€u Y dang faujazit (Faujasite)

Zeolit ZSM-11 ¢6 ma cdu triic quée té 13 MEL

Zeolit ZSM-5 ¢6 ma c4u tric quéc t& 13 MFI



CHUONG 1
MG DAU

Hiu hét cdc phan dng hod hoc duge dp dung & quy m6 cong nghiép déu 1 cdc phan
iing xiic tic. R4t nhiéu qud trinh c6ng nghé duoc cii ti€n, hoan thién 1a nhd nhimmg phat
minh vé chat xtic tic méi. Mot trong nhiing qud trinh ¢6 quy mé céng nghiép 16n nhat 13 qua
trinh cracking xiic tdc. Cracking la su chuyén hod cdc phdn tit Ion ciia ddu mé thanh cde
phdn tit hydrocacbon nhé hon thugc phdn doan gasolin (xdng).

1.1. Gigi thidu tdng quat vé céng nghé cracking

Céc qud trinh cracking, thoat tién, dugc thuc hién khéng ¢6 mat chit xic tdc, nhung
v€ sau, trong 4-5 thap ky gin day, nhiéu chit xic tic cracking lién tuc xudt hién va cai tién.
H4u hét chit xic tic cracking la xic tdc axit. Thanh twru quan trong nhdt trong céng nghé

cracking xtc tdc trong hon 4 thap ky qua 13 su phdt minh va sy phdt trién lién tuc cla xic
tic zeolit.

Cidc zeolit (dang axit, H-zeolit} xdc tdc cho phan tng cracking ddu mé nhanh hon,
hiéu qua hon rat nhiéu so véi chat xic tdc dang aluminosilicat v6 dinh hinh truéc kia, dén
mifc ngudi ta phai thay d6i ca thiét k€ ciia cic thiét bi cracking cii, dang lép xiic tic 8n dinh,
hozc dang 16p xdc tac dong (tdng s6i 8n dinh) thanh cdc reactd 6ng nhéd thing ding (reactor
- riser). Trong reacto riser, céc hat xiic tdc cé kich thude nhd duge chuyén qua reacto rét
nhanh nh& dong hydrocacbon hod hoi trong trang thdi luu thé (fluid), chat xic tic va
hydrocacbon dugc tiép xiic nhau trong khoang thdi gian rt ngan, khodng 5 - 10 giay*.

C6 thé néi, xét vé mit hod hoc cda nhiéu qud trinh loc - hod ddu (cracking, reforming,
izome hod...) thi qud trinh cracking dugc nghién cttu nhiéu nhét va da dat duoc nhién thanh
tuu nhét. D6 12 hod hoc vé axit manh, hydrocacbon, cacbocation va vé zeolit.

Zeotlit 1a vat liéu aluminosilicat tinh thé, bén trong n6 chia nhitng hé mao quéin déng
nhét ¢6 kich thudc c& phan tir. Cdu tric tinh thé va tinh chat bé mit clia zeolit duge xde dinh
kh4 chinh xdc va ré rang, trong khi dé cdc tham sd cdu tric clia cdc chét xdc tc rin khac &
dang v6 dinh hinh lai hay thay ddi va khé xic dinh.

Hod hoc cia qud trinh cracking xd¢ tdc s& duge trinh bay ti mi trong mét chuong
riéng. Tuy nhién, d€ hinh dung hod hoc cracking xic tdc trong ngir cdnh cha thuc t& cong
nghiép, ching ta 6 thé theo ddi mot so dé khai qudt clia mét qua trinh cong nghiép nhr sau:

* Vi qui trinh cracking xdy ra trong trang théi luu thé (fluid) cla chét xtc tdcva hydrocacbon, nén qui
trinh xdc tc nay thudng duge goi 1 Fluid Catalytic Cracking viét tét 1a FCC (cracking xic tdc pha luu thé)

9



675°C Khi et
2,4 atm ~—> H;-C4
| ( ™ L (25-200°
Khi chéy dén binh dgt €O A Naphta
675°C; 2,1 atm T
i DAu nhiéu - 240°
—LP W G hydrocacbon (200 - 340°C)
A O S ~— aromat nhe
] {Light Cycle Qil, LCO)
Daunhiéu {340 - 429°C)
................. - » hydracacbon
—»D——\_/ « :
Kndng khf Hainuse N aromat nang

(Heavy Cycle Ofl, HCO)

Gas oil Khang khi
Qﬁ 1‘ Dau cin

(»425°C)

- A B , Thidt bi phan rig
Thigt bi hoan nguyén Thiét bi phin ing xUc 46 (chumg cil pha doun)

3

Hinh 1.1. 50 d6 nguyén tic cla qud trinh cracking xic tdc cong nghiép.

S0 d6 gdm mot reactd chita Iép xic tic déng, cling v6i mot bo phan tach hat xic tdc
va sdn phdm (thiét bi phan fing xic tac); mot thiét bi hoan nguyén xic tic, trong dé6 cée -
sin phdm cacbon phan tit lugng cao, duoc dét chdy dé phuc héi hoat tinh xdc tic va mot
thi€t bi chung c4t dé tich san phdm cracking thanh cic phan doan ¢6 nhiét dé séi khdc nhau
va mét phin ddu nang duge hoan luu trd lai reacto cracking. Cdc tham 58 cong nghé ciia qua
trinh cracking xiic tic thuomg x4y ra trong reacto 6ng ditng nhu sau (bang 1.1):

Bang 1.1. Cac tham s6 qua trinh cracking xic tic

Reactd éng difng

Nhiét d6 °C

- Pay 550

- Binh 510
Ap sudt, atm 3
Ti 58 chat xtic tac/dau 6
Thdi gian luu, s 5-7

Thiét bi hodn nguyén xuc tac
Nhigt dé trong xyclon °C 650 - 760
| Ti 88 CO/CO, {mol/mal} 0,7-13:1

Ap sudt & day cla tang xdc tac déng, atm 35
T8¢ d6 dong pha khi, m/s 60
Thai gian luu clia chat xae tac rén, s 30
Ham lugng c8c cla chat xtc tac (%kI)

- L6i vao 0,8

-Ldira <01
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Bang 1.2 trinh bay hi¢u su4t sin phdm ciia mot qud trinh cracking xiic tic véi cdc chat

xlc tdc khac nhau: zeolit va aluminosilicat.

Bang 1.2. Cac tham sd cong nghé va hiéu suat san phdm cracking xic téc

Tham s& céng nghé Durabead5®® Durabead1™
Nhiét do hai nguyén ligu vao, °C 476 476
Nhiét 3o xuc tac vao, °C 548 549
Nhiét 4o san phdm ra, °C 474 471
T6c do khong gian thé tich, h ™' 1,0 0,9
Ti 56 chat xiic tac/dau (%tt) 1,9 20
. thé tich x(ic tac hoannguyén 0,84 0,82
Ti's6 hodn nguyén thé tich chat x(ic tdc méi
Ham lugng hai nudc trong nguyén ligu, %Kk 3.6 3.5
Cong sust thigt bi xuc tac bbiingay” 12900 13400
T8c dé tudn hoan chat xac tac, kgih 136065 136065
Téc d6 dét chay cée, kgth 2267 1542
Khoang nhiét d6 soi cla dong nguyén lidu hoan fuu, °C 215-332 232-327
P& chuyén hoa, % thé tich 73.4 49,5
. L thé tich gasoclin
Hiéu sust cracking, % thé tieh du da chuyén hod * 7.6 3
Hieu suat
%it %Kkl %t %ki
S&n pham day thap chung cat 13,7 15,2 21,3 22,3
DAu dst 12,9 13,3 29,2 29,4
Gasolin {khéng cé C,) 56,9 487 383 32,4
Cac butan 13,4 8,5 85 5.4
Khi kho {C, va khi nhe khac) - 89 . 6.6
Céc . 54 - 34
Téng cong . 100 - 100
n-butan 21 1.3 1.1 0,6
Isobutan 6,5 4.0 29 1.8
Buten 48 3,2 45 3.0
Téng C, 13,4 8,5 8.5 54
Ti 56 -C/C, 1,35 - 0,64 -
Propan 3.8 21 24 1,3
Propylen 4,1 24 37 2.1
Téng C, 7.8 4,5 6,1 3,4
Etan - 1,3 - 1,0
Etylen - 0.6 - 0,4
Metan - 1.8 - 1,2
Hydro - 0.1 - 0,1
Sulfua hydro - 0.8 - 0,5
Téng C, va nhe hon - 4,4 - 3,2

* bbl: barrel, don vi do thé tich ddu mé thudng diing trong giao dich thuong mai, 1bbl = 165 lit.
(a): xidc tac zeolit REHY trong pha nén aluminosilicat vé dinh hinh; (b): xtic tic aluminosilicat vo

dinh hinh; %tt: phdn tram tinh theo thé tich; %ki: phdn tram tinh theo kh&i leong




Hién nay cdc thiét bj cracking xtc téc da duge nhi€u hang ché tao va cai ti€n (s& trinh
bay & phén qud trinh cong nghe). Tuy nhién, d€ hinh dung nguyén tic cla reacto dang 6ng
ding (reactor - riser) chiing ta khio sit mot so dé reacto ¢é didn nhy trén hinh 1-2.

Gas oil duge dua vholphﬁn ddy cua reactor - riser v4i dong hoi nudc rit phén tdn, duge
ho? tr¢n véi chdt xdc tdc dang hat min dén tir phdn ddy thiét bj hoan nguyén xic tic. Pudng
kinh cta reacto ting dén theo chiéu cao d¢ gii cho téc d6 Iwu chuyén chit xic tic hdu nhu
khong thay déi, bdi vi 4p suft thuy tinh trong 6ng ding giam ddn dén d4u ra,

Thigt bj tach
hydrocachon stripo

RS

Hai nurde

.(..._
Thiét bi hoan nguyén chét xiic
tac, regencratd {regenerator)

> Thai

Reacta
(reactor) \

o — ]

Chat xtc tac bé sung
f—————0

ol b 6 Khong ki

Hoi nuéc
Gas oil Hoi nude
Hinh 1.2. Thiét bi craking xic tic FCC,
Sau reacto, chit xic tdc dugc tich ra khdi sdn phdm nhd thi€t bi tich xyclon. Hydro-
cacbon dugc tich bing hoi nudc khoi chat xiic tdc di bj c6c hod trong viing trén cia thiét bi

tich xyclon. Trong thi€t bj hoan nguyén xic tic, c6c duge dSt chdy, giai phéng chat xie tic
cho chu trinh chuyén hod ti&p theo.
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1.2. Gidi thigu so dé chung cla céc phan tng cracking

Céc phan ing cracking hydrocacbon duge thire hién bdi céc chit xtic tic axit va xay
ra theo co ché cdc hgp chét trung gian cacbocation. Vé hod hoc, céc phan ing cacbocation
ching ta s& xét sau, con vé mit cong nghé qud trinh, ¢é thé hinh dung trong mot thiét bi
phan ng xic tdc, phdn 1ing cracking gas oil duge miéu ta nhur so d6 dom gian sau day:

k k
0 | . G 2

X
|

Gas oil O, Gasolin G va san phim phu X.

Y

Qua so d6 d6, nhan thdy ring, d€ tang hiéu suft gasolin cin han ché cac phan ing
cracking siu, chuyén hod G thanh X. Viéc sit dung reacto - riser, chinh 1a dé giam thiéu sy
cracking sdu cua gasolin. Mat khdc, ciing ¢6 thé nhan thdy ring, cdc san phim phu X nhan
duge khéng chi tir gasolin ma cdn tryc ti€p tir gas oil.

1.3. Gidi thiéu chung vé chét xuc tac cracking ¢dng nghiép

Céc xidc tic cong nghiép thudng duge diéu ché tir 3 - 25% (k1) cia zeolit tinh thé
(dudng kinh hat tinh th€ zeolit ¢& 1 pum) trong mét chét nén (matrix) 1a aluminosilicat vo
dinh hinh va/hoac khodng sét. D€ bio dim ché do 1am viée & trang thii luu thé (fluid) trong
dong hot hydrocacbon, kich thudc hat xic téc phai ném trong khodng 20 dén 60 um (dudng
kinh hat). Zeolit phdi dugc phin tin vao trong pha nén aluminosilicat vé dinh hinh d€ trinh
cdc hiéu dng nhiét cuc by, d€ n dinh hoat tinh xic téc clia zeolit, nhd cau tric x6p va d6
axit khic nhau giita zeolit va pha vé dinh hinh.

Nho sir khdc nhau dé ma xiic tic zeolit ¢6 hoat tinh cracking gas oil va d6 chon loc
gasolin cao hon nhiéu so véi xic tic aluminosilicat v6 dinh hinh (xem bang 1.2). Ngay nay ,
trong chdt xic tdc FCC, ngoai cdc hgp phin co ban 14 zeolit Y(Faujasite) dang USY va pha
nén aluminosilicat vo dinh hinh, ngudi ta con them vao cdc zeolit phu gia (v6i ham lugng tir
1 d&n 10% kh6i lugng) H-ZSM-5, HZSM-11, H-Béta... dé gia tang chi s6 octan clia gasolin
hoac gia ting ham luong olefin nhe trong thanh phén khi cracking, va thém mot s6 phu gia
thu dong hod kim loai (xem muc chét xic tdc cracking).

1.4. Cac didc trung vé nguyén lidu cho cracking xtc tac (FCC)

-Céc nha loc ddu phai ch€ bi€n nhiéu loai ddu tho khdc nhau. Chét lugng clia ddu thé
thudng bi bi€n ddi theo timg viing khdc nhau, do d6, ngudi ta phai x4c dinh ré cic tinh chat
dic trung cia timg loai nguyén lieu d€ dam bdo sy van hanh én dinh cla céc cong doan ché
_ bi€n (cracking, reforming...) trong mét nha mdy loc ddu.
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bic trung nguyén liéu FCC 1a mét nhiém vu rdt quan trong cho sy hoat déng ciia cong
doan FCC. Nho d6, ngudi ta ¢6 thé chon chat xdc tdc, xUr 1y cdc sy cd, t6i uu hod qué trinh
cracking xiic tic.

Hai y€u 18 quan trong nhét dnh hudng dén chit lugng cla nguyén liéu FCC 1a:
- c4c hydrocacbon; '
- céc tap chit;

chita trong nguyén liéu FCC,

1.4.1. Phén loai cdc hydrocacbon

Céc hydrocacbon trong nguyén liéu FCC thudng duge phin thanh parafin, olefin,
naphten va cdc aromat (hydrocacbon chita vong thom) viét tit 12 PONA.

e Parafin: parafin la cdc hydrocacbon mach théng hodc mach nhdnh c6 céng thic hod
hoc 13 C Hy,, ;-

N6i chung, nguyén liéu FCC chita chi y€u cdc hydrocacbon parafin. Him lugng cla
cacbon trong parafin chi€m khodng 50 d&€n 65% kh6i lugng clia nguyén liéu. Parafin dé& bj
cracking va tao ra lugng sdn phim 18ng nhidu nhét. Parafin tao ra gasolin nhiéu nhét, khi
nhién liéu it nhit, nhung cling cé gid tri octan thip nhat.

¢ Qlefin: olefin 1a cdc hydrocacbon chua bdo hoa, cé cong thic 1a C H,,. So véi
parafin, olefin 13 hop chit kém bén hon va ¢é thé phan ting v6i nhau hoic véi céc chat khac
nhu oxy, vd véi dung dich brom. Olefin khong t6n tai trong tu nhién, né cé mat trong
nguyén liéu FCC 1a do cic qud trinh xir 1y trude d6, vi du nhu, do cracking nhiét, hoac do
cracking xic tic...

Olefin khong phai 14 hop phin mong muén trong nguyeén liéu FCC vi olefin thudng bi

polyme hod tao ra cdc san phdm nhu c6c va nhya. Haim lugng olefin t6i da trong nguyén liéu
FCC la 5%kl.

¢ Naphten: Naphten c6 cong thitc C H,, ciing nhu cong thic hod hoc cha olefin.
Olefin ¢6 cfu trdc mach thing (chinh xdc hon 12 mach h&), con naphten 1a parafin c6 cau
tric mach vong. Naphten 12 hgp chat bdo hoa. Vi du, cic naphten nhu xyclopentan,
xylcohexan, metyl-xyclohexan cé céu triic vong nhu sau:

Xyclo pentan Xyclo hexan Metyl xyclo hexan
CsHyo CeH,2 GHy,

Naphten ciing 13 hgp phidn mong muén trong nguyén lign FCC vi chiing tao ra gasolin
c6 gid tri octan cao. Gasolin dvgc tao ra tir naphten ¢ nhiéu aromat hon, vi 1a gasolin ning
hon so véi gasolin duge sidn xudt tir cracking parafin.
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* Aromat: aromat (C H,, ¢) tuong tw nhir naphten, nhung chita vong cacbon chua bao
hoi va khd én dinh. Aromat 12 cdc hop chét chita it nhat mt vong benzen. Vdng benzen rit
bén va khéng bi cracking. Céc aromat 13 hop phdn mong muén cho nguyén lieu FCC hién
nay, vi s€ fao ra gasolin ¢6 gid tri octan cao.

Cracking cdc aromat thudng xay ra sy phan cit cdc mach nhénh va tao ra cic hydro-
cacbon phan tlr nhd. Ngoai ra, mot s& t6 hop chét aromat da vong ¢6 thé tao ra nhitng mang
cacbon ndm lai trén bé mit chdt xic tic (cdc), hodc céc sin phim da phan tlr khic (nhua).

Trong tuong lai, khi ham lugng benzen trong gasolin bi han ché ngat ngheo thi cé 1€
aromat khéng phai 12 hop phén va chuéng cho nguyén ligu FCC.

1.4.2. Cdc tinh chét v4t Iy ctia nguyén liéu FCC

bic trung nguyén liéu FCC bao gém viéc xdc dinh céc tinh chdt hoi hoc va vat ly cua
nguyén liéu. Song, cdc ky thuat phan tich qué nhay va chinh x4c nhu phé khéi 13 khéng
thich hop cho cic hoat d¢ng cong nghé thudng ngay, do d6 ngudi ta thudng phai sit dung cic
tinh chat vat Iy dé ddnh gia nhanh chét lugng nguyén lieu. Cic phong thi nghiém cla cic
nha mdy loc diu thudng duge trang bi cdc dung cu, thiét bi cin thiét dé thuc hién viéc thir
nghiém céc tinh chat vat ly thong thudng clia nguyén liéu nhur:

- Titrong, d6 “APIL;

- Chung cit nguyén liéu;

- Diém anilin;

- Chi s6 khic xa (RI);

- 56 brom (BN) vi chi s6 brom (BI);

- D6 nhét;

- Cacbon Conradson, Ramsbottom, Micro-cacbon vi cacbon khéng tan trong heptan.
» Ti trong, d6 °API

Ti trong (density, D) 12 mot dai lugng dé do mat do chit long: D ciia chét long 1a ti s6 cia
trong lugng mot the tich chit 1ong v6i trong luong clia thé tich nudc tuong ting, tai mot nhiet
d6 da cho, vi du & nhiét d6 15,5°C. D9 °API 12 dai lugng do mat d6 clia hydrocacbon 10ng.

So v6i ti trong, 46 °API xdc dinh céc thay d8i mat d6 clia chét 1ong & mite d6 nhd hon
(nhay hon). Vi du, tir 24°API dén 26°API tuong iing véi su thay d6i cla ti trong fa 0,011.
V6i sy thay déi 2°API d6 c6 thé anh huéng dang ké dén hiéu suit san phdm cracking.

Gitta D5 5 va "API cé m&i lién hé sau day:

1415
D , =— 22 (1.1
155°C 131,5+°API
°Apl=ﬂ—131,5 (1.2)
15,5°C
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Vi mét d¢ tinh theo *API ti 1¢ nghich véi ti trong D, nén °API cang cao thi chét 1éng
cang nhe. Trong ché bién ddu mé, “API thudng duge do hang ngay d6i v6i mdi nguyén litu
va sin phdm. Phuong phdp ti¢u chudn ASTM D-287 13 phép thir dirge thuc hién hing ngiy
b&i mot k§ thuat vien clia phong thi nghiém hodc b&i mot cong nhan van hanh phan xudng.
Ngudi ta ding mot ti trong k€ (hydrometer) khic °API cdm vao mot ng dong dung hén hop
cdn do, doc gid tri "API vi nhiét do clia chét 1dng. Sau d6 can cit vio cdc bang chufn quy
déi vé °API & 15,5°C.

D61 v6i nguyén liéu gidu parafin (sdp nén), ngudi ta phai gia nhiét dén ~49°C trude
khi nhing ti trong ké&. Gia nhiét dé 1am cho sdp néng chdy va dé doc chinh xdc. Theo ddi
°API hang ngay gilip cho c6ng nhan van hanh hiéu duge tinh hinh hoat déng cia phan xuong
cracking. Cing mot khoang nhi¢t do6 chung cét nhw nhau, phan doan cé 26°API dé bi
cracking hon so véi phan doan 24°API, vi nguyén liéu véi 26°API nhiéu parafin mach thing
dai hon. Khi ti€p xic véi chét xic tic & nhiét 46 ~700°C, chiing d& bi phan cit thanh cac san
phim c6 gid tri.

Parafin mach thing dai rdt c6 loi cho cracking va né dé bi cracking, tao ra nhiéu
gasolin va LPG (khi ddu mo, liquified petroleum gas), tao ra t8i thiée céc sdn phdm nhya va
khi khe.

Céc gid tri "API cung cAp nhitmg thong tin quan trong vé phdm chét nguyén liéu. Tuy
nhién sy dich chuyén cdc gid tri “API ciing con lién quan d&n nhiéu tinh chat khic cia
nguyén li¢u nhir dang cacbon, diém anilin, do dé, ngudi ta phai do céc tham s6 khic dé dac
trung ddy da tinh chét cia nguyén liéu.

o Chung cdt nguyén liéu

Céc s6 liéu vé khodng nhiét do chung c4t cung c4p cdc thong tin quan trong vé phim
chat va thanh phin ciia nguyén ligu. Nguyeén liéu cho c6ng doan cracking xic tdc 1a mot hén
hop duge pha trén tir nhiéu gas oil clia cic cong doan chung c4t ddu the, chung cat chén
khong, xir Iy nhya dudng bang dung méi, vi tir 1d c8c. Mot s& nha loc ddu cdn mua thém
nguyén lieu FCC bén ngodi nha mdy d€ ddm bao thanh phin nguyén lieu dat chat lugng
thich hop. Mot s6 nha loc dfu ché bién ddu can tir chung c4t khi quyén va chung ciit chan
khong. Trong nhitng nim gin day, ngudi ta cé khuynh huéng ché bién gas oil ning va diu
can. Ddu can 12 phén dau (ng véi diém s6i trén 565°C. Mbi mot nguyén lieu FCC ¢6 nhimg
dic tinh riéng clia minh.

56 lugng va phuong phap thir nghiém d6i véi timg mé nguyén liéu tuy thude vao cic
nha loc ddu. Mét s8 nhi loc dédu tién hanh phan tich hang ngy, mét s6 khdc tir mot dén 3
14n mét tudn va mét s6 khic nita mot 14n mot tudn. S6 14n phan tich phu thude vao cdc két
qud chung cit, sy bi€n déi ngudn ddu tho, va tinh hinh nhan sy cia phong thi nghiém nha
mdy.
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Chung cét phan doan ddu tho trong phdng thi nghiém dugc tién hanh bing cich do
nhiét d¢ cta hoi chung cét & diém so6i ban ddu (IBP, initial boiling point} @ng v&i cdc phan
doan, % thé tich: 5, 10, 20, 30, 40, 50, 60, 70, 80, 90 vA 95; v diém soi cuéi cling (EBP,
end boiling point). Ba phuong phdp tiéu chudn ASTM thudmg duge sit dung d€ do diém sbi
D-86, D-1160 va D-2887.

D-86 1a phrrong phadp phd bi€n nhét trong cdc nha mdy loc dfu. Chung cft duge thic
hién & 4p sudt khi quyén, khi miu c6 EBP thip hon 400°C. Trén nhiét 46 d6, méu bit ddu bi
cracking nhiét. Sy cracking nhiét dugc biéu hién bdi sy sut giam nhiét d6 cha hoi chung c4t,
¢6 khéi ndu xuat hi¢n va dp sufit cla h¢ tang. Hau hét cdc nguyén liéu cho FCC hién nay déu
nang, khong thich hgp véi phuong phap D-86, phuong phip niy duge sir dung cho céc sdn
phédm nhe. .

Phuong phdp D-1160 dugc thuc hién & diéu kién chan khong (1mmHg). Céc két qua
do dugc chuyén déi vé diéu kién dp suft thudng bling bang cho sin. Mét s& thist bi mdi sdn
xudt ¢6 phan mém chuyén déi ty dgng. D-1160 c6 gidi han cuc dai EBP khoang 538°C & sp
suft khi quyén. Cao hon nhiét d6 d6, miu bit ddu bi cracking nhiét.

D-2887 1a phuong phdp chung cdt mé phdng nhié¢t d¢ thdp (SIMDIS. Simulated
distillation), ngudsi ta do % thé tich clia phan doan cé nhiét d¢ sdi thyc (TBP, true boiling
point) bing phuong phdp sic ky khi (GC, gas chromatography). Tuong tu nhu D-1160,
phuong phdp D-2887 bj gisi han & nhiét 46 s6i cuc dai ~538°C. Tuy nhién, véi cic h¢ GC
méi, ngudi ta cd thé do duge céc nhiét do s6i cao dén 750°C. Nha phuong phip nay, ngudi
ta ¢6 thé do duoc nhiét 46 s6i clia cdc nguyén lidu nang chita du cin vi dic trung cdc ddu
tho. So véi phuong phdp D-1160, phuong phdp SIMDIS ¢4 thao tdc don gidn hon, do lap lai
t6t hon va do diém IBP va nhiét d6 s6i cta diém 5% va 10% chinh x4c hon.

Cic s6 lieu chung cdt cung cdp cdc théng tin vé& phan doan nguyén liéu nhe c6 nhiat
do so6i thdp hon 343°C. Céc nguyén liéu nhe niy thudng cho higu sudt LCO cao va do
chuyén hod thap. Cic nguén nguyén liéu nhe thudng la céc gas oil cita cdc cong doan chung
cdt khi quyén, chung cét chan khéng nhe va sin phfm nhe ciia 1o c6c. Nguyen licu nhe cé
do chuyén hod thdp vi cédc 1y do sau day:

- Céc san phdm hydrocacbon nhe thudmg khé bi cracking hon.

- Gas oil nhe tir 16 c6¢ chita rat nhiu aromat.

- Aromat nhe c6 mach bén thi phdn mach bén d& bi cracking.

Néi chung, nguyén liéu nhe duge sir dung rat han ché. Tuy nhién gas oil nhe trong
nguyén li¢u FCC lam gidm lugng c6c trén chét xic téc, c6 nghia 12 1am gidm nhiét d6 hoin
nguyén xiic tac.

Céc s6 lieu chung cit cho bi€t thong tin vé phdn nguyén lidn c6 nhiét do s6i trén
482°C. Phdn nguyén liéu nay cé khuynh hudng tao c6c bé mat va chita nhidu tap chit nhu
cdc hop chilt chida kim loai va nito, tao ra san phdm 18ng it hon, cdn c6c vA khi thi nhidu hon.
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» Diém anilin

Anilin 1a mét amin thom (CgHsNH,). Khi duge stt dung lam dung mai, anilin hoa tan
chon loc cde phan tir aromat & nhiét d6 thdp, con parafin va naphten & nhiét d6 cao hon.
Anilin dugce sir dung dé xdc dinh ham lugng c4c hydrocacbon thom (46 aromat) clia cic san
phdm ddu mé, trong d6 c¢6 nguyén litu cho FCC. Pidm anilin (AP) I nhiét do 167 thiéu dé
hoa tan hoadn todn mét mdu ddu vao anilin.

Phuong phap ASTM D-611 duge thyc hién bing cdch gia nhiét mot hén hop 50/50
mAu va anilin cho d&n khi thanh mot pha déng thé. Sau d6, hén hgp duoge 1am lanh; nhiét do
tai d6 hén hop bat ddu xudt hi¢n méu duc, 13 diém anilin. Phép thir dugc ti€n hanh nhd mot
ngudn sing chigu qua miu.

AP 1ang véi sy ting ham lugng parafin (49 parafin) va gidm véi do aromat. Diém
anilin ciing tdng theo trong lugng phan tir. Naphten va olefin c6 gid tri ndm giita parafin va
aromat. Diém anilin cao hon 93°C dic trung cho nguyén liéu parafin, th4p hon 65°C dic
trung cho aromat.

Diém anilin dugc ding dé xdc dinh do aromat cla gas oil va cdc nguyén lidu nhe.
Giita AP va chi s6 khic xa ¢6 m&i quan hé tuong hé. Do d6, ngudi ta con sit dung chi s&
khie xa d€ dic trung nguyén lieu FCC.

» Chi sé khiic xa

Tuong ty nhu diém anilin, chi s§ khiic xa (RI, refractive index) cho biét ham lugng
aromat cia miu. RI cang cao, aromat cang nhiéu va miu cang khé bi cracking. Mot miu ¢6
RI bing 1,5105 bi cracking khé hon miu RI 1,4990. Chi s6 khic xa duge do bdi phuong
phép thuc nghiem (ASTM D-1218) hojc duge xdc dinh theo quan hé chuyén d8i theo he
thitc TOTAL tx AP. Trong phong thi nghiém , ngudi ta do RI bing khic xa k€. D6i véi
nhiing miu diu ¢6 mau téi va do nhét cao, ca AP va RI déu bi han ch€ vé d6 chinh xdc va
kha nang sir dung.

® S6' brom va chi s¢ brom

S6 brom (ASTM D-1159) va chi s6 brom (ASTM D-2710) la cic phuong phép dinh
tinh xdc dinh s6 tdm phan (ng cha miu. Brom phan ting khong chi véi cic lién két olefin ma
con véi cdc phan tir bazo chifa nito va v6i mét s6 din xufit aromat chita sulfua. Tuy nhién,
olefin 1a cdc tam phéan dng chu yéu nhit, nén s6 Brom dugc ding dé danh gi4 ham lugng
olefin (40 olefin) trong nguyén liéu.

S6" brom la 56" gam brom dugc ding dé tac dung véi 100 g mdu. Cic s8 brom dién
hinh la:

- Nho hon 5 déi véi nguyén ligu dd qua hydro - xir ly.

- 10 ddi v6i gas oil nang tir céng doan chung cit chan khong.

- 50 d6i vdi gas oil ti 1o c6c.
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Theo kinh nghiém thyc t€, phén olefin cia miu bing mot nira s6 brom.

Chi s6 brom Ia 56 mg ciia brom dugc diing d€ téc dung véi 100 g miu. Chi s6 nay duge
diing trong cong nghé hod hoc d6i véi cdc nguén nguyén liéu c6 ham lugng olefin rat thap.
e Dd nhit

D¢ nhét biéu thi thanh phdn hod hoc clia mot miu ddu. Khi d6 nhét ciia miu ting,
ham luong parafin tang, ham lugng hydro tang va ham luong aromat gidm.

D6 nhét duge do & 2 nhiét d¢ khic nhau, dic biét & 38°C v 99°C. D&i véi nhiéu
nguyén liéu FCC, miu ddu khé dic va sét & 38°C nén mAu duge gia nhiét khoang 50°C. Cac
s6 lieu vé do nhét duge tim thay trén biéu d6 “nhiét do - d6 nhét” (trong cdc s6 tay loc - hod
dau). Do nhét khéng bién déi tuyén tinh véi nhiét do, nhimg trén cdc bi€u dé dS, ngudi ta da
hiéu chinh d€ ¢é quan hé tuyén tinh.

D6 nhét 1a mot thude do do bén chiy ciia mot chit 16ng. Don vi do dé nhét tuyét d6i
1a poise (P). Song viéc xdc dinh d6 nhét tuyét doi thudng khéng don gian, do d6, ngudi ta
thudng sit dung dé nhor dong (kinematic (flowing) viscosity). D6 nhét dong duge xdc dinh
bang cich do thai gian chét 1éng chay qua mot 8ng dang mao quan c6é dudng kinh va dé dai
quy dinh. Pon vj do d nhét dong 1a stoke (st).

Gitra d6 nhét tuyét d6i va dé nhét dong ¢6 quan he:

P
St=— 1-3
d (1-3)

trong d6, P = 0,1 Ns/m? = 1 dyn.sfem® = | g/cm.s;
St =1 cm?/s;
d = khdoi lirong riéng, g/crnj.

D6 nhét Saybolt (ASTM D-88) 12 dai lwong duge sir dung phd bién nhét d€ do d6 nhét
clia ddu md, ciia nguyén liéw FCC. Phuong phép Saybolt ¢6 hai dang:

- Viscomet van ning Saybolt (SUV, Saybolt universal viscometer) 4p dung cho d4u nhe.

- Viscomet furol Saybolt (SFV) diing cho déu ning.

Ca hai cdch déu dya trén nguyén tic do thdi gian chdy cda mot thé tich miu c6 dinh
qua mot éng mao quan 0 mot nhiét 46 da cho.

Su khdc nhau giita hai dung cu do néi trén 1a dudng kinh bén trong cla 6ng chay khdc
nhau. SUV ¢6 dudng kinh trong cia 6ng 12°0,176 cm, cita SFV 12 0,315 cm. SUV duge ding
cho cic miu cé thdi gian chdy 16n hon 600 sec. D6i véi cic gas oil thong thudmg nhét, thei
gian chay 1a dii ngén nén duge do bing SUV. Kich thudc cla 8ng trong hai phuong phip do
dugc chon sao cho d6 nhét Furol clia ddu bing 1/10 d6 nhét Universal & cing mét nhiét do.

® Cacbon: Conradson, Ramsbottom, Micro-cacbon va cacbon khéng tan trong heptan

Mot vin dé hién nay vin chwa duge nghién ciru mot cach ddy di trong cong nghé
cracking xdc tdc 1a can cacbon cia nguyén liéu. Ngudi ta chua ¢6 cich xdc dinh chinh xéc
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va anh hudng caa nd d&n viée tao coe.

Cén cacbon duge dinh nghia 1a can duge tao ra sau khi miu bi phan huy nhiét.

Cic thiét b cracking xiic tic thudng ¢6 kha ning giéi han d6t chdy cfic, do d6 su c6
mit clia cdn cacbon trong nguyén liéu s tao ra lugng c6c nhiéu hon va lam gidm 5 rét nang
sudt cta thiét bj FCC. Gas oil thong thudng ding 1am nguyén lieu FCC ¢6 it hon 0,5% kh6i
luvgng can cacbon, nhitng nguyén li¢u chita ddu eidn, ham lugng cin cacbon 1én dén 15%
khéi lugng.

Hi¢n nay c6 4 phuong phip duge sir dung dé€ xdc djnh cin cacbon trong nguyén liu
FCC:

Conradson

Ramsbottom

Micro-cacbon

- Khéng tan trong heptan

Cic phwong phap d6 chi ra dic trung sy hinh thanh cdc dang c6c clia nguyén liéu. Méi
mot phuong phép ¢6 nhitng vu diém va nhuge diém ciia minh, va khong mét phuong phép
nio c6 thé cung cip mot dinh nghia chinh xdc vé cin cacbon holic vé can asphalten.

¢ Xic dinh can Conradson theo phuong phap ASTM D-189 biing cich do can cacbon
sau khi bay hoi miu bing phan huy nhiét. Miu duge cho vao dia da cin sdn. Sau d6 duge gia
nhiét bang dén ga cho dén khi hoi cia méu ngimg chdy va khong thdy khéi x4m béc ra. Sav
khi lam ngudi, dia dung miu dugc can lai dé tinh todn % c@n cacbon. Phép thir d6 mic di
khd don gian va phé bién, song khong cho két qua t6t vé dic diém hinh thanh cdc cha
nguyén liéu FCC, béi vi né chi cho biét cin tao ra do hi¢u @ng nhiét chit khéng phai do higu
ing xuc tdc. Ngodi ra, phuong phip ndy c6 do lap lai khoéng cao, t6n cong va khd phu thudc
vao ngudi thue hién.

» Phuong phdp Ramsbottom ASTM D-524 duoc dung dé€ xdc dinh can cacbon. Miu
dugc cho vio mét binh cdu thuy tinh di can trude, sau d6 13p binh cdu vio bép gia nhiét
trong 20 phit. Nhiét do cia bép giir & 553°C. Sau 20 phiit, binh ciu duge 1am ngudi va can.
So véi phuong phip Conradson, thi phitong phip Ramsbottom chinh x4c hon va d6 Hip lai 6t
hon. ’

Ci hai phwong phép déu cho cdc két qua twong ty nhau va ¢6 méi tuwong quan véi nhau
(hinh 1.3).

» Phuong phip xic dinh microcacbon hién nay cdn goi 12 phuong phip micro sir dung
mét dung cu do cacbon Conradson. Phuwong phdp micro (ASTM D-4530) cho céc két qua
cling twong tu nhu phuong phip Conradsop (ASTM D-189).

# Phuong phap khong tan trong heptan (ASTM D-3279) dugc sit dung phé bign dé xdc
dinh ham luong asphalten trong nguyén liéu. Asphalten 12 cdc cum vat lidu duoge tao ra tir
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Can cacbon Conradson, %k
Hinh 1.3. MG6i quan hé gilta c¢iin cacbon Ramsbottom v Conradson.

cdc mang aromat da nhan, nhung cho dén nay ngudi ta vln chua hi€u dirge mot cich 18 rang
vé& cfu triic phan tir cha chiing. Céc asphalten khéng tan trong céc parafin Cs - C,. Lugng céc
asphalten bi két ling luon thay d6i tir dung méi ndy dén dung méi khic. Do d6, didu quan
trong 1a: gia tri asphalten do dugc phéi tuong tng véi modt dung moéi tuong ting. Ngudi ta
thudng dung phuong phdp khéng tan trong heptan v pentan dé xdc dinh asphalten. Mac di
cd hai cdch nay khong cho mét dinh nghia 5 rang vé asphalten, nhung ching tao ra mét giai
phip thuc t€ dé€ ddnh gi4 cdc chat khéi ddu tao ra cée trong cic ngudn nguyen licu cho FCC.

Xin liu § ring, theo dinh nghia truyén théng thi lugng can khong tan trong heptan
dugc got 1a asphalten va nhua (resin). Hi¢u s& cha luong cin khong tan trong pentan v
heptan la resin. Resin 12 tap hgp cic phén tit 16n hon aromat va nho hon asphalten.

1.4.3. Cdc tap chét

Trong nhitng nam gin day, cic nha loc ddu phai ché bign cdc ngudn ddu thé ning hon,
lam cho lgi nhuén tit loc ddu tré nén it hon. Nhung nhur ngudi ta néi: “it con hon khéng”, do
dé céc thi€t bi cracking - mot trong nhiing cong doan chi y&u trong nha may loc ddu, dugce
thiét k& da nang dé dap ing moi nguén nguyén liéu khic nhau. Cic ngudn nguyén liéu FCC
hién nay déu la nguyén liéu nang va chita nhiéu tap chdt luu huynh, nito va kim loai. Céc tap
chit d6 anh hudng x&u d€n sy hoat dong cta thiét bi. Hi€u 18 ban chat va tdc hai cila céc tap
ch4t d6 1a diéu rt quan trong dé xir 1y cdc sy ¢ trong van hanh nha méy.
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Hau hét cdc tap chit trong nguyén liéu FCC déu nim trong thanh phédn cdc chit hiu
cd phén tir 16n, dudi dang cdc hgp chét chia:

- Nito;

- Luu huynh;

- Niken;

- Vanadi;

- Natri.

Ciéc tap chét trén gdy ra nhiém doc chét xic tic FCC, lam m4t hoat tinh d6i véi cic
phén tng tao ra cic sdn phdm cé gid tri. Luu huynh trong nguyén lieu lam tang gid thanh
ch€ bién vi cdn phdi ¢6 cdc phuong tién xir I nguyén liéu v sdn phdm dé dip dng tieu
chuin moi trudmg.

e Nito

Nito trong nguyén liéu FCC t6n tai dudi dang cdc hgp chidt hitu co chita nito. Ham
luong nito trong nguyén liéu FCC thudng duge dianh gid dudi hai dang: nitg bazo va nito
tdng. Nito téng 12 tdng nito bazo vA nito khéng bazo. Nitg bazo thudng bing 1/4 dén 1/2
nito tdng. T “bazo™ ngu ¥ cho céc phan tir ¢6 kha nang phéan tng véi axit. Céc hgp chit nito
bazo s& trung hoa cdic tAm axit chia chét xic tdc va 1am gidm d6 chuyén hod. Tuy nhién, hgp
chit nito 1a chit ngd doc xic tic tam thoi. Trong thiét bi hodn nguyén, hop chat nito bi dét
chédy, hoat tinh chit xic tdc duge héi phuc, khoang 70 - 90% nitg trong c6¢ duge chuyén
thanh N,, phdn cdn lai duge chuyén thinh oxyt nito (NO,). NO, thoit ra méi trudmg ciing
v6i khi thai.

Su ngd doc xic tic do cdc hop chét nito khdc trong nguyén liéu FCC 13 kha 18n. Tuy
nhién, sy quan tdm nhim gidm thiéu tdc hai nay 14 chua thich ding. Ngudi ta biét ring, 100
ppm nito dang bazo trong nguyén liéu lam gidm khodng 1% hi¢u suit gasolin. D€ khic phuc
tdc hai cia hop chét nito bazo, ngudi ta phai ning cao nhiét d6 phan dng va sir dung cic chét
xiic tdc ¢6 ham lugng zeolit cao va pha nén hoat tinh.

Trong mét s& nha may loc ddu, nguyén lieu duge hydro-xir 1§ (hydrotreating) dé dat
hién qua kinh t€ cao hon. N6i chung, cdc nguyén liéu ¢6 ham lugng nito cao déu chira thém
cdc tap chit khac. Do do, khé ma ddnh gid riéng ré hiéu Gng tdc hai cha nito déi véi chat
xtic tdc. Hydro-xit 1y nguyén liéu lam gidm khéng chi ham lugng nito ma cdn gidm hdu hét
cdc 6 nhiém khdc.

Ngoai tic hai ng¢ ddc chit xiic tic, hgp chat nito con cb tic dung x4u d6i véi mét s6 bo
phan khic. Ching han, trong reacto 8ng dimg (riser), hop chdt nito ¢6 thé chuyén thanh amoniac
va xyanid (HCN). Xyanid tang nhanh qud trinh an mon cia c4c thiét bi trong phan xuéng khi,
sv 4n mdn d6 tao ra hydro nguyén t§ va do d6 din d&n sy &n mon “vdy” cdc chi ti€t thiét bi
kim loai. Sy hinh thanh xyanid ¢6 khuynh huéng ting theo d6 khic nghiét ciia qu4 trinh.
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Ngoai ra, mét s6 hgp chit nito cling c6 mit trong ddu nhe (LCO) nhu pyrol (pyrolle)
va piridin. Nhilng hop ch4t ndy d& bj oxy hoa va s& 1am d6i mau ciia sin phim. Lugng céc
hop chdt nito trong LCO phu thudc vao do chuyén hos. Do chuyén hod tang, ham lugng nito

trong LCO gidm.

Xufit x{t vA mat do clia ngudn ddu thé anh hudng khd 16n dén ham ligng nito trong

nguyén liéw FCC (bang 1.3)

Bang 1.3. D$ “API, ham Iuong nito va déu cin cfia mot s6 nguén ddu mo

v o Phén didu dy chung cat Ham lugng nitg cla
Xudt xa API chan khdng %LV gas oll chén khéng, ppm’
Maga 21,6 335 2498
Cao nguyén bic Alaska 28,4 20,4 1845
D4u trung binh Arap 287 23,4 829
Forcados 29,5 7,6 1746
Cabinda 325 23,1 1504
DAu nhe Arap 32,7 17,2 1047
DAu trung binh Bonny 35,1 5,3 1964
Brent 38,4 11,4 1450
Mién trung nguyén tay Texas ag7 10,6 957
Forties 39,0 10,1 1407

* Ham lugng nito thay d6i theo ngudn ddu thé va ham lugng ddu can.

N6i chung, ddu thé nang chita nhiéu nito hon ddu thé nhe. Ngoai ra, ham lugng nito
¢6 khuynh hudng gia ting theo phén cin trong ddu thé.

M6t s6 hop chét nito trong ddu tha:

A. Hop chit trung tinh

H
|

@i
Indol
B. Hop chat nito bazo

0

Pyridin Quinolin
C. Hop chdt nito bazo yéu

o

Hydfoxy] pyridin

Cacbazol

QRO

Acridin

-

©©

Phenanthridin

QQL,,

Hydroxyl quinolin
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Phuong phip cia UOP 313 thudmg dugc sit dung phé bign d€ xdc dinh ham lugng nito
bazo trong nguyén liéu FCC. Miu nguyén liéu, trude hét duge tron véi axit axetic theo ti 18
50/50 sau d6 chudn do véi axit percloric.

Phuong phip ASTM D-3228 (hoac detecto huynh quang hod hoc) duge st dung phé
bién d€ do nito téng, v biing cich chuyén tdt cd cdc dang nito trong nguyén liéu thanh
amoniac va sau d6 chuin d¢ amoniac véi axit sulfuric. Mot phuong phip khic ASTM
D-4629 duge sir dung dé do nito téng thong qua dét chdy oxy hod va detecto huynh quang
ho4 hoc.

o Luu huynh

Nguyén lieu FCC chita lwn huynh duwéi dang cdc hop chdt hitu co - sulfua nhu
mercaptan, sulfua va thiofen. Théng thuomg khi ham lugng can trong ddu thé ting 1&n thi
ham lwong lwu huynh ciing ting. Him lugng lvu huynh téng trong nguyén liéu FCC duge
xdc dinh bing phuong phdp phd huynh quang tia X séng dai (ASTM D-2622). Cac két qua
duoc tinh déi sang ham lugng luwu huynh nguyén té.

Maic di desulfua hod khong phai 12 muc dich cba qud trinh cracking xic tdc, song
trong khi eracking, khoang 50% luu huynh trong nguyén liéu duge chuyén hod thinh H,S.
Ngoai ra, cdc hgp chét htu huynh con lai trong cdc san phdm FCC duogce loai bo trong qua
trinh xir 1y hydro-desulfua hod & dp suft thudong.

Trong qud trinh cracking FCC, H,S duge hinh thanh chii y&u tir phdn dng phan huy
xiic tdc cua cic hgp chat khong chia vong thom.

Su phan b6 luu huynh trong céc sdn phdm FCC khéc nhau phu thudc vdo nhiéu yéu t6:
nguén nguyén liéu, kiéu chat xic tdc, d6 chuyén hod va ch€ dé van hanh.

bdai véi nguyén liéu khong duge hydro-xir Iy, tng véi d6 chuyén hod 78%, khodng
50% kh6i lugng Juu huynh trong nguyén liéu dugc chuyén hod thinh H,S. Phin con lai duoc

phén b6 nhu sau:
_ - 6% trong gasolin;

- 23% trong diu nhe (LCO),

- 15% trong diu gan (DO);

- 6% trong coc. _

Céc hop chat lvu huynh dang thiofen (dang vong) bi cracking cham, va cic thiofen
khong bi cracking chuyén vio trong gasolin, ddu nhe va ddu gan.

Hydro-xtr 1y 1am gidm hrgng luu huynh trong moi sén phdm. V&i nguyén liéu duge
hydro-xir 1y, lugng luw huynh trong nguyén liéu dwgc chuyén vio céc va sdn phim ning
nhiéu hon. Lugng luu huynh 1& ra duge chuyén thanh H,S trong cracking FCC thi nh&
hydro-xir Iy ma dugc loai bé. Phdn con lai khé loai bo hon. Nguyén liéu cing nang, cang
gidu aromat thi ham lugng lun huynh trong cdc cang cao.
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Mic ddu hydro-xir 1y 1am ting ham lugng luu huynh trong céc va trong cin nhua,
nhung luong luu huynh thye t€ it hon ding k€ so v6i lugng luu huynh trong nguyén lieu
chua xir 1y. Liru huynh khong 4nh huéng dén nhiét do chuyén hod va hiéu suft sin phim.
Tac dong xdu cua luu huynh 12 rdt nhé trong qud trinh ché bién diu mé. Mot s6 hop chat
hitu co chifa lvu huynh khong bi chuyén hod ciing tuong tu nhu nhiéu hop chét aromat khac.
Chiing s& lam giam phén nao d¢ chuyén hod va hiéu sust sin phim cuc dai.

Cdc kim loai

Cdc kim loai nhu niken, vanadi va natri ¢é trong dau tho.

Céc kim loai d6 1a chét xic tdc va trg xic tdc cho nhiéu phin g khéng mong muén,
nhu dehydro hod va ngung tu, Iam cho hiéu sudt hydro va c6c ting 1én va hiéu suit gasolin
giam. Kim loai lam gidm hoat tinh xiic tic d6i v6i cdc san phdm mong muén.

Hau nhu t4t ca cdc kim loai trong nguyén liéu FCC déu bi giit lai trén cde chét xic tac
cracking. Nguyén liéu giau parafin chia nhiéu niken hon vanadi. Méi mot kim loai ¢6 mot
tic hai nhit dinh.

o Niken (Ni)

Nhu & muc 1.3, chat xiic tdc cracking cong nghiép ¢6 hai phan chi yéu:
- Pha hoat déng xiic tic 14 zeolit Y.
- Chit nén: chl y&u 12 khodng sét, aluminosilicat v6 dinh hinh.

Khi tiép xiic vdi chit xiic tic, niken ling dong trén pha nén. Niken trg xic tic cho
phan tng dehydro hod, tich hydro tir cic hgp chit bén va tao ra céc olefin khong bén. Cic
olefin nay ¢ thé polyme hod dé tac ra céc hydrocacbon niing. Cic phan ing nay din dén
hi¢u suft cao ctia hydro va c6e. Luong cdc trén bé mit chit xiic tdc ting 1am cho nhiét do
hoin nguyén cao hon. Nhu vay, cén gidm ti s6 chdt xic tic/ddu va do dé gidm dé chuyén hoa.

Ham lugng niken cao i diéu thudng thdy khi ché bi€n nguyén liéu nang. Tao ra nhiéu
hydro hoéc nhiét d¢ hoin nguyén cao la diéu khong mong muén d6i véi cdc nhi loc déu.

Ngudi ta nhan thdy rang, dya vio s6 liéu x4c dinh lugng kim loai trén chét xic tdc da
1am viéc 6n dinh (chit xiic tdc can bing) c6 thé tinh toan luong kim loai trong nguyén liéu
mét cach chinh xdc hon so v6i sy phan tich truc tiép tir nguyén liéu. Néu niken 12 kim loai
thudng xuyén cé mait trong nguyén lidu, thi c6 thé sir dung chit thu déng dé han ch€ anh
huéng cla niken. Thong thudng, ngudi ta sir dung antimon dé thu dong hod niken. Bién phap
nay la kha di néu ham luong niken trong chat xic téc can bing 16n hon 1.000 ppm.

¢ Vanadi (V)

Vanadi ciling 1a kim loai cho cic phan tng dehydro hod, nhung y&u hon so véi niken.
Phén déng g6p tao ra hydro clia vanadi chi biang 20% dén 50% so véi niken. Khéng giéng
niken, vanadi khéng bi giit lai trén b¢ mat chat xic tic . Thue vay, né di chuyén vao bén

25



trong chét xiic tic (zeolit) va ph4 hoai c4u tric tinh thé ciia zeolit. Bé mat riéng clia chat xdc
tic va hoat tinh xic tdc gidm dén.

Vanadi ¢é mit trong céc phén tir hitu co kim loai (co kim) ¢é phan tir lvong cao, khi
nhitng phén t& nang ndy bi cracking, cin c6c chita vanadi bi giir 1ai trén chét xdc téc. Trong
qué trinh hodn nguyén, c6c bj chdy va vanadi duge chuyén thanh oxyt vanadi V,0;s.

V,05 néng chdy & 690°C va pha v& céu tric tinh thé zeolit. V,05 kh4 linh dong nén
¢6 thé di chuyén tir hat tinh thé nay dén hat tinh thé khdec.

Hién nay, 6 mét vai ly thuy€t vé hod hoc ngé doc ciia vanadi. Trong dé, 1y thuyét phé
bi€n nhét cho ring, V,0s chuyén hod thanh axit vanadic (H;VO,) trong diéu kién hoan
nguyén xidc tic. Axit vanadic tich nhom tif dién (Al) trong mang cfu triic tinh thé zeolit va
do d6 lam s&p khung tinh thé.

Tac dung ngd doc cia vanadi phy thude vio cic yé€u t6 sau day:

- Néng d6 vanadi: néi chung, néng do vanadi trén 2.000 ppm trong chét xiic tic can
bang cdn 4p dung bién phdp thu dong hod dé han ché tic hai clia vanadi.

- Nhi¢t d¢ thi€t bi hodn nguyén xdc tdc: nhiét do thiét bi hoin nguyén chat xic tic
(>677°C) vugt qua diém néng chay cha oxyt vanadi 1am gia ting khi nang linh déng cla
V,05 di chuyén dén cdc tinh thé zeolit.

- Cich d6t chiy c6c: ch€ d6 d6t chdy c6c hodn toln tao ra chit xiic tic "sach" lam
ting sy hinh thanh V,04 vi nho cé mat oxy du.

- Natri: natri va vanadi tdc dung véi nhau tao ra vanadat natri. Hop chét nay ¢ diém
néng chdy thdp (649°C) va 1am ting kha nang linh déng clia vanadi.

- Hoi nuée: hoi nuée tic dung véi V,04 tao ra axit vanadic bay hoi. Axit vanadic
théng qua sy thuy phan, gy ra sy sap khung tinh thé zeolit.

- Kiéu cht xic tdc: ham luong nhom, lugng nguyén t6 dat higm, ki€u va lugng zeolit
anh huong dén d6 bén ngd dd¢ cita chdt xiic tic d6i v6i vanadi.

- Ch& d¢ b6 sung chit xic tic: viéc bd sung chdt xiic tic cang nhiéu cang lam giim
néng d6 kim loai trong chét xic tic va lam it ngiin thdi gian dé€ vanadi kip oxy ho4 hoan toan.

* Kim loai kiém: natri

Natri 1a kim loai ¢6 hai cho chét xic tic FCC. Natri lam mét hoat tinh xdc tic vi né

trung hoa cdc tam axit. Trong thiét bi hoan nguyén, natri két hop véi vanadi lam sap khung
tinh thé cla zeolit. Natri ¢6 xuft x@& tit hai nguén chinh:

- natri trong chit xic tdc ban déu;

- natri trong nguyén liéu,

Chat xiic tdc ban déu chifa natri vi do qud trinh san xuét chélt xdc tdc (xem chwong
chéit xuc tic FCO).
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Natri trong nguyén liéu dugc goi 1 natri b6 sung. Anh hudng bat lgi ctia cdc dang
natri déu nhw nhau bat ké tir dau.

1.4.4. Cdc gid tri va hé thuc kinh nghiém

Phong thi nghiém cia nha may loc ddu khong thé trang bi mot cich ddy di cic thiét
bi d€ ti€n hanh phan tich ham lugng clia PONA (parafin/olefin/naphten/aromat) vi céc phan
tich hod hoc khédc clia nguyén liéu mot cdch tite thdi va thudng xuyén.

Tuy nhién, cdc tinh chét vat 1y nhu ®APIL, s6 li¢u ching cit ¢6 thé do dac d& dang. Do
d6, ngudi ta tim ra cdc dai lugng kinh nghiém dé dp dung cho cong nghiép nhim x4c dinh
nhanh céc tinh chét ho hoc tit cdc tham s& vat 1y.

Dic trung ddy dl nguyén liéu FCC cho phép ching ta dinh gid mot cdch dinh tinh va
dinh lugng vé tinh hinh hoat dong cha nha méy lgc ddu. M6 hinh hoa qua trinh duoc thuc
hién dya vdo cdc tinh chdt cla nguyén lieu, d€ tién dodn hiéu susit san phdm FCC va chat
lugng cha cde san phdm. M6 hinh céng nghe duge st dung hang ngay dé theo dai hoat dong
cta phan xudng, danh gis chét xic tic, t6i wu hod qu4 trinh,

Hi¢n nay, khong c6 mét dai lugng kinh nghiém tiéu chufn ndo. Tuy nhién, mot s it
hang dé ra cdc dai lugng kinh nghiém riéng cda minh, diéu dé ciing rdt ¢6 loi cho viec dénh
gia chat lugng nguyén liéu va hiéu sudt san phdm. N6i chung, céc dai lugng kinh nghiém d6
déu bao gém hdu hét hojc mot s& tinh chat vat 1y nhy nhau. Hién nay, ngudi ta thudmg hay
dung cdc dai lugng Kinh nghiém: thira s6 K, hé thitc TOTAL, phuong phdp n-d-M, phuong
phép APIL.

o Thira s6 K

Thira s6 K 12 mot chi s8 rat hitu ich dé xét dodn kha nang cracking clia mot nguyén
liéu. K lién hé véi ham lugng hydro cia nguyén liéu: K duge tinh todn dwa vio cdc s6 lign
chung cdt va mat d6 cla nguyen liéu. Thira s6 K cang cao, cang thé hién d6 parafin cao va
kha nang cracking t6t. Gid tri K hon 12,0 ching té nguyén liéu la parafin, thdp hon 11,0,
nguyén liéu la aromat.

Twong ty nhit diém anilin, thita s6 K thay déi tir nguyén liéu gidu parafin dén nguyén
li¢w gidu aromat. Tuy nhién, trong mét khoang hep (K = [1,5 - 12,0) K khéng c¢é méi quan
hé nao giita aromat va naphten. Thyc viy, trong khodng d6, K bién déi rdt tuyén tinh véi
ham lugng parafin. Thira s6 K khéng cho biét cic thong tin vé ti s6 ham lugng giita naphten
va parafin. T¥ 56 d6 c6 thé thay déi ding ké d6i véi mot gid tri K nao dé.

K dugc tinh todn tir nhiét d¢ s6i va mit d6é cha nguyén liéu. Hién nay, ngudi ta sit
dung hai phuong phdp kinh nghiém dé tinh K: Ky va Kygp.

_ (MeABP+460)'/°

Kw = (1.4)
CABP + 460)!/3
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trong dé:
MeABP: di€m séi trung binh, °F;
D: ti trong & 60°F (15,5°C);
CABP = I(F,; x TB;'?)*;
vii:
F,;: phdn thé tich cta cfu tir 1,
TB;: nhiét 46 s6i tiéu chudn cta cfu tir i, °F.

e Cdc hé thie TOTAL

Cdc hé thilc TOTAL cho phép tinh todn ham lugng céc cacbon aromat, trong lugng
phan tir va chi s6 khic xa dya trén céc thi nghiém thong thuéng & phong thi nghiém. Cic hé
thitc ndy nhu sau:

Ham luong cacbon aromat (%Kkl):

Ca =-814,136 + 635,192.RI(20) - 129,266.D + 0,1013. MW - 0,304.S — 0,872.In(v)

Ham lugng hydro (%Kk1):

H, = 52,825 - 14,26.RI{20) - 21,329.D - 0,0024.MW — 0.052.5 + 0,757.In(v) (1.6)

Treng lugng phan tir (MW):

MW = 7,8312.107° D 700976 5 p0.1238 (1-7)

Chi s6 khiic xa & 20°C RI(20):

RI(20) = 1 + 0,8447.D %2 (VABP, - + 273,16) 00537 ppy 00044 (1-8)

Chi s6 khiic xa & 60°C RI(60): '

RI(60) = 1 + 0,8156.D' 2> (VABP, + 273,16) %0576 ppyy ~0.0007 (1-9)
trong dé:

S : ham lugng cia luu huynh % khéi lugng;

v: do nhét & 100°C;

AP,°C: diém anilin °C;

D: ti trong & 20°C;

VABP: nhiét d¢ s6i trung binh theo thé tich chung cat, °C;

T(0%) + T(50%) + T(90%)

v =
ABP 5

v&i T(a%): nhiét d6 s6i cha phin thé tich di chung cét ing véi a%, °C.
e Hé thite n-d-M"
Heé thiic n-d-M la mét phuong phép (ASTM D-3238) d€ dénh gi4 su phan b6 cacbon

* Cac ky hiéu n, d, M dugc giii theo tén goi truyén thdng cta phueng phép.
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tirng loai hydrocacbon trong cacbon téng s6. Heé thitc kinh nghiém nay dua trén céc chi s6
khic xa (n), ti trong (d) va trong lugng phan tir trung binh (MW) va ham lugng luu huynh
(S). Chi s6 khiic xa va ti trong déu duge do & 20°C. Luu ¥ riing hé thic n-d-M cho phép tinh
todn phdn tram cacbon trong cdu triic clia vong aromat. Vi dy, n€u c6 toluen trong nguyén
li¢u thi phuong phip n-d-M cho s6 liéu cacbon aromat 13 85%, nghia la twong Gng véi 6
cacbon trong vong benzen, khong ké 1 cacbon mach bén: 6/7 = 0,85 (85%).

Phuong phdp n-d-M rit nhay véi chi s6 khiic xa vd mat d6. Phuong phép d6 dua vao
cac phép do chi s6 khiic xa & 20°C. Song, hdu hét cic nguyén lieu FCC & 20°C déu & trang
théi rin, do d6, khiic xa k€ khong thé do chi s6 khic xa v mat d6 & nhiét do d6. DE sir dung
phuong phdp n-d-M, chi s&¢ khic xa & 20°C cdn duge xdc dinh bing cdc hé thic khéc da
duoc cong bs. Vi thé phuong phip n-d-M thudng duge sir dung két hgp véi cac hé thitc khéc,
nhu hé thic TOTAL.

e Phuong phdp API

Phuong phép API 14 mot phuong phép téng quat nhim dénh gis phdn mol chia c4c chat
parafin, naphten hodc aromat d6i v6i mét nguyén liéu khong chita olefin. Su thiét 1ap céc
phuong phép tinh dua trén co s& chia hydrocacbon thanh hai dang phan tir: phdn hydrocacbon
ning, trong Iwong phan tir MW < 600 va phidn hydrocacbon nhe 70 < MW < 200. Cic cong
thic API duge cong bo trong cde s8 tay loc hod ddu.

Nhu vay, nguyén liéu cho FCC bao gom cdc dang hydrocacbon khdc nhau: parafin,
olefin, naphten va aromat (PONA); va mot s6 tap chat chita N, S, cdc kim loai (Ni, V,
Na...). Viéc xdc dinh chinh xdc cdc hgp phan PONA va cdc tap chdt trong nguyén liéu FCC
Ia diéu hét sic quan trong khong nhiing cho cdc tinh todn thiét ké'thiét bi, lua chon chdt xic
tde, xdc dinh hiéu sudt sdn phdm ma con cdn thiét nhdm xit Iy kip thoi cdc sy c6 trong qud
trinh van hanh sdn xudt.

Thanh phdn hod hoc cita nguyén liéu thwong lién quan chdt ché voi cdc tinh chdt vit
1y: nhiét do séi, chi 56 khiic xa, mdt d6 nguyén liéu... Do dé, nhiéu khi khong thé va khong
cdn xdc dinh truc tiép thanh phdn hod hoc, ngudi ta cé thé sit dung cdc tham sé vét Iy va
théng qua cde hé thitc kinh nghiém: K, TOTAL, n-d-M d¢ ddc trung nguyén liéu mét cdch
thudn tién, nhanh chong.

1.5. Cac san pham cla FCC

Cracking xdc tdc 12 mot qué trinh nhdm chuyén hod gas oil thanh cic san phdm cé gid
tri hon. Muc dich chinh clia c¢dc phan xudng FCC 13 chuyén hod cuc dai gas oil thanh
gasolin va LPG.

Cic san phdm chli yéu cda cong doan FCC 12: khi kho, LPG, gasolin, LCO, HCO, d4u
gan va cdc.
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o Khi kho

Céc khi nhe (C; va nhe hon) thodt ra tir thap hdp thu ddu dugc goi ta khi khé. Chc cu
tir chinh cda khi kho Ia hydro, metan, etan, etylen vi H,S. Ngay sau khi duge xir 1y v6i amin
dé téch H,S va céc khi axit khéc, khi duge tron vao hé khi nhién liéu (fuel gas) ciia nha mdy
loc ddu. Tuy thudc vao thanh phdn clia hydro trong khi kh6, mét s6 nha loc ddu thu héi
hydro bang cdc k§ thuit nhu 1dm lanh, hip thu dudi ip sufit thay déi (pressure-swing
absorption) hofic mang phan riéng. Hydro thu héi duoc sir dung trong cdc qua trinh hydro -
Xt ly. _

Khi kho 12 mét san phdm khéng mong muén cia phan xuong FCC, khi khé nhiéu qud
gdy ra qué tdi mdy nén khi uét (WGC, wet gas compressor) va thudmg gay bét loi. Khi kho
duge tao ra chit yéu do cracking nhiét, dehydro ho4 trén tap chét kim loai, va do cracking
xiic tic khéng chon loc (chét xic tic ¢6 lyc axit qud cao ...).

* LPG

Dong san phdm thodt ra tir phdn trén thdp téch butan hodc thap 8n dinh 1a mot hén hop
cdc hydrocacbon C; va C, thudng dugc goi 1a khi hod 1éng tir ddu md LPG (liquefied
petroleum gas). LPG chia nhiéu olefin, propylen va butylen. Cic olefin nhe nay déng vai
trd quan trong trong viéc san xudt gasolin cai bi€n, RFG (reformulated gasoline). Tuy thude
va0 cd cdu clia nha mdy loc ddu, LPG clia FCC duge sit dung trong cic dang sau day :

- San phdm hod chat: LPG dugc tdch thanh hydrocacbon C; v C,. Cy duge bén dudi
dang propylen c6 d6 sach hod chdt hoac d¢ sach céng nghiép. Cic olefin C, duge sir dung dé .
polyme hoa hoiic ankyl hod.

- Pha tron truc ti€p: Cdc hydrocacbon C; duge pha trén vao gasolin dé diéu chinh 4p
sudt hoi va thay d6i gid tri octan. Tuy nhién, cdc tiéu chuin chat lugng méi vé gasolin yéu
cdu phii gidm 4p sudt hoi bio hol, do d6 mot lugng 16n C, duge sit dung vao cic muc dich
khéc thich hgp hon.

- Ankyl hod: Olefin tdc dung véi isobutan d€ tao ra cic san phém rét 5t cho pha tron
gasolin. Céc ankylat (sin phidm ankyl hod) 1a cdc hop phén pha tron gasolin rat ua chudng vi
chiing khong chda aromat va sulfua, va ¢6 4p suft hoi thip, di€ém s6i thp va cé gid tri octan
cao.

- MTBE : isobutylen tic dung v6i metanol dé tao ra mot oxygenat 1am phu gia rét 6t
¢ho gasolin thudng duge goi 14 MTBE (methy! tertiary buthyl ether). MTBE dugc thém vio
gasolin d€ dap ting nhu c4u t6i thiéu cho gasolin cii bién.

* Gasolin

Gasolin FCC 1a mét san phim chl yéu va ¢6 gid tri clia phan xudng FCC. Hiéu suft
gasolin ¢6 thé gia ting nhox
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- Tang i s6 chit xic tic/ diu bing cich gidm nhiét d9 gia nhiét nguyén lieu.

- Tang hoat tinh xic tic bing cdch tang lugng chét xic tic méi hoic bing chit xidc
tdc ¢é hoat tinh cao. :

- Tang nhiét d6 s0i cubi cia gasolin bing cich gidm t6c do hdi lwu dinh thép chung
ct chinh.

- Tang nhiét 4o reacto (n€u khéng din dén su cracking siu).

Chat luong gasolin chi y&u duge dinh gid bdi gi4 tri octan.

- RON va MON: gia trj octan ctia gasolin 1a thuée do dic tinh kich né cha gasolin va
duge xdc dinh theo phuong phdp tieu chufn ASTM. Gid tri octan cang cao kha ning chéng
kich né cang t6t, nghia 14 d6 6n clia déng co cing gidm.

Ngudi ta do gid tri octan thong qua cdc phép thir d¢ 6n cia cic dong ca don xylanh
trong phong thi nghiém véi s6 vong quay khic nhau & nhiét d6 khéng khi 49°C. Véi dong co
600 vong/phiit, gid tri octan do duge goi 12 RON (tri s6 octan nghién cttu, research octane
number), vé 900 vong/phit — goi 12 MON (tri s§ octan dong co, motor octane number).
RON dugce do theo tiéu chudn ASTM-2669, con MON theo ASTM-2700. Nhu vay, s khic

nhau gita RON va MON thyc chit 1d mé hinh hoat déng cia ddng co trong hai diéu kién
khic nghiét khdc nhau.

Tri s8 octan cita mét gasolin cu thé dugc xdc dinh bing cich pha trén n-heptan (cé tri
s6 octan biang 0) va iso-octan (2,2,4 trimetyl pentan, ¢6 tri s6 octan bing 100) theo mot ¢ 1é
nao d6 réi thir 46 6n véi déng co. Vi du, moét gasolin cé do 6n dong co twong duong véi do
én clta hén hop chita 85% iso-octan va 15% n-heptan, thi miu gasolin d6 c6 tri s6 octan
la 85%.

- D¢ nhay octan: trit mot vai ngoai 1€, néi chung gid tri RON cao hon gia tri MON.
Dai véi cic hydrocacbon sach, su chénh Kch d6 12 tir 0 dén 15 don vi. Higu s8 giita RON va
MON dugc goi la dg nhay octan. Do nhay octan cang thip cang tét.

- Octan xa g (road octane) 12 gid tri trung binh cia MON va RON, (R+M)/2. Gi4 tri
trung binh nay dugc sir dung tai cdc tram bom xéng canh dudng, nén goi Ia octan xa 16. Cic
dong co 6to ¢4 ti 58 nén cao ddi hoi nhién léu cé chi s6 octan xa 16 cao.

- GC-RON: 1a RON gasolin duge xéc dinh bing phuong phédp séc ky khi, GC-RON
{gas chromatographic method). Phuong phip nay dwgc xay dung bdi Anderson (P.C.
Anderson et al, J. Inst. Petr., 38, 83, 1972) va sau d6 duge cai ti€n trong nhiéu phong thi
nghiém khic nhau. Theo phuong phap nay, gi trj octan cé thé duge tinh toan tir ham lugng
hydrocacbon clia sin phdm ldng, theo cdc s& liéu séc ky khi.

- Octan - barrel: octan - barrel 14 tich s6 giita phdn gasolin tinh theo barrel nhan dugc
trong qua trinh cracking va gia tri (M+R)/2 clia gasolin d6. Thong thudng, cdc nha loc diu
quan tdm dén viéc dat t6i da octan - barrel hon 12 d6i véi tri s6 octan ciia gasolin.
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¢ LCO (light cycle oil)

Nhiéu khi, do quan tim dén sin phim gasolin ma ngudi ta thudng khéng chi ¥ dén
cic sin phdm khéc ciia FCC, cu thé 13 d6i véi LCO.

LCO 1 phén san phdm thu duge & thip chung c4t san phdm FCC. N6 ¢6 khoang nhiét
d6 s6i cao hon gasolin, tir 220 - 350°C. LCO 1a chi¥ viét tét ciia nhém tir light cycle oil, san
phdm nay chifa cic vong thom nhe. LCO cé ham lugng aromat cao, c& tir 50 - 75%Kkl1. Trong
dé6, 30 - 50% aromat t6n tai dudi dang cdc phan tit chita 2 va 3 vong thom.

LCO dugc sir dung rong rai nhu 12 mot san phdm dé pha tron vao ddu d6t va nhién lieu
diezen, nhat la trong mia déng, gid ban LCO nhiéu khi lai cao hon gasolin. Do dé, cdc nha

loc ddu thudng diéu chinh hoat déng ciia cong doan FCC d€ tao ra hiéu sust gasolin va LCO
hop 1y, dép fing nhu cdu thi trudng.

Chat lugng clia LCO duge dénh gid qua gid tri xetan va ham lugng luu huynh.

Can ct vdo hai chi s6 nay, ngudi ta méi biét duge luong LCC duge phép pha vae ddu
d6t va diezen dé dam bdo tiéu chuén chét luong dat ra.

Xetan

Tri s6 xetan 1a gid tri bing s6 dac trung cho tinh bét 1¥a cita nhién liéu. Octan va xetan
1a 2 dai lugng nguoc nhau dic trung cho tinh chét chdy cla nhién li¢u. Céc chit 1am ting tri
s¢ octan s& lam giam tri s6 xetan. Vi du, hydrocacbon parafin mach thing cé tri s6 octan
thdp nhung lai ¢é tri s6 xetan cao; aromat c6 tri s6 octan cao nhung c6 tri s6 xetan thép.

Tri 56 xetan dvge do bing dong co don xylanh trong phong thi nghiém. Trong thuc t€,
ngudi ta hay dung dai lugng goi 12 chi s& xetan CI (cetane index). Chi s§ xetan CI duge tinh
todn tir cdc phuong trinh kinh nghiém. Hdu hét cic nha loc ddu déu dung céch tinh cla
ASTM D-976-80 nhu sau:

CI = 65,011(logT)* + [0,192(°API).logT] + 0,16 (CAPI)? - 0,0001809(T)? ~ 420,34 (1-10)
trong d6, T 1a nhiét d6 tai diém séi 50%, °F.
°API duge x4c dinh & 60°F (15,5°C).
Vidu: T =S550°F (288°C), °API = 19
Tinh ra C1 =289
LCO thudmg ¢6 chi s6 xetan thip, CI = 20 - 30.

Hydro-xir 1§ LCO c6 thé tang tri s6 xetan. Mitc d9 cai thién tri s6 xetan ciia LCO tuy
thugc vao diéu kién khic nghiét chia qué trinh hydro-xir 1y.

¢ HCO va ddu gan (DO)

HCO 12 san phdm nhan dugc tlr thap chung cét san phdm FCC, cé khodng nhiét dé s6i
nam giita LCO va DO (d4u gan, decanted oil). HCO 14 tén viét tit cha heavy cylce oil, ddu
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(chia) nhiéu vong thom ning. HCO thudmg dugc sit dung nhy dong héi luu cla thip chung
cét nhim truyén nhiét cho nguyén lidu méi va/hodc cho bo phan gia nhiét cha thap tich C,.
HCO ¢6 thé duge xir Iy tiép trong cong doan hydrocracking, hoic dwge ding dé pha tron véi
ddu gan.

Diu gan (DO) 1A san phdm nang nhit cha céng doan cracking xiic tdc. DO cdn dugc
goi la diu sét, dau ddy va ddu can FCC.

DO 12 san phém c6 gid tri kinh t€ thdp nhat, nén ngudi ta c6 ging han ché hiéu suit
DO. Hi¢u suit DO phu thudc nhiéu vao chédt luong nguyén liéu cracking va do chuyén hos.
Nguyén liéu gidu naphten va aromat cé xu huéng tao ra nhidu DO hon nguyén liéu giau
parafin. Néu do chuyén hoé th&p dén trung binh, khi ting ti s& chat xic tic/ddu hoac sir
dung chét xiic tic c6 pha nén hoat dong thi c6 thé diin dén gidm hiéu suit DO. Tiang do
chuyén hoa, 1am gidm hiéu suft sin phdm ddy.

s Coc (coke)

Trong qué trinh cracking, mot phdn nguyén liéu bi chuyén hod thinh c¢6c do céc phan
ting cracking thi c4p, polyme hod, ngung ty... C6c duge hinh thanh trén bé mait chit xuc tic
din dén sy suy giam hoat tinh chdt xdc tdc. Do vay, d€ hoan nguyén hoat tinh ciia chdt xdc
tic, ngudi ta phai dot chdy cOc trong thi€t bi hoan nguyén (regenerator). Tuy nhién, c6c 1a
mot san phdm phu cdn thiét cho su hoat dong binh thudng cho cong doan FCC, bai vi nhiét
thodt ra tir phan Ung d6t chdy céc 1ai bao ddm ché d¢ nhiét (nhiét d6) cho reacto cracking.

Sy hinh thanh, ban chit, anh hudng clia c6c dén hoat tinh xiic tdc duge xem xét ky
trong chuong 2 va 3.

Sau khi cracking cdc sdn phdm cia cong dogn FCC duge phdn riéng theo khodng
nhiét d¢ s6i: khi kho, LPG, gasolin, LCO, HCO, DO va céc. Trong dé, gasolin la sdn phdm
quan trong va cé gid tri nhdt. Hiéu sudt cde sdn phdm FCC dé phu thudce vao nhidu yéu (6"
ngudn nguyén liéu, bdn chdt va kiéu loai chdt xic tdc, diéu kién van hanh va y dé kinh té -

céng nghé cia nha loc dau.
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CHUO‘NG 2
HOA HOC QUA TRINH CRACKING XUC TAC

2.1. M& dau
Cdc phan (ing cracking thue hién cdc phan cét lien k&t C-C, va vi dé 13 cic phan ting
thu nhiét nén xét vé mat nhiét dong hoc, chiing duge tién hanh thuan loi & nhiét dé cao.
Qua trinh cracking hydrocacbon c6 thé bao gdm cdc phén tng cy thé sau day:
1. Parafin bi cracking cho olefin va cdc parafin nhé hon:
CoHzneg =™ CiuHpm + CHyppn @2-1)
Olefin '
Véi n=m+p
2. Olefin bi cracking cho olefin nhé hon
CoHay =™ CHyp + CHy, (2-2)
Véin=m+p
3. Cic alkyl hydrocacbon aromat (cdc hydrocacbon vong thom viét tit ArC H,,,|,
trong d6 Ar: géc hydrocacbon aromat, C H,,,; g6¢ alkyl)
ArC Hy . — AtH + CH,, (2-3)
Aromat Olefin
4. Thay vi phan dng dealkyl hod, phian tng cracking mach nhénh ciia vong thom cé
thé xay ra:
ArCHyy —  ArGHy( + CHy,, (2-4)
Hydrocacbon vong thom  Parafin
c6 mach nhinh olefin
Véin=m+p
Céc hydrocacbon aromat khong c¢é nhém thé tuong d6i khé bi cracking & diéu kién
cong nghiép vi su bén viing clia cdc vdng thom.
5. Cracking naphten (xycloparafin) tao ra cic olefin:
CoHy, = CHyy + CHy, (2-5)
Olefin  Olefin
Véin=m+p
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Néu parafin mach ¢6 chita mét vong xyclo hexan thi vong dé khéng bi pha va:
C,Hy, —> CH;, + CyHp, + CiHy, (2-6)
Xyclohexan Olefin Olefin
Vdin=m+p
Cic phan ng thi cdp xay ra ti€p sau cdc phan tUng cracking so cdp déng mét vai trd
quan trong trong viéc x4c 14p thanh phéin san phdm cudi cling trong qué trinh cracking.
Céc phan dng tha cdp thudmg la:
6. Chuyén dich hydro’

Naphten + Olefin — Aromat + Parafin (2-7
Tién chat c6c aromat + Olefin —> Cdc + Parafin (2-3)

7. Isome hod
Olefin — Isoolefin (2-9)

8. Chuyén dich nhém alkyl
C6H4(CH3)2 + CﬁHﬁ — C(}HS(CH_;) + C6H5(CH3)

9. Phan iing ngung tu (condensation reactions):

CH= CH,
@ + R,CH=CHR, - R + 2H (2-10)
2

R,
10. Phén tng tdi phan b6 cic olefin phan tir luong thip
2H,C=CHCH,CH, —> H,C=CHCH; + H,C=CHCH,CH,CH;  (2-11)

Trong diéu kién cong nghiép, cdc phan img cracking chinh khéng bi han ché bdi can
bing nhiét dong hoc, tai can bﬁng céc hydrocacbon déu ¢é thé phan huy hoan toan thanh
cacbon graphit (C) va hydro (bang 2.1). Nguoc lai, cdc phan dng phu nhu isome hod, tii
phan b6 nhém alkyl, va dealkyl hod cdc aromat ¢6 thé xay ra chi & mitc d6 nhd trong diéu
kién cracking cong nghiép. Cic phan ing alkyl hod parafin - olefin, hydro hod aromat va
polyme hod olefin (ngoai trir polyme hod etylen) déu hoan toan khong xay ra.

Céc phan tng cracking thu nhiét manh, isome hod ¢6 hiéu dng nhiét nhd, cdn phan
ttng chuyén dich hydro toa nhiét. Trong qué trinh cracking, cdc phin ting thu nhiét ludn luén
chi#m vu thé, hieu ting nhiét clia qué trinh phu thudc vio ngudn nguyén ligu, chit xic tdc va
diéu kién phdan idng.

* Con goi la st chuyén dich hydrua, vi thyc chét d6 12 sy chuyén d8i H trong va gilta céc phan i
phan dng.
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Béing 2.1. Hing s6 can bing hoa hoc ciia cic phan iing cracking hydrocachon

Phin img Hing s8 can bing

C,Hn = nC + mi2H, (trirkhin =1

mm (Graphit 2 ) | Rt lon
CoHn —> CH; + C, (Hy (trirkhin = 1) Rat Jon
Parafinién —>  Parafin + Olefin Rat lon
Olefin lon — 2 Olefin Rat Ign
Parafin — Aromatic + H, Rat lon
Parafin + H, — 2 Parafin nhé hon Rat lan
Hydroaromatic + Olefin — Aromatic + Parafin R4t 16n
Béng vong olefin thanh naphten {1-hexen — Xyclohexan) Trung binh (15,2)
Isome hoa olefin (n-buten ~— isobuten) Trung binh
Isome hod parafin (n-butan — isobutan) Nhé (0,51)
Dehydro hoa dong vong parafin (n-hexan — xyclohexan + H,) Nha {0,073

e Cracking nhiét

Trude khi phdt hién ra cdc chét xic tdc cracking, ngud. ta ti€n hanh cracking céc
hydrocacbon khéng ¢6 mit chit xiic tic - cracking nhiét. Qu4 trinh dé dén nay vin con déng
vai trd quan trong trong viéc chuyén hoi naphta’ thianh céc olefin nhe va dé xir Iy cdc
nguyén li¢u ning. Khi khong ¢6 mat chat xic tic, & nhiét dé cao, céc hydrocacbon bi
cracking nhi¢t theo co ché& gac tv do.

Giai doan khoi mao cla cracking nhiét mot parafin 13 sy phéan cit déng ly (homolysis)
cia lién két cacbon - cacbon:

i iy
Rl_ (]:—l-Rz — R]- (I:. + .(’:_ R2 (2'13)
H H H H

G6e vira duge hinh thanh ¢6 thé bi phan cit cho etylen va mét gdc bac mot cé s6
nguyén tir cacbon ft hon 2 (so véi g6¢ ban ddu). Quy tic kinh nghiém phan cit B cho ring,
s phan cit lién ket C~C & vj tri B d6i v6i cacbon mang electron khong cap doi:

p . ’
RCHz“CHz—CHz — RCI‘IZ + CH2=CH2 (2-14)

Géc ty do bac mot vita méi hinh thanh c6 thé ti€p tuc b phan cit theo quy tic B dé
cho etylen va cdc g&c méi nhé hon cho dén khi tao ra mot géc metyl. G6¢ metyl két hop véi
mot g&c H' cita mét phan tir hydrocacbon khéc dé tao thanh mot metan va mot goc thir cap:

* Naphta: phan doan ddu nhe clia xang, Khoing Cs - Cy;, la nguén nguyen licw cho qu4 trinh hoi nudc -
cracking (steam cracking).
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H;C + RCH,CH,CH,CH,CH,CH,CH, —> CH, + RCH,CH,CH,CH,CHCH,CH, (2-15)

G6c nay lai bi phan cit theo quy tic B dé tao thinh mét a-olefin va mét g6 tr do bac
mot.

RCHZCHQCHzE CHz(SHCHZCH_; —> RCHZCH2C.H2 + H,C=CHCH,CH; (2-16)

Su 1ap lai phdn &ng nay va cic phan vng (2-14) va (2-15) diin dén sy hinh thanh mot
lugng 16n etylen, mot it metan v olefin.

Tuong ty nhu g6c metyl, géc RC'H, ¢6 thé ket hop véi géc H' tach tir mét parafin
khic dé tao ra mét g6 tu do bac 2 va mdt parafin nhd hon, nhung phan dng d6 xdy ra véi
téc d¢ cham hon so véi C'Hj vi tinh én dinh clia RC'H, cao hon. Chi khoang 10% cia cac
chudi g6c b bién ddi theo kiéu nhu thé truée khi bi phan cit dén C'H,. Thye vay, Iugng
parafin duge tao ra trong cracking nhiét rét it, khi néng d6 hydrocacbon cao, phan 1ing
chuyén chudi gb¢ trd nén quan trong hon, va san phdm cracking nhiét cé néng do cao cia
c¢dc parafin phan tir 16n vi céc olefin, dic biét, tir Cy~, dén C;°.

R,CH, + RCH,CH,CH,CH,CH,CH,CH; —>

—» R,CH; +RCH2CH2CH2CH2CH26HCH3 (2-17)

Cdc g6c ty do khong bi isome hod bing cich chuyén dich cic nhém alkyl hoac

chuyén dich cdc tdm géc tir cacbon nay dén cacbon khic trong chudi. Vi cde géc tu do bac 1

kém bén nhiét dong hoc hon so véi géc bac 2 va géc bac 3, nén cdc g6c¢ bac 1 chubi dai ¢é

the ty “cuon” lai dé “chi€m” 14y géc hydro H' tir cc vi tri bac 2 hodc bac 3 ngay trong ban
than chuédi géc dé:

: NG
G
RCHCH,  CH, — RCCH;  CH, (2-18)
CH,CH,~ CH, CH,CH,- CH,

Phin (dng d6 va phan (ng (2-17) 12 rdt quan trong boi vi chiing tao ra céc san phdm it
etylen hon va giau gasolin hon.

Phin tng két hop giita cdc g6c tr do (2-13) x4y ra véi xdc sudt khong lén 13m, bdi vi
ndng do cla cic gdc tu do thdp. Cdc phin ing déng vong vi phan img ngung tu xdy ra vdi
mifc do rdt khong ddng ké trong cracking nhiét, tuong dng véi lugng nhira aromat thu duoc
rét it.

Ti l& tuong d6i vé kha nang tdch géc hydro tir cic nguyén tir cacbon khde nhau cha
mét parafin duge du dodn theo ly thuyét clia Rice va déng su nhu sau: d6i véi nguyen tir
cacbon bac mot: 1; déi vdi nguyén cacbon bac hai: 3,66 va d6i v6i nguyén tir cacbon bac ba:
13.4. Ti 1¢ twong d6i cla t&c dd cracking cdc parafin mach thing va mach nhanh c6é thé du
dodn theo ly thuyét d6, v6i gia thuyét 12 giai doan tich nguyén tt hydro 13 cham nhat. Tir
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cdc nghién cu thye nghi¢m vé cracking nhiét ciia nhiéu parafin ¢ thé nhan thay ring, ti lé
tach nguyén tir hydro 1a 1 : 3,66 : 14,4. K&t qué d6 khd phi hop véi 1y thuyst.

Su phan bd sdn phdm cracking nhiét cia naphta va cla n-hexadecan duge trinh bay
trong bang 2.2. Pring nhu dy dodn, hi¢u sudt etylen cha hai trudng hop déu cao. D6i véi
n-hexadecan, ngudi ta thdy cé mit mot luong tuong ty nhau clia cic san phdm Cs va cdc hop
chit aromat ¢6 phan tir lugng cao hon.

Bang 2.2. Cracking nhiét hydrocacbon

Cracking nhiét naphta & thiét bi Cracking nhigt n-hexadecan™ & quy ms phang thi nghiém
cdng nghiép {(mol{100 mol cracking)

San phim %mol San phim Thuc nghiém Tinh toan
Hydro 16,2 Gy 53 61
Metan 25,7 c, 130 139
Axetylen 1.4 C, 60 : 50
Etylen 30,7 C, 23 27
Propadien 2,5 Cs 9 15
Propylen 0,8 Ce 24 A7
Propan 75 G, 16 14
Butadien 0.2 Gy 13 12
Butylen 2.4 Cy 10 1
Butan 1.0 Cio 11 10
Léng C’ 11,5© o g 9
Téng cong 100 Ci 7 8

H/C clia Cg" =1,0 Cis 8 7
| Cia 5 7
iC4/C, = 0,07

(a): Thoi gian ti€p xide trong 1d Sng = 0,05 - 0,1 gidy, nhiét do ~900°C.

(b) T6c do khong gian chét 1ong LHSV = 0,05. Reacto chita 16p dém thach anh, do chuyén hod
31.5% khdi lugng.

(c) Xdc dinh trén co sé C;H,.

Tdm lgi, nhing ddc diém quan trong cia cdc phdn ing cracking nhiét 1a: sit phdn cdt
lién két cacbon - cacbon xdy ra & vi tri § doi véi nguyén tit cachon ¢é electron chua cap
déi; xdc sudt chuyén doi géc tw do tit hydrocacbon nay sang hydrocacbon khdc la khéng
ddng ké; va su chuyén dich electron chua cdp doi tix nguyén tir cacbon nay sang nguyén tr
cacbon khdc Ia hdu nhu khong thé, nghia la goc e do khong thé thie hién cic phdn iing
isome hod bang cdch chuyén dich nhém metyl. Ly thuyét cracking nhiét rdt phit hop véi cée
du dodn vé hig¢u sudt cao cia etylen, hiéu sudt thap ciia metan, ctia a-olefin, sit ving mdt ciia
cdc sdn phdm isome hod va ti s6 cao ciia olefin so véi parafin trong sdn pham cracking nhiét.
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2.2. Cracking xlc tac

Céc phdn ng cracking xay ra nhd cdc chit xiic tic axit theo co ché cacbocation. Co
ché nay duge dé xudt ddu tién bdi Gayer (F.H. Gayer, Ind. Eng. Chem, 75, 1122, 1935) nim
1933, sau d6 duge Hansford (R.C. Hansford, Ind. Eng. Chem. 39:849, 1947), Olah va
Thomas (C. L. Thomas, Ind. Eng. Chem., 41:2004, 1949) ing ho, ciing c& va phat trién. Dén
nay, co ché cacbocation trong cracking xtc téc di hdu nhw dugc hoan toan thita nhan. Do
dé, nhitng hiéu biét vé bin chat, vé sy hinh thanh clia cic cacbocation 14 hét sic cin thist dé
nghién ciu cdc phan dng xay ra trong qué trinh cracking xde téc.

2.2.1. Cdc kién thutc co sd vé cacbocation

(i) Danh phdp

Theo danh phdp ctia UIPAC thi thut ngit cacbocation duge ding dé biéu thi cho cdc
cation hitu co duge hinh thanh nh& thém moét proton (H*) vao mét phan tir hitu co hoac tich
ra mét ion hydrua (H ) tir mot phan tir hif co.

Cacbocation gém hai loai ion:

- Ion cacbeni*: 1a cdc cacbocation, trong d6, cacbon mang dién tich duong c6 s6 phéi
tri ba, vi du nhw: CH;", C,Hs*, C4H,*, (CH,),C*... -

- Ion cacboni: la cdc cabocation, trong dé, cacbon mang dién tich duong cé s phéi tri
nam, vi du nhu: CHs', CgH,", R -CH;*-CH,-R,,...

Céc ion cacbeni khdc nhau duge goi tén theo tén clia g6c alkyl tuong iing va thém mot
tir cation & phia trude tén gée alkyl. Vi du:

+ CH;™: cation metyl, C,Hs" cation etyl, C;H,* cation propyl, (CH,);C* cation rert-
butyl,... _

Hoic d6i khi ngudi ta c6 thé goi tén theo moét cach khic: goi CH;" 12 ion cacbeni, d6i
v4i céc ion khdc thi chen tén nhém alkyl thay thé H ctia CH;" vio giita 2 tir jon va cacheni.
Vi du:

CH;*: ion cacbeni

CH;~CH,": ion metyl cacbeni

C,H;s—CH,": ion etyl cacbeni

CH;-C"H-CHj;: ion dimetyl cacbeni.

(ii) Co ché hinh thanh cdc cacbocation

C6 nhiéu cich hinh thanh cacbocation. Sau day 13 mot s6 trudng hop thudng gap:

a) Thém mét proton vao mét phan tir chita béo hoa

* Xin lvu ¢ rdng, hién nay cdc i lidu (séch gido khoa, gido trinh...) & Viét Nam vin dang ding
danh phép ci.
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- Olefin: sy hinh thanh cacbocation bing cdch them mét proton viio mot phan tir olefin
xdy ra nhu sau: proton tin céng vao cic electron m; sau d6, lién k&t o (C-H) duge tao thanh
v6i mot trong 2 cacbon ciia lién k&t doi, va cacbon thit 2 d6 mang dién tich duong. Ion
cacbeni dugc tao ra nhu trén ¢ mot cacbon lai hod kiéu sp2 va ¢6 mét cfu hinh phing xung
quanh cacbon mang dién tich duong,.

Vidu: H
i cacbocation

(céu hinh cia cation propyl bac 2)

Nhiing phén tir ndo cé ciu tric khéng gian cin trd cfu hinh phing dé s& tao ra céc ion
cacbeni kém bén viing.

- Hydrocacbon aromat: sg proton hod mét vong aromat xay ra theo co ché€ tuong tu
trudmg hop trén, nghia 13, proton tuong tdc véi cdc orbital cha nhan aromat, sau d6, hinh
thanh mot lien két ¢ (C-H). Tuy nhién, khdc véi trudng hop trude, trong trudng hop ndy
dién tich duong khéng dinh xif tai mot cacbon nhét dinh ma dinh xit trén ca nhan thom.

H H

O =G e

b) Thém mot proton vao mét phdn ti bao hoa

Proton hod mét hydrocacbon bio hoa cin mét axit c6 lyc “cho proton” rédt 16n. Ngudi
ta thira nhan ring, proton hod mét parafin xay ra qua mét hop chat trung gian c6 mét cacbon
phdi tri 5. Su hinh thanh mét ion cacboni xust phét tir metan 12 ion CH;*. Ton d6 gém 3 lién
két d6ng hod tri 2 electron, va mot lién két gém 2 electron va 3 tam, nhu so dé

N H
—C
s H

Ll

Proton hod mot alkan chifa 2 hedic nhiéu nguyén tir cacbon ¢é thé xay ra & lien két
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C-H va hinh thanh mét lién két H~H twwong d&i manh, hoac xdy ra & lién két C—C, nhu so dé
sau day.

Nhu vay, tinh kiém cla cic lién két C-H va C-C cia c4c alkan s& quyét dinh kha
ning tdn cdng cta proton 1én céc lién két d6.

¢) Chuyén dich electron

Céc axit Lewis, n6i chung, ¢6 kha nang tao ra cic ion cacbeni xudt phat tir cic alkan.
Co ché& hinh thanh d6 c6 thé nhu sau:

Chuyén dich moét electron tir alkan d&n axit Lewis (L)
RH + L — RH" + L~
Tié€p dén, phan huy géc tr do cation RH* thanh R*
RH* + L™ == R*' 4+ HL
d) Phan cdt di ly mér phdn 1t bdo hoa
Sy phan cét di ly ndy duge thyc hién & lién ket cacbon-cachon ciia alkan. Sy phan cét

thye hi¢n do hiéu ting nhiét thudng tao ra 2 g&c ty do, tuy nhién, khi cé mat mét axit thi cé
thé tao ra mét cip ion, trong dé ¢é mot ion 14 cacbeni,

RIRZ —» R1+R2_
(iii} Pd bén nhiét dong cia cdc ion cacbeni
Nang lugng hinh thanh (AH,) cic ion cacbeni ting theo s6 nguyén tir hydro lién két

véi nguyén tir cacbon mang dién tich duong. Céc gid tri ning lugng hinh thanh tuong d46i
clia cdc ion cacbon bac 3, bac 2 vi bac | nhu sau:

Ion (CH3),C* (CH;),CH" | CH,;CH,CH,"
Gid tri tuong d6i cha AH,, (kcal/mol) 0 14 21

Tir cdc s6 li¢u trén, c6 thé nhan thiy ring, d6 bén nhiét dong clia cdc ion cacbeni gidm
theo trat tur san day:

R;C" >> R,CH® > RCH," >> CH,*
Vi duy, phan iing
CH3—CH2—C+H—CH3 — (CH3)3C+
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¢6 bién thién hiéu Gng nhiét phan tmg AH,, = —14 kcal/mol
Nhu ching ta da bi€t, bi€n thién nang luong ti do ciia phin iing 1a:
AG,, = AH,, - TAS,,
Néu gia thi€t bién thién entropy cha phéan dng 13 khong déng ké thi:
AGy, = AH,,,
Va hing s6 can bang K, clia phén ung d6 & 25°C la:
AG,, = —RTInK,,
AG _ 14000
RT  1987x298
K,, = 1,85.10%

InKpy = - = 23,644

Nghia 12, khi cdc cation chifa cing mét s& nguyén tir cacbon nhu nhau thi hiéu suft
chuyén hod tlr cation bac 3 sang cation béac 2 13 rat 16n.

Hing s& clia phan dng:
RH + R, == R, + R;H
bing 1 néu cic cation R,* va R,* déu 12 2 ion cacbeni bac 3 (hoac bac 2). Néu R," la ion
bic 3 va R," 12 ion bac 2 thi hing s6 cin bing ciia phan ting d6 ~10'°, vi du phan tng:
(CH;3);CH + CH;-CH,-C’'H-CH; == nC,Hq + (CH,),C*

(iv) Cdc phdn émng cida cacbocation

Tét ca cdc cacbocation duge hinh thanh déu c6 thé tham gia cdc chuyén hod d€ sao
cho dat dugc trang thdi bén ving nhiét dong nhat, vdi téc d6 chuyén hod nhanh nh4t. Cic
chuyén hod dé 1a:

- Chuyén dich hydrua va chuyén dich nhém alkyl.

- Hinh thanh hoic phd v céc lién két cacbon - cacbon.

T4t ¢ cdc chuyén dich d6 c6 thé duge thuc hién ngay trong ban than mét phan tit hodc
gita cdc phan tir. Chinh nhitng chuyén dich nay 1a cdc giai doan *“chia khod™ clia céc phan
ng isome hod, polyme hod, déng vong, alkyl hod va cracking clia cdc hydrocacbon.

1. Chuyén dich hydrua va chuyén dich nhém alkyl

Su chuyén dich ndy xay ra bdi moét qué trinh chuyén déi 1~2, nghia 12 bdi moét s déi
chd cia 2 dién tich duong tai 2 cacbon canh nhau. Néu céc ion cacbeni tham gia chuyén déi
€6 do bén nhiét dong xdp xi nhau, thi bién thién nang luong tu do AG* nhd, théng thudng
thdp hon 3 keal/mol va do dé t6c d6 chuyén dich lén”. ’

* Dua theo Iy thuyét phiic chat hoat déng (xem trang 256, Gido trinh Ho4 1y - Hod keo, Nguyé&n Hiu Phu,
Nha xudt bin KHKT, 2003) thi hing s& t6c do phan tng k = % ¢ 2ORT 181 AG nhé thi k 16n.

42



Vi du, d6i v6i ion cacbeni bic 3
Chuyén dich H

T g i ¢
C-C-C-C =—™= C-C-C-C
+ | 1 4
H H

~ | AG" =3 -3.5 kcal/mol
Chuyén dich nhém alkyl (Me: nhém metyl) > k=107-10% ¢!

- o
CC g g6 | aeuwo
C-C-C~-C == (C-C-C-C
+ | | +
C C J

Nhu vay, phan dng chuyén dich hydrua va nhém alkyl giita 2 cacbeni bac 3 XAy ra vdi
toc d¢ rit 16n.

Péi vdi cic ion cacbeni bic 2 ciling xdy ra tuong ty
Chuyén dich H

i H o .
C- g— ?— C = C- (I:_ E—C AG < 3 kcal/kmol
H H
Chuyén dich nhém alkyl
TR 5 o .
C- g- (F— C = C- ?— (;,‘— C AG ~ 2 kcal/kmaol
C C

Nguoc lai, khi chuyén tir mot ion bac 3 sang mot ion cacbeni bic 2 phai vugt qua mot
“thém nﬁng‘luqng” 1a 13 kcal/mol. Do d6, t6c d¢ chuyén dich 14 rdt nhd. Vi du, phan dng
isome hod cation 2,4,4-trimetylpentyl thanh cation 2,3,4-trimetylpenty] x4y ra vdi t6c do rat
nho mic dd d6 bén nhiét dong hoc cha 2 cation xdp xi nhau. Tuy nhién, dé thuc hién su
isome hod dé, cin phai vuot qua giai doan chuyén dich hydrua 1ao ra mét ion cacbeni bac 2
trung gian, chinh giai doan nay 12 giai doan cham, quyét dinh t6c d6 chung cla qu4 trinh
isome hod.

CHZC ~ H C ~ cCC
i oF H Cor 0 e U
C-C-C-C-C =— C-C-C-C-C == (C-C-C-C-C
A + + 0
C H C H H H
. -
—

Giai doan cham
AG” = 13,5 keal/mol
k=510"s" (tai -80°C)
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2. Sdp xép lai mach cachon

Su sip x€p lai mach cacbon cla cdc hydrocacbon theo 2 cdch: khong phan nhénh va
phan nhanh.

o Khong phdn nhdnh

Co ché ctia sy sdp xép lai nay dua trén cdc chuyén dich 1~2 clia cdc hydrua va cia céc
nhém alkyl va c6 mot giai doan chuyén qua ion cacbeni bac 2.

Giai doan chuyén dich cation bic 3 thanh cation bac 2 luén lam cho t8c d6 chung cia
phéan ting khéng 16n

CH

~ C ~ C ~ HC
| 1 H | + Me + | H | |
C-C-C-C === C-C-C-C === C-C-C-C == C-C-C-C
+
H H H H H H
Cation bdc 3 ——> Cation bic 2
M —
——
Giai doan cham
Phan tng:
¢ H H ¢
C-C-C-C == (C-C-C-C
+ | | +
H H
Véi AG = 14,8 kealfmol
Xay ra vé6i t6c d6 khong 16n, k = 10s™' (& 0°C).
Tuong tu, phan itng
- H fl¢
C-C-C-C-C === (-C-C-C-C
+ 1 | +
H H

Ciing c6 t&c d6 nhd k = 8.107* 57! (& -78°C).
e Phidn nhdnh
Cidc sip x€p lai mach cacbon c¢6 phan nhdnh xdy ra vé6i t6c d6 nho hon so véi téc do
clia cdc phdn dng sdp x€p lai mach cacbon khéng phan nhdnh va theo mét co ché khic.
Vidu:
Phan ing
ccC C

1 |
C-C-C-C === C-C-C-C-C
+ +

C6 hing s6 t6c do phan iing



k=0,08s" &0°C
k=4.10"*s"' §-45°C
Phan ting:
¢
C-C-C-C-C === C-C-C-C-C

k=600s"" &120°C

N = O

k =900s ' &100°C

Phan ing

Thoat tién, co ch€ clia cdc phan ting sip x&€p lai mach cacbon c6 phin nhénh duge dé
nghi dya vao cdc chuyén dich 1~2 ciia hydrua va cia alkyl.

C C
| |

C-C-C-C-C == C-C-C-C-C == (C-C-C-C-C
+ + +

Theo so d6 trén, thi su chuyén hod phai thong qua mot ion cacbeni bac 1, nén t6¢c d6
ctia qud trinh trén rit cham.

Tuy nhién, co ch€ nay, vé sau, bi loai bo vi ngay ca trong méi trudng super axit phan
ng isome hod n-butan hdu nhu khéng xdy ra, trong khi dé, n-pentan lai bi oxy hod rit
nhanh. Nhu vdy, su chuyén déi cation n-butyl thanh cation terr-butyl 1a khé khan hon rét
nhiéu so véi sw chuyén déi cation n-pentyl thanh cation fert-pentyl. Diéu dé6 mau thudn véi
ca ché cb dién vé chuyén di 1~2 cla hydrua va cila alkyl, nghia 1a t6c do ctia 2 qua trinh
trén phai tuong tu nhau.

Do d6, mét co ch€ khic duge dé nghi nhd dwya vio mot hgp chit trung gian
xyclopropan proton hod:

CH, CH
+ / \ I-ll .",H‘#‘f . (|jH3
R—CH,—CH C-H— R=CH;—C - CH, —» R—CH2—<:I*
H CH;

Trong co ché nay, cacbon & vi tri 3 ciia C* trong mach cacbocation két hop véi C* tao
ra moét vong xyclopropan proton hod. M@ vong xyclopropan dé sé tao ra mot ion cacbeni
mdi ¢é cdu triic mach cacbon khdc véi cdu triic mach cacbon clia ion cacbeni ban diu: mot
nhdnh thinh 2 nhanh mach thing thanh mach nhénh.

Vidu:
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Ao c

H
C—C-C—C—C-C —> C—C - C-C-C—> C¢C=C=C=C

/C\
¢ O ¢ ¢
c-Cc-c-Ctc  —= C=C - ¢-C — c-ctc-—c
Dua vao co ch€ d6, ngudi ta ¢6 thé gidi thich duge co ché sip xé&p lai mach cacbon
khong phai trdi qua hop chat trung gian ion cacbeni bac 1, va cdc két qud thue nghiém cia
t6c do isome hod khd I6n cia n-pentan thanh isopentan trong méi trudng axit.
3. Phdn vtng cdt mach cacbon & vi tri B (phédn cdt )

Cic cacbocation c6 thé tham gia phan tng cit mach cacbon C-C & vi tr{ B d6i vdi
cacbon mang dién tich duong dé tao ra mét olefin va mét ion cacbeni nhé hon.

H
+ B | +
R,—-CH-CH,~CH,R, ~> R,—~C=CH, + CH,-R,
T6c d6 phan (ng nay phu thudc vao do bén nhiét dong cla ion cacbeni ddu va ion

cacbeni cudi.

Néu céc ion cacbeni ddu va cuéi déu 1a bac 3, phan ing cat B x4y ra rat nhanh. Vi du,
cation 2,4,4 trimetylpentyl dé dang thuc hién phan ing:

coan e ¢
C~(|',‘—C-+C+~C — C-C'-C + C=C-C
C

Té6c d6 phan iing phan cit B 16n hon téc d6 phan iing sip x€p lai ¢ phan nhinh va nho
hon téc d6 phan dng sip x€p lai khong phin nhdnh cla mach hydrocacbon. Do dé, ion
trimetylpentyl s& can bang vdi cdc cation trimetylpentyl khic, chi mot trong cdc ion dé thuc
hién phan ung cit p.

cC C CC
It | o,
C-C-?-C-C S C"IC-C-C-C
C C
P L ¢

C-C-C-C-C— C-Cic == c=C-C

C
C CC C CCcC
oy (b U1
C-C-C-C-C == C-C-C-C-C
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Phin tng cdt B clia ion cacbeni 2 nhanh xay ra cham hon so véi phan dng-cét B clia
ion cacbeni 3 nhanh, vi sy phan cét ndy tao ra mot ion cacbeni béc 2 tir mét ion cacbeni bac
3 (khong thudn loi vé mat nhiét dong hoc).

|C+ (l: chim I +
C-C-C-C-C == (C-C=C + C-C-C

1C + nhanh (1: AG <3 keal/kmol
C-IC—C—C-C == (C-C-C+ C=C-C

C

Qu4 trinh phan cit B cila ion cacbeni mach thing xay ra véi téc do con chim hon, khé
khin hon, vi né tao ra moét ion cacbeni bac mét.

Dudi day 1a so d6 bi€u di€n céc giai doan khéc nhau xdy ra khi cracking n-octan.

. Céc cation bic 2 Phén ung ';rfan cét
n-octan e n-octyl P rat cham
l 78t nhanh
- Phan (ing phan cit
Cac metyheptan ___ o Cac cation metytheptyl ; :uc Eypchgn:a
3-etylhexan va etyl hexyl : -
1L cham
— Phan (g phan cét
Cac dimetylhexan  ___ . Cac cation dimetylhexyl ar{; fgfcién:‘ ¢
metyl etyl pentan va metyl etyl pentyl :
1L cham
Cac cation timetyioenty] Phén (ng phan cét
Céc trimetylpentan  =—= ¢ cation trimetylpenty B nhanh
trong 46 ¢6
c C
ro¢ C-C=C + C-Ct¢
-— - + — p—
c—?—c-ctc
c

Qua 5o d6 trén thiy rd dac diém ciia cdc qud trinh chuyén dich hydrua, nhém alkyl va
phan cdt B: chiéu huéng va t6c do cdc qud trinh d6 déu phu thudc vao do6 bén nhiet dong cla
cdc cation cacbeni vi gid tri bién thién ning lugng clia qud trinh.

Su phan cit cdc lien két C—C trong mach vdng clia céc cation xycloalkyl 12 mét phan
ting khé khan hon so v6i lién két C-C trong mach thang,
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Vi du, cation trimetylxyclopentyl bic 3 twong d6i bén & 0°C, trong khi d6 cation
2,2 4-trimetylpentyl bac 3 lai bi phéan cit & -73°C.

1Y — ~ - k=10"" &0°C
+
>(7’ — _<+ + \>— k=5.10"%""§-73°C

Tinh chat dé xudt phét tir ban chét clia ciu hinh c¢éc orbital trong khong gian. Trong
ion xyclopentyl cdc lién két C-C ciia mach vdng nam trong mot mit phang vudng géc véi
orbital tréng p, cha cacbon mang dién tich duong. Do d6, su m& vdng cing véi su hinh
thanh mot lién két doi ddi hdi mét su che phi cuc dai clia 2 orbital p d6i v6i orbital p, vi do
d6, ddi hoi mét niang lugng hoat hod cao hon.

Phdn vng cracking xiic tdc xdy ra theo co ché cacbocation. Cacbocation bao gom hai
loai: ion cacbeni (cluta C* phéi tri 3) va ion cacboni (chita C* phéi tri 5).

fon cacheni chuyén hod theo quy tdc phén cdt lién két B dot voi tam C* dé 1ao ra mot
olefin va mét ion cacbeni moi, nho hon.

Cdc chuyén hod cita cdc cacbocation déu tudn theo quy tdc tao ra cacbocation bén
vilng nhi¢t dgng nhdt (RyC* >> RyCH™ >> RCH,' >> CH,Y) va vuat qua “thém nang long

hoar dong” nho nhat.

2.2.2. Cracking xtic tdc cdc hydrocacbon don lé

Nhiing cong trinh nghién ciru ddu tién v€ cracking xic tdc 1a cracking cdc hydrocacbon
don 1& nham xdc dinh cdc giai doan phan {mg va co ch€ xiic tdc. Mic ddu trong nhitng diéu
kién thuc nghiém ban ddu chua hién dai, nhung nhitng nghién citu d6 ciing din dén cdc két
qué di va dang duge thira nhan, vi du nhu, quy tdc cracking B, s hinh thinh cdc ion cacbeni
bac 1,2 va3,...

Tuy nhién, cdc nghién ctu vé cracking xiic tdc cta hydrocacbon don 1&, vé sau, it
duge thue hién vi ngudi ta nhan thdy ring, chédt xidc tdc cracking rdt nhanh chéng bi “suy
thodi” do sir tao cOc trén bé mat chét xdc téc.

Trong nhitng nim 1970 nhd su phit trién cda mdy tinh va cic 1y thuyét méi dé cap
dén su suy giam hoat tinh xiic tic (Iy thuyét tao cde trén bé mat chét xic tde, 1y thuyét phan
ing trong ddng) ma ngudi ta ¢é thé dp dung céc s6 liéu & phong thi nghiém cho quy mo
céng nghiép. Chinh vi vay, cdc nghién ctru vé cracking hydrocacbon don 18 lai dugc héi
phuc nhim xdc dinh moét mé hinh dong hoc vé cdc tdm hoat dong cia chit xiic tic va do dé,

cho phép ch€ tao cdc chét xiic tic cracking t6t nhat,
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2.2.2.1. Cracking xuc tac parafin

Parafin 12 mot cidu tlt quan trong ciia gas oil, nguén nguyén liéu cba nhi€u nha may
loc ddu, va 12 san ph.a’m cracking so cip cua nha may dé.

Vi thé, chiing ta s& téng quan lai cdc két qua truée day d3 dat duge va dé cap dén cic
két qua mdi nh4t lién quan dén cracking xic tic cdc hydrocacbon parafin.
| o Tinh chdt cracking

Mot trong nhitng nghién ctu ddu tién vé cracking xic tdc hydrocacbon don lé la
cracking n-hexadecan. Bé&i vi kich thude clia phan ti nay dai dién cho nhiéu phan tir trong
nguyén liéu loc ddu. Tuy nhién cracking xic tdc cha cdc phan tir mach ngén lai dugce nghién
ciru mdt cach chi tiét hon.

“Tir thuc nghiém, ngudi ta nhin thiy ring, trong cic diéu kién phin ing nhir nhau, do
dai cta chudi caclbon anh hudng r& rét dén nang lwegng hoat hod cia phan Gng cracking nhu
bang 2.3.

Bang 2.3. Anh hudng ciia do dai chubi cacbon dén nang lugng hoat hoa cracking

Hydrocacbon Nang lugng hoat hoa (kealig.mol)
n-CeHyq 36,6
n-C;Hyg 29,4
n-CgHyg 249

Tir bang 2.3, c6 thé nhan thdy ring, su hinh thanh cic cacbocation cang dé dang trén
cdc nguyén tlt cacbon cang & sau bén trong chudi. Céc két qua trén ciing twong tu nhu két
qud clia Voge khi nghién cttu do chuyén hod cia cdc parafin khic nhau trén xic tdc

aluminosilicat - zirconi, & 500°C, 1 atm (bang 2.4).

Béang 2.4. Anh hudng clia do dai chuédi cacbon dén do chuyén hoé cracking

Parafin D& chuyén hod (%)
n-CeHy, 1
7-CyHyg 3
n-CyoHzg . 18
n-CigHay 42

Mait khdc, ngudi ta nhan thdy ring, mach cla parafin ¢6 anh hudng rét 16n dén dong
hoc phan iing cracking (bang 2.5).
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Béng 2.5. Anh huéng ciia mach cacbon dén d¢ chuyén hoa cracking, 550°C, 1 atm

Parafin Do chuyén hoa
C-C-C-C-C-C 13,8
IC - 249
¢c-C-C-C-C
c -
C-C-C-C-¢ 24
C
C-—IC—|C—C 3,7
C
C
C—lF—C—C 8.9
C

Tir bing 2.5 c6 thé nhan xét ring, kha nang phan cét cla cic lign két C-C trong mach
cha cdc isome 13 khdc nhau. Két qua thuc nghiém nay hoan toin phit hop véi nhifng tinh
todn orbital phan tir va phit hop v6i cdc tinh chét nhigt dong hoc clia cde cacbocation trong
dung dich,

Nhu vdy, parafin thang ¢é mach cing dai cang dé bi cracking; parafin ¢é mach
nhdnh dé bi cracking hon mach thding, cang nhiéu mach nhdnh, cang dé bi cracking {trong
di¢u kién khong bi han ché€ bdi kich thude hinh hoe xung quanh tam xiic tic).

® Su phan b6 sdn phdm cracking

Mot trong nhiing két qua ddng quan tam nhét ciia phan ing cracking la sy phan b8 san
phdm phan ng, trong d6, san phim nio 12 so cap va san phdm nio dugc tao thanh tir cic
phan ting thir cdp?

Day la mot vin dé hét stc phic tap, boi vi qud trinh cracking luén bao gém nhiéu
phan ing thi cip vi cdc phan tng phy khac (xem muc 2.1), va chiu tdc dong cia nhiéu yéu
t6 dong hoc, nhiét dong hoc ciia phan ting, dic diém cha chit xic téc sir dung,...

Do a6, khi xem xét sy phan b6 san phdm cracking ching ta cdn c4n trong dinh gis

ban chdt cia sy phan b8 d6, nhét 12 khi so sdnh cdc két qua dugce cong bd cla cdc tdc gia
khdc nhau.

Vi du, Greensfelder va Voge (B. S. Greensfelder, H. H. Voge and G. M. Good, Ind.
Eng. Chem. 41:2573, 1949) da cong b& hiéu sudt san phdm cracking cla hexadecan &
500°C, & d6 chuyén hod a = 24% trén xic tic 5i10,-Al,03-Zr0, (Si-Al-Zr) la:

Bing 2.6. Phan bd san phiam cracking hexadecan (100 mol) trén xdc tic Si-Al-Zr

Hydroca(:bon C1 Cz C3 C4 C5 Cﬁ C;: Cg 'Cg Cm C" C12 Cﬂ C”
Mol 5 12 1 97 | 102 | 64 | 50 8 B 3 3 2 2 2 1
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Tir bang 2.6 thay ring, tir 100 mol C;¢Hs, & d6 chuyén hod 24% ngudi ta thu duge 359
mol hydrocacbon (chua k€ 12 mol H,, khong liét ké trong bing 2.6). Nhur vay, mdt s6 sin
phém trong bang 2.6 khong phai 13 san phfm so cdp, ma ¢dn 12 sdn phdm duge tao ra tir cic
san phdm phan dng thit c4p va phin dng cracking nhiét. Thye vay, n€u 1a san phdm so cip
thi sy phén bé s& tuin theo quy luat:

C, _C, G C, Cs Ce

Chi nhitng thire nghiém duge ti€n hanh & d6 chuyén hod « r4t th&p va théi gian phan
ing (thdi gian ti€p xdc gifta hydrocacbon va chét xdc tic) rat ngin thi méi han ché duoe sur
“sai 1éch” do phan ing thit cAp xay ra. Dya vao moét s6 gia thiét (t6c do hinh thanh cic ion
cacbeni thit cap, su phan cét 3, s cracking cba olefin vira duge tao ra...}, Voge tinh todn su
phan b6 san phdm khi cracking 100 mol hexadecan dé tao ra ~359 mol san phim va cho ket
qua nhu & bang 2.7.

Bang 2.7. Phan bd sian phdm cracking 100 mol hexadecan theo tinh todn ciia Voge

Hydrocagbon | €, | C, { G5 | €4 | G5 | G5 | C; | Cs | €5 | G | Cii | Ciu | Cp3 | Cua
Mol 0 0 85 | 97 [ 72 | #1 7 6 5 4 4 4 0 0

Céc két qua clia bang 2.7 gdn tuong tr nhu bang 2.6. Diéu dé chiing td ring, cac két
qué thue nghi¢m cracking hexandecan bao gém cdc san phdm so cfp va thi cdp.

Hién nay ngudi ta ding cdc k§ thuat thyc nghiém hién dai nhu phé khéi, cacbon
phéng xa... dé nghién ciu phan ing cracking mot cach chinh x4c hon vé phin bd cdc sin
phdm. n-Hexan 12 mét hydrocacbon thudmg duge chon dé tam chét “thir” (test) cho phéan tng
cracking & quy md phong thi nghiém.

Cic két qua cracking n-hexan clia Good va cong sy (G. M. Good et al, Ind. Eng.
Chem. 39:1032, 1947) & 550°C, 60 phiit trong dong, trén aluminosilicat.

Bang 2.8. Phan b san pham cracking n-hexan trén aluminosilicat vo dinh hinh

H, CH, C, tdng C,tdng C, tdng C;16ng
% mol 9.4 12,5 19,5 9,5 8,5 1,0

Tur bang 2.8 ¢4 thé ¢4 nhitng nhan xét:

- Luong hydro khé 16n.

- Ti 56 C,/C, khé 16n chiing t& day 12 khéng phai 12 mot phan tng cracking don gi4n.
- Ti s6 C,/Cs ciing kh4 cao.

Thye vay, lugng hydro, metan va hydrocacbon C, khé 16n ching té trong thurc nghiém
nay cé sy tham gia coa phan ing cracking nhiét. Hon nita, miu dugc 14y 60 phit phan ing,
tai thai diém dé6, chét xiic tic da trdi qua bao nhiéu bién déi (suy giam hoat tinh), do do, tir
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cdc két qua tic thdi dé6 khé ma dwa ra mot két ludn chinh xdc vé ban chat vén c6 clia chit
xiic tic.

o Co ché phan img cracking xt.ic tdc cua parafin
Piéu tién quyét cho mot phan ¥ng cracking xtic tic 13 su hinh thanh cacbocation. Sau
dé, cacbocation bi cracking theo quy tic ph4n cdt B, dé tao ra mot cacbocation nhé hon bi
hap phu trén chat xic tdc va mot a-olefin & pha khi.
Vidu:
R-CH,-CH,-CH,-CH,-R’

lXﬁc tac

R-CH,~C"H-CH,-CH,-R’ —™> R-CH,-CH=CH, + R'C'H,

Ion cacbeni méi hinh thanh rdt khong bén vitng nhiét déng, nén phai ti€p nhan H™ tir
tdm xiuc tdc va khir hdp phu hoic phii isome hod thanh cédc ion cacbeni ¢é ion mang dién
tich duong ndm phia bén trong mach cacbon d€ nhén duge trang thii én dinh (bén ving
hon).

Co ché cracking xtic tdc parafin nhu trén hdu nhe déu dwoc moi ngudi thira nhan. Vin
dé€ con lai 1a nguyén nhéan tao thanh cacbocation. C6 ¥ kién cho ring, trong méi trudng supe
axit cdc alkan thudng tao ra cdc ion cacboni; trén chit xic tdc di thé céc ion cacbeni duge
hinh thanh tit cdc tdm axit Lewis bdng cdch nhudng lai ion hydrua H cla alkan. Trén xic
tic zeolit, c6 mdt s& gia thiét vé sy hinh thanh cacbocation nhu sau:

1. Ton cacbeni duge hinh thanh bing cdch tich ion H tir alkan trén tAm Lewis.

2. Ton cacbeni dugc hinh thanh bing cdch tich ion H clia alkan trén tdm axit manh
Brénsted, déng thai tar; ra hydro.

3. Ion hinh thanh truéc tién 1a cacboni phéi tri ndm, do alkan 14y thém proton (H") tix
cac tdm axit manh Bronsted.

4. Ion cacbeni dugc tao ra nho hdp phu olefin trén tam axit Bronsted. Cic olefin nay 1a

tap chét trong nguyén liéu hoac do cracking nhiét.

5. Cacbocation duge hinh thinh nhd sy phan cue cda phén tir nguyén liéu trong trudmg

tinh dién manh clla mao quan zeolit.

Ngudi ta da ti€n hanh rit nhidu nghién citu thuc nghiém dé xdc dinh chinh x4c cic co
ch€& hinh thanh cacbocation trong giai doan khoi mao cla phan tng cracking. Trong s6 dé
gid thiét 4 dugce thira nhén rong rii nhat. Song, 6 thé néi, cho dén nay chua c6 mét gia thigt
nio duge hoan toan khing dinh, vi vin con mét s6 két qui thyc nghiém chua duge sdng td
khi dua vio cdc gia thiét d6. Nhung néi chung, ngudi ta thudng giai thich sy hinh thanh
cacbocation bing mdt s6 gia thiét néi trén.
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Hinh 2.1. So 46 co ché€ phan ing cracking alkan trén zeolit.

Gidn day nhdt, bing tinh toan orbital phan tir khi nghién citu tuong tdc giita proton ciia
nhom OH v6i n-butan, ngudi ta nhan thidy ring, phin ing cracking vin xdy ra qua cic ion
cacboni (thudng duge goi 1a cracking protolyt) rat thuan lgi vé mit nang lugng. Do d6, mot
so d6 co ché phan ing cracking cia alkan trén zeolit duge dé nghi nhu trén hinh 2.1.

So d8 nay cho phép gidi thich duge sy hinh thanh H, vA cdc sin phim alkan, olefin
trong phdn dng cracking xic tdc: Sw phdn bd sdn phdm phu thudc véo bdn chdt, sé'tam va
luc axit cia cdc chdt xic tdc.

® Giai doan quyét dinh cua phdn dng cracking parafin

Hién nay, rit nhiéu ngudi cho ring, gial doan hinh thanh cic cacbocation la giai dogn
quyét dinh t6c 40 phan ding cracking parafin. 5& di nhu th€ la vi, thyc nghiém di xdc nhan
ring, su hinh thanh cacbocation tit olefin dé dang hon tit parafin, ing véi t6c d6 phan ing
cracking ofefin 16n hon t6c d6 cracking parafin.

Tuy nhién, suy luan nhu trén 12 khong hoan toan chinh xdc, bdi vi cdch hinh thanh
cacbocation tir olefin va tir parafin trén hai loai tdm axit khdc nhau. Thuc vy, trén chét xic
t4c axit rin, parafin c6 thé bi cracking trén ci hai tim Lewis va Bronsted, trong khi d6, chi
tam Bronsted méi xic tac cho phan iing cracking olefin.

Cé ¥ kién cho ring, sy hinh thinh cacbocation khéng phai 14 giai doan quyét dinh
(giai doan ¢é t6c dd cham nhét) trong phin iing cracking ma i giai doan chuyén hod cia
cdc cacbocation (dé tao ra mét trang thdi hoat ddng nhat). Thuc vay, khi nghién ciru phin
img cracking heptan ngudi ta nhan thdy ring, ning lugng hoat hod khi cracking n-heptan
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thanh C; + C5 va thanh C; + C, khéc biét nhau 11 kcal/mol, nhung nang lwgng hinh thanh
cdc cacbocation dé tao ra C, + Cs va C; + C, déu x4p xi nhau ~ lkcal/mol. Do d6, 15 rﬁng 1a,
giai doan quyét dinh phan ing cracking n-heptan khéng phai 13 giai doan hinh thanh
cacbocation. : _

Nhir vdy, cho dén nay, cdc vdn dé vé sy dnh hudng ciia cdu triic phdn tit parafin dén
t6c dé phdn ing cracking, vé nguyén nhdn va bdn chdt sy phan bd sdn phdm phdn ing
cracking la hau nhu dugc thita nhdn va séng 6. Song, cdc vdn dé vé bdn chdt cia cdc tam
xic tde khoi mao cho sy hinh thanh cdc cacbocation va giai dogn néo la giai doan quyét
dinh trong phdn itng cracking thi van con dugc tiép tuc thdo ludn va nghién citu.

2.2.2.2. Cracking xtic tac olefin

Trong phan tng cracking xic tdc olefin, moi ngudi déu thira nhan ring, sut hinh thanh
cacbocation duwge thyc hién bing cdch chuyén mot proton tir tam axit Bronsted vio lién két
doi cla olefin. Sau khi hinh thanh, cdc cacbocation thuc hién phan vng cracking theo quy
tdc phéan cat 3. Su phan cit d6 tao ra mot olefin nhd hon vd mét cacbeni bac 1 nhd hon &
trang thdi hap phu trén tam xic tic. Ton cacbeni d6 s& tai phan b6 lai dé tao ra ion cacbeni
bac 2 hojc bt khir hdp phu.

R—CH'z“—CH:CHZ—CHz—CHz—R‘ + H+ R,—CH=CH2 + H+

!

R-CH,-C*H-CH-CH,-CH,-R’ —> R-CH,-CH=CH, + R’-CH,-C*H,

Nhur dd ndi truée day, olefin dé bi cracking hon parafin ¢é mach cacbon va c4u tric
phan tir tuong ng.

Déi véi céc olefin mach ngdn nhu C, - Cs, phan itng cracking tién hanh khéng thuin
loi vi c4c phan éng chuyén dich hydrua va polyme hod tao ra nhiéu parafin va céc. Vi du, &
400°C cracking etylen trén xic tdc aluminosilicat tao ra 2% hydrocacbon C; va Cy, 6% etan,
trong khi d6 trén bé mat chét xiic tic chita khodng 9,6% c6c; cracking n-buten tao ra 7% Cs,
7% isobuten va 8% isobutan.

Olefin 1a nguén chil y&u tao ra 16p phl cacbon trén chit xtc tdc cracking. Thirc vay,
céc olefin mach ngin déu tham gian phan ng tao cc, ma tat ci cic phan tng cracking déu
sinh ra olefin va theo qud trinh phédn tng, cdc olefin mach ngén lai din din duvoc tao ra. Vi
du, ¢6 thé khoang 27% butadien dugc chuyén thanh c8c khi cracking butadien trén xic tic
NaHY. Etylen bi hip phu rat manh trén cdc tam axit Brénsted cua xic tic HY zeolit, tham
chi & nhiét d6 thdp. Khi nang din nhiét do, cdc phan tng chuyén dich proton, polyme hoi...
xay ra trong 16p etylen hap phu, 1am dnh hudng dén hoat tinh xic tac bé mat.

Nhu vay, olefin, dic biét, olefin mach ng#n 13 nguén géc chi yéu gay hién tugng tao
cBc trén bé mit chat xdc tdc. Tuy nhién, diéu ding ngac nhién 1a hién nay vin con it cdc
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nghién ctu so sénh gilta cracking olefin va parafin dé 1am séng té hon nita vé& co ché hink
thanh c6c¢ trén chat xdc tc cracking.

¢ Cracking olefin C5, Cgva C;

Nhiéu két qua thuc nghiém ching to ring, cracking n-penten & 400°C xay ra chi yéu
la, dime hod, ti€p dén cracking Co. D6 chon loc thue nghiém ctia phan ing cracking cic
olefin Cs, Cg va C; trén xiic tic HZSM-5 duge trinh bay trong bang 2.9.

Tir bang 2.9 nhan thdy ring, Cs olefin bi cracking cham nhét so véi d6ng phan hod ciu
triic (DC), va cic olefin c6 chudi cacbon dai hon c6 san phdm cracking nhiéu hon. Mit khic,
cracking Cy theo cdch dime hod (luGng phan tlr) sau dé6 méi thuc hién phan mg phan cit, do
dé, sin phdm phan img chi 12 C; va C,, trong khi dé, cracking C; thyuc hién bing co ch€ don
phan tir (khong dime hod), ti 56 C;3/Cy xdp xi bang 1). Hexen 1a trudng hop trung gian clia 2
trudmng hgp trén, vira cracking theo co ché don va ludng phan tir.

Bang 2.9. Do chen loc ciia phan img cracking n-alken trén ZSM-5 ¢ 450°C

Phin mol 1-peten 1-hexen 1-hepten
S&n phim
G, 0,0173 0,0201 0,0468
C, 0,0095 0,0175 0,0509
Cq (Béng phan cau tric-DC) 0,0130 0,0097
Ce ~ (BC) -
C,; - 0,0026 (BC)
Cq - 0,00098 -
Co - - -
0,0268 0,05408 0,1074
bc 0,9710 0,9444 0,8974
T6ng cong 0,9978 00,9085 1,004

Trong san phdm phan tng, chiing ta khong thdy san phim C, d6 13 vi su khdc nhau rdt
16n vé d6 bén nhiét dong cia C;* va C,*. San phdm phan dng ciing khéng chita hydro chimg
td rdng khong xay ra quad trinh téch ion hydrua tir cacbocation béi c4c tam axit Bronsted.

Hinh 2.2 ¢hi ra so d6 mot man.g phan ting isome hod xdy ra khi cracking n-hepten trén
zeolit HZSM-5 (con s trong vong don 12 do chon loc (phdn mol), cdc chif viét tit M = metyl,
H = hepten).

C6 thé nhan thdy ring, cdc sén phdm chil y€u nhan duge déu xufit phét tir céc ion
cacbeni béc 3, va cdc ion bac 3 cla cacbon & vi trf thit 3 bén vilmg nhiét déng hoc hon & vi
tri thit 2 cha chudi cacbon.
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Hink 2.2. So d6 céc phan ing isome hod cdu triic trong qué trinh cracking n-hepten.

Nhu vay, cracking olefin dé dang hon so voi parafin twong iing, trong qud trinh
cracking, cdc olefin mach ngan (C, - Cs) la tdc nhén chinh ddn dén sy hinh thanh céc trén
bé mat chdt xiic tdc rdn; con cdc olefin ¢é mach cacbon lén hon (Cs - C;) vita bi cracking,

vita bi isome hod nhung chii yéu 1a bi isome hod thanh nhiéu sdn phdm khdc nhau.

2.2.2.3. Cracking xuc tac alkyl hydrocacbon aromat

Trong qua trinh cracking alkyl hydrocacbon aromat, vong benzen vin khong bi bi&n
d6i, trong khi d6, cdc mach bén ciia vong benzen déu bi cracking, vi tao ra olefin trir trudmg
hogp vdi toluen.

“Anh hudng ctia 46 dai va su phan nhanh cita mach bén, ctta vj tri nhém alkyl dén t6c
44 phan (ng duge minh hoa & bang 2.10.

Bang 2.10. Anh hudng ciia mach bén dén nang lugng hoat hoa cracking alkyl benzen

Hydrocabon Ning lugng hoat hoé {kcal/mol)
CgHs—CH,—CH, 50
C4H5—CH,—CH;—CH,—CH, 34

\ 19
CgHs—CH-CH,—CH,4

o 17,5
CgHs—CH-CH, :
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N6i chung, t6c d6 cracking mach bén ting khi chuyén vi tri gin mach bén vio vong
‘benzen tir cacbon bac 1 dén bic 2, bac 3, trong ciing mot didu kién lién két gilta mach bén
va vong benzen thi téc d6 cracking ting khi d¢ dai chudi bén cang ting.

Trong trudng hop toluen thi phan ng chi yé&u la bat d6i hod toluen thianh benzen va
xylen, khéng cracking d€ tao ra metan. Déi véi polymetylbenzen, phin tmg chinh 1a isome
hod va bat d6i hod clia cdc phan tir phan dng. Vi duy, trén chét xdc tic axit dimetylbenzen bi
isome hod va bit d6i hod tuong tng véi so 48 sau day:

o-xylen _— m-xylen == p-xylen

N l v

toluen +  trimetylbenzen

Déi véi etylbenzen, ngudi ta thiy phan dng transalkyl hod cling véi phan dng cracking
& nhiét do khoang 200°C. J nhiét d6 thap hon, chi c¢6 phén ting transatkyl hod xay ra.

Nhur vy, d6i vdi cdc alkyl hydrocacbon aromat, phan tng cracking bao gidy ciing xdy
ra kém theo cic phan iing canh traph khdc nhu transalkyl hod va isome hod.

e Cracking cumen (isopropylbenzen)

C6 thé néi, cracking cumen 1a phan tng dugc nghién cdu nhiéu nhit, bdi vi né duge
xem nhu 12 mot phan ting “test” (thit nghiém) tiéu chudn dé d4nh gia cdc chat xic téc cracking
3 quy md phong thi nghiém. S& di nhur the 1a vi: phan Gng cracking cumen dép Ung duge hai
yéu clu sau day:

i) D6 1a phan wng xay ra theo co ché cracking dai dién cho nhiéu ciu tir trong nguyén
liéu ddu mo.

ii) Phan dmg tao ra mot 6 sdn phdm 16i thiéu, c6 thé x4c dinh dinh lugng mét cich dé
dang thanh phéin phan iing va su dién tién cha qud trinh.

Cracking cumen xay ra theo co ché qua cdc hop chit trung gian cacbocation, trén ca
hai tam axit Lewis va Bronsted, san phdm chinh 13 benzen va propylen.

CoH,;, = CeHg + C3Hg

Ngoai benzen va propylen, ngudi ta cdn tim th&y céc sdn phidm khdc nhu: toluen,
etylbenze, o-etyltoluen, n-propylbenzen, xymen, m-diisopropylbenzen, p-diisopropyibenzen,
metan, etan, etylen, propan, butan, buten, isobutan,... Tir dé, cé th€ nhan xét ring, thuc ra
cracking cumen ciing |2 mot phan @ng phic tap, tuy nhién bang nhiéu thuc nghiém trén
nhidu chit xic tac axit rdn khdc nhau, ngudi ta phan biét duge hai nhém phan Ung xay ra
trén hai loai tam khéac nhau (Lewis vi Brinsted). Vi du: trén tAm Lewis, ¢6 cdc san phim
etylbenzen, n-propylbenzen, etyltoluen... Trén tidm Bronsted, ¢6 cdc san phdm: benzen,
propylen, diisopropylbenzen... Dua vio cdc dic diém ndy ngudi ta ¢6 thé ddnh giad duge s6
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luong tam axit Lewis va Bronsted trén cdc chét xiic tic axit rén. Vi du, néng 4o cac tAm axit
trén cdc xic tic zeolit HY, LaY, SA (aluminosilicat v6 dinh hinh) 14 khdc nhau (bang 2.11).

Bang 2.11. Nong d¢ twong d6i ciia cdc tam axit trén cac chit xve tac khéc nhan

Dan vi tudng d3i {so sanh vdi LaY) [ Loaitam | HY® | La¥™ |82%LaY™|sA-2575A-13] 36%LaY™
S6 tam axit tinh cho 1g chét xuc tac B 310 | 100 45 451 | 1,02 0,42

L 65 | 100 - 6,90 | 166 0.22
S6 tam axit tinh cho 1m? b& mat chét B 310 | 100 45 9,08 | 207 0,42
x(c tac L 65 | 100 - 13.90 | 337 0,22

B: Bronsted, L; Lewis;

(a) trao d6i hoin todn véi natri;
(b} % trao d6i lantan vdi natri;
{c} % oxyt nhém trong SA.

Nhu vay, nghién citu phan itng cracking cumen cho phép ching ta dinh gid dugc hoat
tinh cia cdc tam xic tdc.

Ngoai ra, bing cic nghién cifu dong hoc phdn dng, ngudi ta di két luan ring, giai
doan quyét dinh t6c d¢ phan ing cracking cumen la giai doan phan ting cacbocation bé mat
thanh benzen & pha hoi va cation propyl hip phu. Con giai doan hmh thanh ion cacbocation
khong phii 1a giai doan quyét dinh phan tng cracking cumen.

Tom lai, trong phdn wng cracking, vong benzen cia alkyl hydrocachon aromat vin
khong bi bién doi, mach bén c6 thé bi cracking: mach cang dai, va sé bdc cia cachon noi
VOt vong thom cang 1on thi cang dé bi cracking.

2.2.2.4. Cracking xuc tac xycloparafin

San phim so cfp cta phan ng cracking xycloparafin 12 cdc isome olefin tuong ng.
B6i vdi cde xycloparafin nhd cic san phim so cdp tuong d&i dé dang xdc dinh, vi du, san

phim so cdp cracking xylclopropan Ia propylen. Ngudi ta di dé nghi co ché€ cracking
xyclopropan nhu sau:

CH /CH2
/R + HZ —» o] \CH2
CH2 Cl'lz . +.°
‘H'
o
CH2 + =
CH{ / CH-CH=CH, + [(H'Z7]
\ CH,= CH, +  [enyz7)
-

CH;
[aZ] + cpy —> CHrc=ci, + [0z
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Theo co ché ndy, propylen 14 céc san phim so cdp, con isobuten 12 san phdm thi c4p.

Khi cracking xyclopropan trén xiic tdc NaHY, propylen 13 sén phdm so c4p; isobuten,
2-metylbuten vi 2-metylpenten 12 san phidm thi cép. Cic xycloparafin Cs, Cq va cdc xyclo-
parafin lén hon tham gia phan (ng cracking vdi t6c d6 cham hon so véi cracking n-hexan va
olefin trong ng, trong khi d6 thuc nghiém cho thdy niang lugng hoat hod cracking
n-hexan va xyclohexan 1a xdp xi nhau; d6i v6i n-heptan va metyl xyclohexan ciing twong tu
nhv vay. Tuy nhién, sy phan b8 san phim trong cracking n-parafin va xycloparafin 12 hoan
toan khdc nhau. Diéu dac biét 14, trong san phidm cracking xycloparafin ¢6 rdt nhiéu hydro
(27% khi cracking xyclohexan, 6,5% khi cracking n-heptan). Do d6, din dén mot két luan
1a: hydro duoc tao ra c6 thé tir phan iing dehydro ho4. B 1a mot két ludn hét sitc déang ngac
nhién, bdi vi cdc hé xic tic duge st dung déu hoan toan khdng chia cic tim hydro - dehydro
hod (tdm kim loai). Kha nang tao hydro ctia xycloparafin khi bi cracking hoan toin dugc
nhiéu thuc nghiém xdc phan. Kha nang dé duogc sir dung trong viéc 1am gidm kha ning tao
c6¢ trén xtc tdc. Tuy nhién, cho dén nay, ngudi ta vin chua xdc dinh dugc loai tAm xic tdc
dac biét nao do ¢6 kha ning dehydro hod trong qua trinh cracking xyclohexan.

C6 thé nhgn xét rdng, trong qud trinh cracking, xycloparafin bi phdn cdt thanh cdc
isome olefin khdc nhau. Téc d¢ phdn img cracking xycloparafin nhd hen so véi cracking
n-parafin va olefin neong ing. Ddce biét, sdn phdm cracking xycloparafin chita rdt
nhiéu hydro so vdi parafin.

2.2.2.5. Su hinh thanh céc

T4t cd moi phan dng cia hydrocacbon xdy ra trén chit xic tde axit déu tao ra mét hop
chét cacbon, thudng duge goi 12 cdc. Cée 1a mot vat ligu duge biét khong that rd rang vé
thanh phin va cdc cfu tric cua né. C&c khong thé tich khdi bé mit chat xic tic bing cich
th8i moét dong nito hodc hoi nudc & nhiét dé cao. Trong qui trinh phan ing, c6c dén din
duge tao ra, che 1ap cdc t4m hoat déng trén bé mat chéit xdc tic, do dé, hoat tinh xtdc tdc
gidm dan va d6 chon loc phan dng ciing bi bién d6i.

Cho dén nay, sy hinh thanh va cfu tric clia c6c vdn 14 mot viin dé chua thye su sdng
td. Do d6, chiing ta chi nhic lai mot s6 két qua rd rang da dat duge vé vin dé nay.

Néi chung, cSc 1a vat ligu chira cacbon va hydro, ti s6 H/C thay déi trong khoing 0,3
+ 0,1. Dya vao cédc s6 liéu phd, ngudi ta nhan thdy mot s& lién két trong vat ligu cbc ciing
tvong tu nhu cdc lién két trong hydrocacboh aromat. Co¢c duge hinh thanh la do céc phan
ing ngung tu, alkyl hod, déng vong va thom hod cdc hydrocacbon, sau d6 chuyén dich
hydro dé&n céc olefin trong pha khi.

Nhiéu ¥ kién cho ring kha ning tao cfc clia cdc kiéu hydrocacbon khac nhau la khong
nhu nhau.
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Bang 2.12. Lugng (gi4 tri twong déi) cla cdc dang déng vi phéng xa trong cdc

Céc chit déng vi phéng xa Lugng (gia tri twong d8i) déng vi phong xa
n-Hexadecan 1,00
Propan 0,07
Benzen 0,55
Toluen 1,71
Etylen 1,75
Propylen 2,65
1-Penten 8,58

Hydrocacbon da nhin aromat, olefin va polyolefin dé tao c6c so véi naphten va
parafin. Hightower vd Emmet (J. W. Hightowner and P. H. Emmet, 1. Catal., 42:367, 1976)
cracking hexandecan trén aluminosilicat ¢6 sir dung chit déng vi phéng xa. Luong déng vi
phéng xa trong céc nhur & bang 2.12.

Tir bang 2.12 nhan thdy rang, olefin tham gia tao c6c manh nh4t, parafin vi aromat
khéng ding ké. '

Mot s6 nghién citu khéc nhu alkyl hod benzen vdi etylen, cracking cumen, déu nhan
thdy ring, c6c duge tao ra chil y&u 1a do etylen va propylen (tir cracking cumen).
Nhu vdy, olefin 1a tdic nhan dé hinh thanh c6c. Hydrocacbon da nhan thom ciing l1a

mot tdc nhén tao c6c quan trong. Ngudi ta thiy nguyén liéu chia cang nhiéu hydrocacbon
da nhén thom thi lvong ¢8¢ tao ra cang I6n.

Co ché hinh thanh c6c cling rit phic tap. Trong trudng hop cho butadien di qua chét
xic tic NallY, sy hinh thanh c6c duge gia thiét 1a do su cong hop néi ti€p kiéu Diels -
Alder, xdy ra trén tdm axit Lewis.

b6i véi trudng hop propylen trén xdc tdic NaHY, c6c duoc hinh thanh theo hai co ché
phu thudc vao nhiét do cta phan ing. 0] nhiét d6 thdp hon 300°C, su giam hoat tinh xic tic
12 do sy hdp phu manh cita céc hop chdt nhu xyclo-olefin va dien trong cdc mao quan cla
zeolit. O trén 300°C hydrocacbon aromat duge hinh thanh va ¢é thé khuéch tdn ra bé mat
ngoai chit xic tic.

Sy hinh thanh c6c con phu thugc vio cfu tric (dudmg kinh mao quan, kiu hé mao
quan, ti s6 Si/Al...) clia chét xic tic. Thuc vay, cracking n-hexen-1 trén zeolit HY (dudng
kinh mao quan ~7,5 A, hé mao quan khéng gian 3 chiéu) va trén zeolit HZSM-5 (dudmng
kinh mao quan ~5.5 A, hé mao quan khéng gian 3 chiéu) din dén céc két qua khdc nhau vé
thanh phén clia c6c¢ (hinh 2.3).
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Tis§ CH

10 20 30 40 50
DA chuyén hoa (%Ki}
Hinh 2.3. Ti s6 C/H trong c6c phu thudc vao d6 chuyén hoa
trong phan tng cracking n-hexen-1.

Lic ban ddu, c6c duge hinh thanh trén 2 chét xtic tdc déu cé ti s6 C/H ~ 0,5 tuong uing
v6i thanh phin nguyén liéu. Khi d& chuyén ho4 ting, c8c trén HY cang bi dehydro hod ti s6
C/H tang, trong khi d6 thanh phin c6c trén HZSM-5 vin khong thay déi, thanh phdn san
phdm cracking trén ch4t xic tdc HY gidu céc hydrocacbon parafin. Cau héi: 1am th€ nao va
tai sao hydro ¢ thé chuyén tir c8c dén sin phim trong pha khi trong trudng hgp déi véi
zeolit HY, con ddi v6i zeolit HZSM-35 thi khéng? D6 14 van dé kh4 phifc tap, song ngudi ta
c6 thé nghi ring, diéu dé cé thé cé lién quan dén cfu tric hinh hoc va ti s& Si/Al cao cla
HZSM-5.

Khi cdc ion cacbenium “chi€m doat” ion hydrua (H ) tir c6c nhung cic dién tich du
(d6i) khong t6n tai trong vat lidu céc, ngudi ta cho rang, cSc 1a vat din dién, nén céc dién
tich du duge phan b6 lai, chuyén tir c6c¢ (cdc tdm hoat déng) dén pha nén v6 co (alumino-
silicat, axit...).

Céc dugt hinh thanh chu y&u & bé mat ngoai chat xic tdc, giita cdc khe hd cita hat
chat xdc tdc, tuy nhién c8c ciing c¢é thé hinh thanh trong cdc mao quin va cdc héc ¢6 kich
thude 16n trong cdc chit xuc tic. Nguyén Hiru Phi v3 cong sy (D8 tai Chat xic tdc cracking
FCC, Trung tam KHTN&CNQG, 2002-2003, Ha Noi} nghién citu cracking n-hexan trén xic
tic HY vd HZSM-5 trong reacto chia 16p xic tdc c¢6 dinh, & 500°C nhan thdy ring, do
chuyén ho4 cha n-hexan trén xic téc HY gidm theo thdi gian, con trén xdc tdc HZSM-5 thi
do chﬁyén hod lu6n ludén én dinh. Céc tdc gia gidi thich ring, c6c khong hinh thanh trong
mao quan zeolit HZSM-5, cdn trong mao quan HY thi cé thé.

Tl céc k&t qua nghién ciu trén, c6 thé két ludn ring, sy hinh thanh c6c 12 mot qué
trinh phifc tap, con chua xdc dinh rd rang. D6 12 do khong chi ¢é qué nhiéu phan dng x4y ra
trong qué trinh cracking ma cdn ngay ban than khii niém “c8c” ciing 14 mét dinh nghia con
chua xdc dinh.
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Mot két lugn chung c6 thé rit ra la: s hinh thanh coc luén gdn lién véi sie chuyén
dich hydro nit cdc hgp chdt cacbon bé mdt dén cdc olefin pha phi. Olefin la sdn phdm bi hdp
phu nhiéu nhdt hodc bi polyme hod trén bé mat chdt xic tde, tao nén nguon hydre cung cdp
cho olefin pha khi va la vdt liéu cacbon dugc goi lg cdc. Cdc hydrocachon aromat nhe nhu
benzen, cumen khéng tao céc nir chinh vong tham cig minh. Pa s6 céc duoc tao ra khong
tryc tiép tit cde tdm hoat déng xiic tde ma la bén ngodi cdc hat xiic tdc va trong mét 56 mao
quan rong. Tinh chdt cia cde hat xic tde nhu kich thuée mao gudn, déc trung hink hoc mao
qudn, thanh phdn hod hoc, ciing dnh hudng dén bdn chdt va luong céc hinh thanh trong mot
phdn tng da cho.

2.2.3. Cracking xuc tac gas oil

2.2.3.1. Nhic lai cac dac diém co bdn vé cracking

Trude khi nghtén citu cracking xic tic gas oil, chiing ta hiy dimg lai va d4nh gid xem:
nhiing két qua nao duge cho 1a chic chin va rd rang trong cdc nghién ctu cracking trude
day,

Piéu dwgc moi ngudi thira nhan chic chin 13: cacbocation 1a tic nhan chinh cho
cracking xic tic va cdc phan tng lién quan. Cacbocation bao gém hai loai ion cacbeni va
ion cacboni. Ca hai loai déu duge hinh thanh tir tAm axit Bronsted, trong khi dé trén tam axit
Lewis chi hinh thanh ion cacbeni.

Su phan b6 lyc axit cling nhu ti s6 cdc tAm Bronsted/Lewis s& anh hudng dén hoat tinh
xiic tdc (d6 chuyén hod) va dén do chon loc cha cde chat xiic tic cracking khdc nhau. Do
chon loc thue nghiém bién d6i trén cic chét xiic tdc khdc nhau 12 do su thay déi t6¢c do cla
timg phan 1ing riéng r€ Ung véi ndng do cia cdc tam hoat dong khic nhau, chit khong phai
do su thay déi ban chét tam hoat dong xiic tic. M8i mot phan \ing dugc tién hanh trén céc
tdm xiic tac nhit dinh véi ban chét (Lewis hoidc Bronsted) va véi moét gidi han nhit dinh cia
do axit.

Vi t6c d6 phan dng phu thudc vao mat do tam xic tic, cdn ning luong hoat hod cia
cdc phan img khdc nhau thay ddi trong khodng tir 25 dén 30 kecal/mol, do d6 do chon loc
phén ing c6 thé thay d6i ding ké (trong mét khodng réng) bing cch thay déi nhiét do phan
ting va bang cdch ché tao chit xic téc cé cdc tam khic nhau.

T4t ca moi chat xdc tdc déu “suy giam” hoat tinh. Sy suy gidm dé thudng xay ra rit
nhanh va din dén cdc hién tugng rat khé cim nhén truc tiép va khic véi nhiing gi di xay ra
doi v6i cde chat xide tdc va cdc quy luat dong hoc c8 dién. Tuy nhién, cic hién tugng xay ra
trong cracking xic tic c6 thé xdc dinh dinh lugng va ¢6 thé duge mé ta moét cich rd rang
bang Iy thuyét suy gidm hoat tinh xic tdc trong dong (the time on stream theory, xem phén
chat xidc téc cracking). Nho 1y thuyét niy ma ching ta phan biét rd rang nhimg van dé ric
r8i trong cracking xic téc: phan biét su khdc nhau giita d6 chon loc thuc nghiem thu duogc tir
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cdc reacto vdi 16p xiic tdc én dinh va cdc reacto cong nghi¢p, cho phép xdc dinh cdc he phan
ng xay ra khi cracking titng hydrocacbon riéng 1€, cho phép x4c dinh ngoai suy cdc tinh
chdt ban ddu cia chét xic téc dang hoat dong.

Ly thuyét va thye nghiém déu chiing t6 ring, khi thém olefin vao parafin thi tdc do
phan &ng cracking parafin tang Ién, con d6i véi hén hop parafin thi t6c d¢ phan ng
cracking clia hén hop 1 t6¢c d6 t8ng cia cc parafin riéng r& (khéng nhan thiy hiéu ing hiép
trg xuc tdc - synergistic effect - giifa cdc parafin).

Chéc chin ring, cdc hién tugng xay ra trong cracking gas oil - fn@t nguyén liéu kha
phitc tap, s& tudn theo céc quy lut co ban nhu d6i véi cdc parafin don 18, va ngoai ra, con
phai bi chi ph6i béi nhitng quy luat khéc do tinh da dang cla nguyén lieu cracking.

2.2.3.2. Su phéan bd sén ph8m trong cracking gas oil

- Theo ca ch€ cracking ion cacbeni, sin phdm cracking gas oil s& 1a propylen, buten,
cdc olefin va parafin ¢é mach cacbon ngén hon cia hydrocaébon. trong gas oil ban ddu. Tuy
nhién, trong thuc t€ ngudi ta nhan duge khodng 5% hydrocacbon C, va G, trong san phidm
cracking. Di€u d6 dugc gidi thich béi phan tng cracking nhiét x4y ra trong khéng gian giita
céc hat xic tic vi bdi phan Ung thi cdp clia cic sdn phdm so cdp. Ngoai ra, ngudi ta con
nhan dugc moét lugng khi hydro duge hinh thanh do phan ting cracking xdy ra theo co ché
protolyt (co ché ion cacboni) trén cc tdm supe axit v & nhiét d6 cao.

Nhu vay, trong cdc sin phdm cracking thu duge bao gém cdc san phdm hinh thanh tir
giai doan cracking tryc ti€p céc hydrocacbon nguyén liéu (thudng dugc goi 1a sdn phim so
cdp) va céc san phdm hinh thanh do céc phan tng cracking k& ti€p clia cdc san phdm so cip
tao ra cdc sin phdm cracking thit cdp. Tiéu chudn dé nhén biét cdc sdn phdm cracking so
cdp la: cdc hi¢u sudt sdn phdm & thoi diém cracking ban ddu (chdt xic tdc con mdi) tai cdc
do chuyén hod khdc nhau déu ndm trén mgt duomg c6 hé sé gée dwong va di qua gdc toa dg.
Hinh 2.4, 2.5, 2.6, 2.7 va 2.8 biéu dién méi quan hé giita hiéu sust cha gasolin Cs* (gbm cic
hydrocacbon ¢6 s6 nguyeén tir cacbon trong phan tir 1én hon hodc bang 5), olefin, n-butan, va
clia buten tuong \ng. '

Trén hinh 2.4 cdc s6 liéu ndm trén dudng cong vé nét dam dai dién cho hiéu suft CclC
dai ctia chit xic tic con méi (thdi gian phan iing trong dong rat ngén). Dudng thing di qua
cdc gid tri hiéu sult cuc dai & céc gid tri 46 chuyén hoid o thip va di qua géc toa do {ngoai
suy) chiing t& d6 1a céc sdn phdm so cfp cla phin tng. Céc s6 lieu nim thap hon dudng hiéu
sudt cuc dai dai dién cho hiéu suit san phim trong tinh trang chét xuc tic da bi suy giam
hoat tinh.

Cdc s6 li¢u trén cdc hinh 2.4 - 2.7 chiing 1 ring parafin va olefin (C5*) 1a cdc san
phdm so c4p. Céc parafin trong phan doan gasolin (hinh 2.4) bét d4u chju nhimg chuyén hod
(cracking) s&u hon khi d6 chuyén ho4 vugt qua 70%. Va do d6 , dudng cong dac trung cho d6
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Hinh 2.4. DY chon loc cia gasolin duge xdc dinh trong reacto ¢6 16p xic tdc ¢ dinh.
Bidu kién phan img: nhiét d6 503°C, nguyén lidu gas oil giau parafin,
ti s6 chét xdc tac/nguyén ligu: o 0,25; A 0,05;. 0,01; V 0,0034.
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Hinh 2.5. D§ chon loc cla olefin trong gasolin Cs*
duge xéc dinh trongseacto ¢6 16p xiic tic ¢6 dinh.

Diéu kign phan (ng: nhiét 46 503°C nguyén lidu gas oil giau parafin:
ti 5§ chét xac tac/nguyén liéu: o 0,25; A 0,05; ¢ 0,01; ¥ 0.0034.
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Hinh 2.6. Hi¢u suit clia n-butan duge xdc dinh trong reacto ¢é I6p xiic tic ¢6 dinh.
Didu kign phan img: nhiét 45 503°C nguyén liéu gas oil gidu parafin;
ti s6 chat xac tac/nguyén lidu: 0 0,25; A 0,05; 0,01; V 0,0034.
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Hinh 2.7. Hiéu suft clia n-buten duge xdc dinh trong reacto ¢6 16p xiic tic c6 dinh.
Didu kién phan img: nhiét a6 503°C nguyén lidu gas oil gidu parafin;
ti 58 chat xdc tac/nguyén lidu: o 0,25; A 0,05; : 0,01; V 0,06034.
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chuyén hoé cuc dai (dudng cong nét lién) bit ddu di xudng so véi dudng thing di qua gbc
toa do. Xu huéng bi€n dbi d¢ chon loc cia olefin Cs* cling tvong tw nhwr chia parafin Cs*, tuy
nhién & d6 chuyén hoid o thdp hon 40%, vi cdc olefin Cs" kém bén hon cic parafin Cs*,
Propylen la sin phidm so cép rat bén. Prolylen khong tham gia vao céc chuyén hod thit cap
ti€p theo, nguge lai, & d6 chuyén hod cao, mét lugng propylen c6 thé duoc tao ra tir cic phén
ting cracking thit cdp khéc, do d6, dudmg dic trung d6 chuyén hod cuc dai chia propylen niang
cao hon dudmg thing ngoai suy qua géc toa do (hinh 2.8), tuong tu nhu truedmg hgp cua
n-butan (hinh 2.6).

n-Butan 13 san phim so cdp (hinh 2.6), & 46 chuyén hod cao clia qud trinh cracking
gas oil (> 30%) luong #-butan duoc gia tang déng ké, ¢6 thé, do qud trinh chuyén dich hydro
giira buten va cée.

Cac phan ifng thit cfp xay ra theo co ché ion cacbeni tao ra cdc sin phdm thit cdp. Cic
a-olefin duge tao ra (do cracking ion cacbeni & vi tri ) lai ti€p tuc proton hod, réi isome
hod va cracking. Cic ion cacbeni hinh thanh tir cic olefin ¢é thé tich H tir cdc phan tit
hydrocacbon khéc d€ tao ra cdc parafin. Phin ung chuyén dich hydrua c6 tic dung lam 8n

dinh cdc hydrocacbon trong san phim cracking, ngan ngira su cracking ti€p tuc.
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Hinh 2.8. DY chon loc trong propylen duge xdc dinh trong reacto ¢6 16p xic tdc cf dinh.
biéu kign phan mg: nhiét @6 503°C nguyén ligu gas oil giau parafin;
ti s6 chat xuc tacinguyén lidu: o 0,25; A 0,05; 0,01; Vv 0,0034,
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Theo ly thuyét, mot phan tmg cracking co ban (elementary step) tao ra mot phan tir
olefin. Théng thudng, mét mol hydrocacbon trong phan doan cracking gas oil tao thanh 3
mol sin phdm. Do d6, ti s& olefin/parafin (o/p) trong sén phim cracking bing 2/1. Tuy
nhién, qua trinh cracking xay ra trén xiic tdc aluminosilicat v6 dinh hinh cho ti s6 o/p thap
hon, trén xic tdc zeolit thi hdu nhu rat it olefin. St thigu hut olefin d6 la do phan tng
chuyén dich hydrua tao ra parafin (1) tir xycloparafin va xycloolefin khi tao ra hydrocacbon
aromat, (2) tir cac olefin bi dehydro hod va déng vong khi tao ra cic xycloolefin va (3) tir
phin ing dehydro hod cdc dang aromat, olefin khi tac ra cdc. & 500°C, phan itng chuyén
dich hydrua thuéng xay ra cham hon so véi cracking gas oil. G nhiét 46 thdp hon, chuyén
dich hydrua nhanh hon, ¢é I€, do nang luong hoat hod phan tng cracking cao hon. Do d6,
gidm nhiét 46 cracking 1am chuyén dich phan bg san phim vé phia trong lugng phan tir cao
hon, vi (1) cdc ion cacbeni chuyén thanh parafin do chuyén dich hydrua nhanh hon so véi sy
phin cdt B cha ion cacbeni va (2) chuyén dich hydrua d&n «-olefin nhanh hon cracking.
Thei gian ti€p xiic tang tao diéu kién thuln lgi cho chuyén dich hydrua, do d6, Iam gidm san
phdm olefin. Chinh vi thé, khi san xuét gasolin mdy bay (ham luong hydrocacbon no cao),
ngudi ta phdi tién hanh cracking & nhiét do trung binh va thdi gian ti€p xdc dai hon so véi
thoi gian cracking dé tao ra gasolin thong thudmg,

‘ Chuyén dich hydrua 1a mét phan iing quan trong trong phan wng cracking gas oil, bdi
vi (1) n6 lam gidm ham lugng olefin trong san phdm cracking, (2) dnh huéng manh dén su
phan b& san phdm theo trong luong phan tir va (3) thic ddy qua trinh tao ¢, 1am gidm hoat
tinh xic tic.

Cic s6 liéu clia John vad Woijciechowski duge trinh biy trén cdc hinh 2.9 dén 2.11
chitng t6 rdng, isobutan, propan va etylen 1a cic san phidm thit c4p (dudng dac trumg cho hiéu
sudt cyc dai khong di qua géc toa d6). Isobuten 1a mot san phdm thi cdp khong bén duoc
hinh thanh, c6 thé tir buten do phan iing chuyén dich hydrua; twong tu, propan duge hinh
thanh tir propylen hoic tir cracking cdc hydrocacbon C, (tao ra metan va propylen).

Su chuyén dich hydro dén buten va cracking buten giai thich su suy gidm nhanh
chéng hiéu sust buten & do chuyén hod cao (hinh 2.7). Etylen xudt hién & d¢ chuyén hod
khodang 20% (hinh 2.11). Etan chi xudt hién khi d6 chuyén hod Ién hon 50%. Metan, etan
hojc propan xudt hién & dé chuyén hod cao vi chiing duoc hinh thanh tir cic olefin hoac tir
cracking cic hydrocacbon mach ngin.

Cdc 12 san phdm khong sao trdnh duge clia cracking xtc téc. Sur tich tu ¢6c trén chét
xiic tdc din dén su suy giam hoat tinh xic tic. C8c ciing 1a “ngudn” hydro cung c4p cho
olefin trong pha khi thanh parafin. C4 2 4nh huéng nay déu khong mong muén, do d6, viec
nghién ctu vé téc d6 va nguén gdc hinh thinh céc 1a nhiing vdn dé rdt duge quan tam. Tuy
nhién, su hinh thanh c6¢ citng mang dén moét diéu thudn loi vé cong nghe: sy d6t chiy cbe
trong thi€t bj hoin nguyén cung cdp nhiét cho phan iing cracking & quy mé céng nghiép.
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Hinh 2.9. Do chon loc cia isobuten duge xdc dinh trong reacto cé 16p xic tdc cf dinh.
Pidu kién phan (ng: nhiét d6 503°C, nguyén lidu gas oil giau parafin;
ti s8 chdt x(c tac/nguyén lidu o 0,25; A 0,05;: 0,01; V 0,0034.
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Hink 2.10. D6 chon loc ciia propylen duge xdc dinh trong reactd ¢6 16p xic tic c8 dinh.
Biéu kién phan (mg: nhidt d6 503°C, nguyén lidu gas oil giau parafin;
ti 58 chét x(c tac/nguyén lidu: o 0,25; A 0,05; . 0,01; V 0,0034.
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Hinh 2.11. B6 chon loc cha etylen duge xdc dinh trong reacto ¢é 16p xic tac ¢6 dinh.
Biéu kién phan (ng: nhiét dg 503°C, nguyén liéu gas oil gidu parafin;
1i 58 chat xuc tacinguyén liéu o 0,25; A 0,05; " 0,01; V 0,0034.

Cé&c 1a san phidm thit cdp. Coc dwge hinh thanh chii yéu tir cic olefin. N&u nguyén liéu

cracking 1a mot hén hop parafin vi cdc hydrocacbon aromat phiic tap thi c6c duge tao ra chi
yéu tir aromat.

Tém lai, cracking gas oil trén chdt xic tde axit rén xdy ra chii yéu theo co ché
cacbocation, tao ra hai logi sdn phdm chinh:

- 8dn pham so cdp, bao gom propylen, n-butan, buten va gasolin (Cs - C ).
- Sdn phdm thir cdp, bao gém metan , etan, propan, isobutan, propylen va coc.
C6 thé biéu dién so d6 cracking clia mét gas oil gidu parafin nhu trén hinh 2.12.

Gas oit parafin

| ST

Gasoll San phim
Propylen n-Butan “*—— Buten ———— Caf%'“ sd cip
5 14
San phim
Céc Metan Etan Etylen Propan Isobutan thir cap

Hinh 2.12. So d6 cracking gas oil giau parafin.
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2.2.3.3. BOng hoc phan tng cracking gas oil

Gas oil 1a mot hén hop cic hydrocacbon riéng 18, giita ching ¢6 m&i quan hé va tuong
téc phitc tap, do d6, dong hoc phan iing gas oil khéng thé 1a sy cong tinh don gian giita cdc
hydrocacbon riéng 1é, ma con tuy thudc vio bin chit, thanh phdn vA méi tuong tac giita hop
phén trong gas oil.

Dé phan 4nh thuc t€ d6, Reif (H.E. Reif et al., Pet. Refiner, 4015:237, 1961) da dé
nghi mét biéu thic vé hiéu sudt san phdm phan @ng trong cracking gas oil nhir sau:

Hiéu suft san phdm = f(NDSTB, C,, Cy, Cy).

trong d6: Cp, Cy, C, 12 phin tram trong lugng cha cacbon trong céc hydrocacbon parafin,
naphten va aromat clia cacbon tuong iing ctia gas oil;

NDSTB la nhiét d6 séi trung binh ciia gas oil (°R)”

Biéu thic d6 thudn tuy kinh nghiém c6 gid tri thuc dung dé lua chon nguyeén liéu
cracking cong nghiép phil hop v&i hi¢u sudt san phdm (gas oil, sdn phdm khi, ¢6e¢) duge du
tinh.

Pong hoc phan ing cracking xiic téc gas oil 1a mot van dé kha phitc tap.

Thyc vay, thanh phidn nguyén liéu va san phdm luén thay d6i theo chiéu doc 16p xic
tdc 8n dinh, ngay cd thanh ph4n chat xdc tic ciing bi bién déi theo thdi gian do hién tugng
ngé doc, tao cbe... Trong cdc thi€t bi cracking cong nghiép (riser)hoac trong thiét bi c6 16p
xic tdc linh dong, cdc cdu tir dé bi cracking nhat dugc chuyén ho4 trong phén diu cla
reacto, trong cic phdn ti€p theo khong chi 14 sin phdm ma bao gém cd phan nguyén liéu du
kho cracking. Chinh vi vay, cic nguyén liéu “quay vong” tir cde thiét bi cracking bao gidy
ciing khé cracking hon nguyén liéu géc ban ddu.

Can cit vio cdc dic diém phic tap d6, ngudi ta (Kemp vd Wojciechowski) dira ra moét
phuong trinh déng hoc cracking gas oil nhu sau:

dC =
——8 =k, CsCa Y ki X; (2-19)
dr i=l
trong dé: kio: hang s6 t6c do cracking clla cdc cfu ti trong nguyén liéu;

X;: phdn mol cta c4u tir thit i trong nguyén liéu;
ko: hiing s6 t6c d6 ban d4u biéu kién;
Cq: néng do tam xic tdc;
Ca: ndng d6 téng coéng cha gas oil.
Trong phuong trinh trén, s6 hang Zk;,X; dai dién cho su 4nh huéng ciia thanh phdn
gas oil dén t6c¢ d6 cracking.

* Nhiét d6 bi€u dién theo thang do Rankine (“R).
d6 R ("R) =460+F; 40 F °F) = 1,8 x °C +132; d6 K (K} =°C + 273.
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Cho dén nay, phuong trinh (2-19) vin dugc dp dung thanh cong cho nhiéu té hop
nguyén litu/chét xic tic cia cracking gas oil.

2.2.3.4. Cracking cac nguyén liéu nang

Coéng ngh¢ loc ddu ngay cang phai quan tam dén ngudn nguyen lieu. B&i vi nhu cdu
nhién {iéu cba x3 hoi ngay cang ting, nhip dé phét hién cdc md ddu mét ngay cang gidm. Do
dé, ngudi ta chi § d€n ngudn nguyén lieu ning. Ngudn nguyén liéu nay khéng nhitng ré tién
ma con dé ki€m vi cdc nhu cdu khic sir dung ngu6n nguyén liéu nang ngly cang gidm din.

Nguyén liéu ning c6 nhiét d6 s6i cao hon nhién liéu nhe, bao gém céac polyxycloalkan,
cac hydrocacbon don va da nhan thom, rit nhiéu asphalten. Trong nhién liéu ning con cé
nhiéu phén tir chida céc nguyén tir khic loai (heteroatom) chita liru huynh (S), dat dén ~6%
va nito ~0,7%, gy ngod doc chat xic tic. Ngoai cdc hop chét dé, trong nguyén liéu nang con
chita nhiéu kim loai, cé khi dat dén ~2000 ppm trong ddu tho cin ché bién, ¢é hai cho chét
xiic tdc cracking.

C6 thé c6 nhitng bién phdp tién xi 1y nhir hydro - xir 1y, phan riéng ho4 hoc hay vat
1y... d€ gidm thiéu néng do cdc cfu tir khong mong mudn Tuy nhién thue hién céc codng nghé
tién xir 1y luén luén doi hoi su lap dat thém thigt bi va gia ting gid thanh ch€ bién. Do d6,

- ngay tit nhitng nam 1960, céc nha loc didu dd muén cracking tryc ti€p ddu nang bing cdc
chat xiic tdc thich hop.

bé cracking céc phan tir 16n, ngudi ta phai cdn cic chat xdc tic ¢6 mao quan rong.
Trong khi dé, zeolit trong chit xiic tic cracking chi ¢6 kha néng cai thién chét lugng sin
phdm théng qua cdc phan Ung cracking thi c4p. Cic mao quan rong trong pha nén tao ra
hoat tinh xiic tic. Thuc vay, ngudi ta khong thé tim thay cédc nguyén liéu 1éng, cic phan tir
16n nim bén trong cdc mao quan cha zeolit. Do d6, d€ cracking nguyén liéu nang, ngudi ta
phdi ch€ tao chit xic tdc cracking ¢é mao quan rong, déng thdi thém cdc tdc nhan thu déng
vdo ngudn nguyén liéu ban ddu dé han che su ngd doc chat xic tic bdi kim loai. Céc doc
tinh clia hgp chat luu huynh va nito ¢ thé duge khong ché boi ham luong chia zeolit bé sung
vao chilt xic tdc, boi vi zeolit 1a vat liéu chdng choi t6t véi cic hop chét di nguyén t6 dé.
Mét vin de nira cdn luu ¥ trong cracking gas oil 1 sr tao c6c khd manh. Vé nguyén tic,
ngudi ta thém mét tic nhan thich hop hé trg cho phin tng chuyén dich hydro vao ddu ning
thi 6 thé khéng ch€ duge sy hinh thanh coc. Tuy nhién, d€ tim ra mét chat ¢6 tinh nang nhu
the, vira ré tién va vira hiéu qua thi vin 1a mot bai todn chua c6 13i giai.

Khuynh huéng hién nay 1a: vin ché tao chét xiic tic cracking ddu nang véi hiéu suit
tao c6c cao. Coc duge d6t chiy & didu kién khic nghiét hon so véi chét xiic tic c6 hiéu suit
tao c6c thdp. Va do d6, phai cdn c6 mot chét xdc tic bén thuy nhiét hon so vé6i cédc chat xic
tic thong thudmg, nghia 1a phéi trao d6i dén mic cao nhét ¢é thé gifta cdc ion natri trong
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ch4t xiic tdc véi cdc cation 1am bén cfu tric mao quan réng thich hgp dé chit xiic tac khéng
bi “bién dang” (phd v& cdu tric) trong thiét bi hodn nguyén.

Sy tao c8¢ manh trén bé mait chat xic tdc lai din dén sy §uy gidm nhanh hoat tinh cla
chét xiic tic. P€ nhan duoc mot do chuyén hod hop 1y, ngudi ta phai si dung mét ti s6 chit
xtc tdc/ddu cao, va do d6, phdi cin mdt tée do tuan hoan chit xic tic cao. Chit xiic tdc lai

phai ¢é moét do bén co hoc rit t6t dé chéng lai su bio mdn. Pha nén mao quan rong phai
dugce lra chon dé dép ing yéu cdu dé.

Trong thi€t bi hoan nguyén, dong khi bd sung cho hon nguyén xic tdc ¢é thé 1am t6n
that mot lugng 16n chat xic tic, néu khong ¢ cdc xyclon thu héi céc hat xiic tic cé mat do
cao cin thié€t (va c6 thé). Dic diém nldy ciing lién quan d&n dac trung cla vat liéu matrix
(pha nén) ¢6 mao quan rong.

Cracking xiic tdc nguyén liéu ning duoc ti€n hanh theo nhitng co ché ma thuc ra che
dén nay ngudi ta chua nhin biét mot cich 18 rang va chinh xdc. Ban chat clia qué trinh dé
tua nhut mot qud trinh “c6c hod bing xic téc”. Nhung du sao, sy phan bS san phidm cla qui
trinh dé ciing t6t hon nhiéu so véi qud trinh c6c hod bing nhiét. Vi t s6 H/C cla nguyén
licu thép, nén ngudi ta chi cé thé cai thién chit it (khéng ddng ké) vé hiéu sudt sin phdm, trit
phi khi ngudi ta cé thé tao ra duge mot chat xiic tic hoat dong va chon loc cho céc phan ing
chuyén dich hydro.

Tém tat muc cracking xidc téc gas oil:

Gas oil 1¢ mét hén hop phitc tap cia cdc hydrocacbon. Do dé, hod hoc va céng nghé
cracking gas oil 1 mét trong nhitng Iinh vuc phitc tap nhdt cida cong nghé loc ddu. Tuy
nhién, dia vao cdc kién thitc co bdn vé cracking cdac hydrocacbon dom lé, dua vao cdc quy
Iudt dong hoc cracking gas oil (Iy thuyét va céng nghé) ngudi ta cé thé xdc dinh dugc cdc
tham 56 161 un (thanh phdn nguyén liéu, nhiét d6, chdt xiic tdc, thei gian tiép xic...) d€ thu
duoc hidu sudt cao nhdt déi véi sdn phdm cracking mong mudn.
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CHUCQNG 3
CHAT XUC TAC FCC

3.1. M& diu

Ngay nay, tit cd cic nha may loc ddu trén th€ gidi déu 4p dung cong nghe cracking
xiic tdc pha luu thé (Fluid Catalytic Cracking, viét tit 1a FCC). Ch4t xiic tic cho cong nghé
nay dugc goi 13 xic tdc FCC. V& ban cht, chat xiic tdc FCC 1a mét axit rin, tuy nhién né da
dugc cdi ti€n rat nhiéu so véi cdc xdc tdc axit rin ban ddu cha céng nghé cracking ddu md
cua thoi ky thap ky 30, 40 thé ky trude.

Bang 3.1. Cac chat xic tac trong thai ky ddu cia cong nghé cracking ddu mo

N&m | Qud trinh Hé reacty Kiéu chat xtc tac Dang

1920 | McAfee | Mé AlICI, Hat

1939 [ Houdry | Ld&p xuc tac cf dinh Dat sét (clay) Hat duge x0r ly axit

1940 | Suspensoid | DAat sét dang huyén pha pat sét (clay)

1942 FCC Xuc tac & trang thai luu thé P4t sét (clay) Super Filtril, Dang bét xir ly axit
1945 JCC Ldp xdc tac déng D3t sét (clay) Hat trén xir Iy axit

1942 FCC Xdc tac & trang thai luu thé | Si0,.ALO, tng hap | Hat

1946 FCC Xic tac & trang thai lru thé | Si0,.A1L0, téng hop | Hat vi cdu

Tir bang 3.1, ¢6 thé nhan thiy ring, hdn hét cdc chit xiic tic cracking trude kia déu
duge ché tao tir dat sét hoat hod axit va cdc aluminosilicat v6 dinh hinh. C4c xic tic dé ¢é
hoat tinh, d6 chon loc thdp va thdi gian hoat déng ngin. '

Midi dén giita nhitng nam 60 cia th€ ky trudc, cdc xidc tde cracking chia zeolit méi
duoc bit ddu st dung trong cong nghé FCC. Tir d6, cdc nha loc ddu méi bat ddu ¢é duoc mot
cong nghé FCC véi hiéu sudt gasolin (x3ng) cao nhd zeolit ¢ hoat tinh xiic tic va dd chon
loc t6t hon nhiéu so v6i aluminosilicat vé dinh hinh, cdc oxyt, khodng sét (clay)... Chét nén
chita cdc mao quan trung binh va 16n, cdc tdm axit yé€u nén cé thé cracking so béd cic
hydrocacbon phan tir 16n, tao di€u ki¢n thuan lgi cho qud trinh khuéch tin chdt tham gia
phan tng va san phdm phén ing; chét nén hé trg qud trinh truyén nhiét trong chit xic tdc.
Chét nén con 12 noi “bit giit tir xa” cdc tdc nhan ngd doc zeolit (V, Ni, cic hop chit nito...),
bdo vé cic pha hoat dong xiic tic. Trong chit nén chifa cdc chit ¢é vai trd lién két gifta cic

hop phén xic tdc tao nén d6 bén co hoc cho chit xic tic.
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Ngoai 2 hop phdn chinh (zeolit Y va chét nén) trong xic tic FCC, nhiéu khi ngudi ta
con thém vao cédc chit phu trg (additive) dé 1am cho chit xiic tic FCC dat duge muc tiéu cu
thé ciia cdc nha méy loc diu. Vi dy, thém kim loai Pt d€ xdc tién qu4 trinh CO => CO,,
nghia 12 dé gidm thiéu luong khi thai CO ra méi trudng; thém zeolit ZSM-5 d€ gia tang chi
s0 octan cla gasolin hodc tang hiéu suit propylen (ding cho quéd trinh sidn xudt poly-
propylen, PP)...

C6 thé hinh dung cdc hop phén cita chét xdc tdc FCC nhu so d6 sau (hinh 3.1):

NGUYEN LIEU SAN PHAM TRUNG GIAN SAN PHAM cudl cUNG
Oxyt silic
Qxyt nhém 10-50%
Hydroxyt natri
—— — Zeolit
Clarua dat higm
Sulfat amoni 3
Pha hoat d9ng xic tac
50-90%

Vat liéu khoang sét T ———
Oxyt nhém ) Chat nén \{ - Chat xiic tac
Qoyt silie... 4 FCC

Pha dn dinh cu tic

va cb thé 66 hoat tinh xic tae

0-10%

Bach kim
Pat higém .
Zeolit ZSM-5 - Chat phu tro
Antimon...

Hinh 3.1. Cic hgp phan chinh cla chét xiic tic FCC.

3.2. Cac hgp phan cd ban cla chat xic tic FCC

3.2.1. Zeolit Y

C6 thé néi, zeolit Y 12 thanh phédn quan trong nhit trong chdt xiic tdc cracking. Theo
du bdo clia mét s6 nha khoa hoc (C. Marcilly, Proceedings of ICZ, Montperllier, France,

7.2001) thi trong the ky 21, zeolit Y vin 1a c4u tir hoat dong quan trong nhdt chia xic tic
FCC ma chua ¢6 loai zeolit nao thay thé duoc.

= 'A" at - L]
¢ Diac diém ciu trie ctia zeolit Y

Zeolit Y c6 c4u tric tinh thé gidng nhw c4u tric clia mot loai zeolit tu nhién ¢é tén 13
Faujazit (Faujasite). Do dé, né duge mang ma hiéu quéc t& (structure type code} la FAU do
Uy ban danh phip cia IUPAC dé nghi.

Thanh phén hod hoc cila mét don vi tinh thé co ban clia Y 1a:
Naqﬁ[(A102)56(5102)136]ZSOHQO (3 l)
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Tinh thé co ban chia Y ¢6 cdu tric 14p phuong, thudc nhém d6i xing Fd3m, khoang
cdch 6 mang a = 24,7 A. Mat d6 vat liéu cla Y 1a 17,7 T/1000 A* (s6 nguyén tir T cia tit
dién TO, (T = Si, Al..) trong mét thé tich 1000 A*) rat thip, ching t& Y 12 zeolit kh4
“réng”, bén trong né chira nhiéu thé tich tréng.

Thuc vay, zeolit Y Ia aluminosilicat tinh th€ dwgce hinh thanh trong qu4d trinh két tinh
bdi cdc ti dién Si0O, va AIO;. Cic ti dién nay tao ra cic don vi cdu tric thi cap SBU
(Secondary Building Unit) 4 v 6 canh. Sau d6, cic SBU 4 va 6 canh ghép lai véi nhau thanh
mot bat dién cut (sodalit). Cic sodalit nay ghép lai v6i nhau qua mat 6 canh, tao nén céu
tric faujasit (Y, X) nhu & hinh 3.2,

/Qa.
" \,
_
r-\,,{_
0

2t 2y

t 4
e %

4 f‘

Hinh 3.2. M6 phdng su hinh thanh cdu triic tinh thé clia zeolit Y

Sy hinh thanh mang luéi ciu tric nhu thé tao ra mét héc 16n (x-cage) cé dudng kinh
~13 A (xem hinh 3.3). M&i h6c 16n (o-cage) théng v6i 4 cira s6 dugc tao ra bdi vong 12T
v6i dudng kinh 7,4 A. Céc héc 16n dé n6i v6i nhau qua clra s6 vong 12T tao thanh mot he
théng mao quan 3 chibu:

<111>12 7,4

* Trong tai liéu ndy va nhiéu tii ligu khéc, ky hiéu cdc tir dién 12 SiO, vd AlO, hogc SiO, va AlO, déu c6
¥ nghia trong duong vi xern céc tif dién lién két voi nhau qua clu oxy, nén oxy 1a chung cho ¢ 2 tir dién.
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(theo ky hiéu ciia Uy ban Cau tric chia Hoi Zeolit Quéc t&€ (M. M. Meier and D. H. Olson,
Atlas of zeolite stucture types, 1992):

<I11>: cdc h¢ mao quan song song vdi cdc tryc tinh thé x, y, z.
12: vong cita s6 12 canh (12T hoic 12 oxy)

7,4: kich thuéc cira s6 tinh bing A.

xxx: h¢ théng kénh mao quan khéng gian 3 chiéu

Hée sodalit {B-cage)
Hdc I19n (a-cage) |
I

Iy
$u
;

- Il fou

Y H )
- "'I‘l"‘

v
L L) ';
H$Y

Lang tru luc giac

Hinh 3.3. Ciu triic mang tinh thé faujasit o: vi trf dinh x\& clia cdc oxy
o vj tri cla cac cation bil tnft dién tich, C-H: nhém —OH.

Mébi mét sodalit duoc cdu tao bdi 24 TO, (1 dién), gébm 8 mat 6 canh va 6 mat 4 canh.
Céu triic cla sodalit khéng dic khit, 16i vao cdec mit 6 canh c6 kich thuée c& 2,4 A, duong
kinh cia c4u réng trong sodalit (héc nhd, B-cage) ~6,6 A.

Tit cong thite (3.1), chiing ta 6 thé bigt duge mét don vi tinh thé co s& cha zeolit g6m
8 sodalit [116-2;—56 = SJ , & trang thai hydrat hod chita 250 phan tir nuéc (~20% kh6i lugng
ciia zeolit hydrat hod). Cdc phan tir H,O nay chi€m ché trong céc h6c nhd v héc Ién cia
zeolit. Khi bi nung néng, nudc trong zeolit thodt ra (thudmg goi 12 qua trinh tach nuéc hoic
dehydrat hod), thoat tién, tir cdc h&c 16n, sau d6 méi tir cic h6c nhd & nhiét d6 tuong déi cao
(400 + 500°C). Trén hinh 3.3, m6 td m6t mé hinh mang c4u tric “réng™ cia zeolit Y & trang
thdi dehydrat hod hoan toan.

Trén hinh 3.3 con chi ra céc vi tri dinh xi cia cdc cation b trir dién tich ciia mang
cfu tric zeolit. Thuc vay, vi zeolit 14 t6 hop cdc lién két cdc ti dién Si0, va AlO, :
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Na °
N /0\-,0 /
/Si /AI /Si\
o” Yod oo ‘o

O

nén thudmg cé cdc cation (Na*, K*, Ca**...) bit trir dién tich &m bé mat. Vi tri céia cdc cation
b trir dién tich 1a khdc nhau, xét vé mit ning lugng va hinh hoc. T hinh 3.3 nhan thdy
ring, vi tri §; ndm & tam cia lang tru 6 canh 13 vi trf “kin” nh4t, sau d6 méi dén vi tri $'; (d6i
xing v6i S; qua mit 6 canh), réi dén vi tri U (tdm cia sodalit), Sy, Sy (d6i ximg véi S’} qua
mat 6 canh), Sy; va C (tdm cua héc 16n). RS rang 1, cdc vi tri C, Sy, Sy rat dé tiép can va
khi linh dong (c6 thé d& dang x& dich vi tri). Mot phan tir hodc mét cation nao dé néu xam
nhap vao vi tri §’, va nhét 4 §;, thi phai rdt c6 loi thé vé mat hinh hoc (dudng kinh dong hoc
nhod) va rét thudn lgi vé mit nang lugng (duoc gia nhiét...) dé tir a-cage vao B-cage, va dén S,

Trong mét 6 mang tinh thé co ban cé 16 vi tri Sy, 32 vi tri §°, Sy, S'1p va 48 vi trf Sy

Trén hinh 3.3, ciing gidi thig¢u cdc vi tri oxy (O) cia t& dién TO, trong cdu tric tinh
thé faujasit. O, ndm & tam canh ciia lang try 6 canh néi cédc sodalit, vi trf cla 0,, 03 va O,
nhu trén hinh 3.3. Tuy thude vao nhiéu yé&u té khic nhau, cdc proton H* ¢é thé tin cong vao
cdc lién két S5i-O;)-Al (i= 1, 2,3 va 4) dé tao ra cic nhém —OH

H
|

_ Si—-Ogy—Al
¢6 do axit va dinh huéng hinh hoc khac nhau. Ngudi ta cho ring (D. H. Olson et al, J. catalysis,
13 221, 1969), xéc sudt tac nhém —OH giita nhém O, va O; 14 gdn nhw nhau, tuy nhién, cdc
orbital ty do citla O dinh vi thuan lgi cho cdc nhém hydroxyl huéng vao héc 1én, d& dang
ti€p cén véi cdc tic nhan phan iing. Trong khi d6, O; ¢6 4 dinh huéng clia cdc orbital véi xdc
sudt: 1 huéng vao h6c 16n; 1 hudng vao bén trong ling tru 6 canh va 2 hudng vao bén trong
héc nho sodalit.

Nhu vay, dac di€m cfu tric cha zeolit Y 13 khd phic tap, nhung hiu nhu da duge xdc
dinh rd rang. Dya vao cdc dic di€m d6, ching ta c6 thé biét cdch t6ng hop, bi€n tinh va tng
dung zeolit Y mét cdch hiéu qua trong viéc ché tao xiic tdc cracking.

3.2.2. Cdc phuong phdp diéu ché zeolit Y ¢ ti s6é Si/Al cao

Tir cong thife (3.1) c6 thé nhan thdy ti s6 Si/Al cia zeolit Y 1a:

Si0; - S _ 136 2,43 hoac 30,
AlO, Al 56 AL, 0,

= 4,86
Tuy nhién, thuc nghiém ching t6 ring, céc zeolit ¢6 c4u tric tinh thé kiéu faujasit

(nhur & hinh 3.3) c6 thé d& dang téng hgp trong diéu kién thuy nhiét, véi ti s6 Si/Al bién déi
tir 1 +2,5. Trong dé, zeolit ¢6 ti s6:
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1 < Si/Al £ 1,5 dugce goi 1a zeolit X

1,5 < 8i/Al £ 2,5 dugc goi 12 zeolit Y
sit phan loai nhu th€ chi ¢6 tinh chit quy uéc, song dé goi nén mot dic diém vé dé bén nhiét
va bén thuy nhiét clia 2 loai zeolit d6. Vi lién két Si-O bén vitng hon lién két Al-Q, do d6,
khi tang ti s6 Si/Al thi c4u tric tinh thé faujasit bén vimg hon & nhiét d6 cao trong su ¢6 mit

ciia hoi nudc.

Chinh vi the, trong ché tao chit xiic tic FCC hién nay, ngudi ta khong sir dung zeolit
X, va cdc zeolit Y ¢6 Si/Al thdp. Cédc zeolit Y ¢6 ti s6 Si/Al cao (> 2,5) duge quan tam dic
biét khi ché tao xic tic cracking.

3.2.2.1. T8ng hop zeolit c6 tf s6 Si/Al cao

Sau khi téng hop dugc zeolit Y c6 ti s8 Si/Al ~ 2,5, ngudi ta thudng sir dung cic
phuong phap sau day dé tang ti s6 SifAl cta zeolit Y:

- Xt 1§ nhiét va nhiét - hoi nuée

- Xit 1§ hod hoc

- Két hgp x{t ly thuy nhiét va xir 1y ho4 hoc

- Téng hop triee tiép

1. Xt 1y nhiét va nhiét - hoi nitéc

Nung zeolit Y da trao d8i véi ion amoni NH,* (NH,*-Y) trong méi trudmg hoi nuéc
dé tdch nhom trong ti dién AlQ, ra khéi mang céu triic cia zeolit. Qué trinh d6 duge ti€n
hanh & nhiét d6 cao nhiam thuy phan cdc lién két Si-O-Al, tao ra céc dang nhém ngoai
mang va 1am tdng ti s6 Si/Al trong mang, 1am gidm kich thudc 6 mang co sé. Thuc vy, vi
do dai lien ket Si-O = 1,619 A, ciia Al-O = 1,729 A, do d6, khi ti s6 Si/Al tang thi khoing

cdch 6 mang (a) giam (H. Fichtner Schittler et al, Cryst. Res. Technol. 19, K1, 1984). Tir
thue nghiém, ngudi ta xdc dinh duoc hé thic:

NAI
= +2.419]1 32
a (nm) 1152 3.2)

trong dd, Nyj: s6 nguyén tif nhém trong moét 6 mang co so.

Trong qua trinh tich nhém (dealumination) bing nhiét - hoi nudc cé thé 1am phd v
moét phén cdu triic tinh thé cia zeolit, tac ra mot s6 dang oxyt nhém, oxyt silic, alumino-
silicat v6 dinh hinh. S6 lugng va dang pha vo dinh hinh tao ra phu thuéc rat nhiéu vao ti lé
Si/Al cua zeolit ban ddu, vao diéu kién khic nghiét cda qud trinh x{r 1§ (nhiét d6, thai
gian xir 1y, 4p sudt hot nude...). Sy dién ti€n qua trinh tich nhém nhiét - hoi nuéc c6 thé
dugc theo ddi bang k§ thuat nhiéu xa tia X (XRD), vi cac pic XRD s& chuyén dich vé
phia 28 cao hon khi khodng cich 6 mang nho hon. Ngudi ta ciing c6 thé sit dung k¥ thuat
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MAS NMR" (cong hudng tlr hat nhan vat liéu rin) hoac ky thuat IR (phé héng ngoai) dé
theo d6i cdc dic trung clia zeolit trong qua trinh xir 1.
Hod hoc qua trinh tich nhém bing nhiét - hoi nudc cé thé duge dién ta nhu sau:

(A) Téch nhoém trong tir dién clia mang cu tric zeolit:

N N
|51 Si
I
\ 1 / +HO0 N\ o /
. . + - .
_'/SI—O_'[?I—O—SI\ Boinwer, ~ Si—oH HO Sl\— + A(OH); (3-3)
o nhiét o) ?H
/TN R
AI(OH); + H'Y —— AIOH),'[Y] + H,0 (3-4)
(B) 6o dinh mang c4u triic zeolit:
N N
; !
N OH p N ? p
+ Si0, . : :
— Si— —Si— — S$i— 0—Si— O—Si— -
|H nhiét do) 0
/Si\ ISi
B 2

Nhur vay, thoat tién (& nhiét d6 cao > 400°C) hoi nuéc tdn cong vio nhém trong mang,
tich nhém ra dui dang AI(OH);, dé lai nhilg *18 tréng Al” trong mang (3.3). Néu céc “18
tréng Al” qud nhi€u, va khong duge “gdn" lai thi cdu tric tinh thé clia zeolit s& b “sap” (phd
v3). Song, rdt may la trong vit liéu zeolit thudmg ¢6 mot lugng nhd Si0, v6 dinh hinh (&
dang tap chit), hodc do mét phin nhd nao d6 cha cfu tric tinh thé zeolit da bj phd v& & dang
510, v6 dinh hinh. Duéi diéu kién nhiét d6 cao v ¢é mit hoi nuée, dang Si0, ndy c6 thé di
chuyén dén cic “16 tréng Al” va “gén” lai cdc 13 tréng” bing lien két SiO, nhu (3.5). Nhu
vdy, bing phwong phdp tdch nhém nhiét - hoi nuéc, ngudi ta ¢6 thé tao ra céc zeolit Y cé ti
s6 Si/Al khi cao (c6 thé dat dén SifAl = 3,5 hoic cao hon) rit bén nhiét, thuding duge goi la
zeolit Y siéu bén USY (chir viét tit cla thuit ngit utrastable Y zeolite). Cac zeolit USY c¢é
thé bao todn cdu tric tinh thé clia minh dén nhiét d6 khoang 1000°C.

* MAS NMR I tén viét tit clia phuong phap cng hudng tir hat nhan dp dung cho vat ligu rén:
Magic Angle Spinning Nuclear Magnetic Resonance.
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Phuong phép tich nhom bing nhiét - hoi nude cia zeolit Y thudng duoc ti€n hanh nhu
sau:

* Zeolit NaY duge trao ddi v6i dung dich musi amoni d€ giam luong natri xuéng con
10 - 25% (so v6i lugng natri trong NaY ban diu).

* Zeolit d3 duoc trao d6i NH," (vin con 10 + 25% Na) duge rira hét mudi du, sdy va
nung ¢ nhiét d6 trong khodng 200 + 600°C nhim d€ natri phan b6 lai (natri & céc vi tri
“kin”, khi trao déi, vi du & S, S';... chuyén ra céc vi tri “h&” hon nhwr Sy;, §°y;...), nhung chi

¥ khong nén nung & nhiét d6 qué cao, thdi gian qud 1au... vi ¢6 thé 1am sip ciu tric tinh thé
zeolit.

» Phén natri con lai trong zeolit lai dugc 14y di bing céch trao d6i v6i dung dich muéi
amoni. V& nguyén tic, giam ham lugng natri trong zeolit cing thap cing t6t. Song c4n chd ¥
dén su bdo toan céu tric tinh thé, vi trong trang thdi ndy, zeolit cé can triic rat khéng 6n
dinh.

* Zeolit ¢ ham lugng natri thap (d&€n mitc c6 thé) duge nung néng nhanh trong méi
trudng chita hoi 4m (H,0) dén nhiét 46 giita 500°C dén 800°C (nhiét d6 dwoc lua chon tuy
theo diéu kién thuc nghiém cu thé: ti s6 Si/Al trong zeolit ban ¢4du, ham lugng natri con lai,
dp sudt hoi nuge...). X Iy hoi nude 6 thé thye hién trong cdc reacto tinh hodc trong cic
reacto cé dong hoi nuée doéng. Thoi gian xir 1¥ phu thudc vio muc tiéu dat dén ti s6 Si/Al
cdn thiét. Song khong dugc phéd v -ciu tric tinh thé clia zeolit qua 1 + 1,5%.

Zeolit Y siéu bén (USY) c6é d6 bén nhiét va thuy nhiét 1én hon so véi zeolit Y théng
thudmg, USY c6 thé bdo toan cil tric cla né & ~1000°C. Do sy tach nhom khdi mang ludi,
nén s§ tam trao ddi ctia USY ciing bi thay ddi. S6 tam axit Brénsted ctia USY it hon so véi

zeolit Y théng thudng. Su khic nhau dé s& cdé anh hudng dé€n hoat tinh xic tdc va d6 chon
loc cua zeolit USY.

2. Xt Iy hod hoc

Zeolit Y ¢6 ti s8 Si/Al cao ¢6 thé duge didu ch€ bing cich tich nhom tir zeolit Y
thong thudng bing cdc téc nhan hod hoc khic nhau. Trong trudng hop nay, su tich nhom
kém theo cic phan ting gilia zeolit va céc tdc nhén hod hoc. C6 thé c6 hai trudng hop xay ra;

a. Vita tdch nhém khoi mang vita thé silic vao mang

i. Tdch nhém vai (NH;),SiF g

Ngudi ta xir 1y zeolit v6i dung dich fluosilicat amoni (AFS) & mot gia tri pH cho phép
dé tich nh6ém cia zeolit ra khéi mang lu6i. Nhém bi tich ra dudi dang muéi fluoaluminat
hoa tan trong nudc, d€ lai cdc “18 wéng”, silic tir fluo silicat lai dién vio 16 tréng™, gin lién
cau triic mang zeolit. Qud trinh phan ting ¢6 thé dién ra nhir sau:
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Téc d6 cha giai doan tich nhom khéi mang tinh thé zeolit cao hon t6¢ do “gin” silic
vao mang, do dé thudng vin tao mét s6 “16 tréng” trong mang.

Do ham lugng silic cao (c6 thé dat dén ti s6 Si/Al = 12), nén zeolit sau khi xit 1y cé do
bén thuy nhiét rat t6t. Tuy nhién, ngudi ta da ching minh bing thyc nghiém ring, néu tich
nhém qud nhiéu (> 34 Alftinh thé co s&) thi zeolit tré nén khong bén, do tinh thé thﬁp vi cé
nhiéu “16 tréng” trong khung mang zeolit.

ii. Tach nhém bang SiCly

C6 thé téc dung zeolit Y véi hoi SiCl, & nhiét do cao (gifta 450°C va 550°C) d€ tich
Al ra khéi mang zeolit va thay thé€ Si vdo mang.

0\Na 0 o\ ~©
o’ o o O

NaAICl, dugc tich bang nude & nhiét d6 phong. Tuy nhién, mot vii phitc cloro nhém
bi thuy phan tao ra cic dang oxyt nthom & ngodi mang luéi. Mitc d6 tich nhém phu thuéc
vao nhiét d6 va thdi gian phan ting. Zeolit sau khi tdch nhom ¢6 ti s6 SifAl cao, rit bén nhiét
va bén axit.

b. Tdach nhom nhung khéng thé silic vao mang.

i. Tdch nhom véi cdc tac nhdn selat (chelating agent)

Cé thé tich nhém ra khdi mang tinh thé zeolit bing dung dich EDTA (etylene-
diaminetetraacetic acid and salts) trong diéu kién dong (khuidy trén hodc tuin hoan dung
dich EDTA qua 18p zeolit). Bing phuong phdp d6, ngudi ta ¢é thé tich khoing 50% nhom
khoéi mang dudi dang phitc selat hoa tan trong nuéc ma khong fam t8n that do tinh thé. Neéu
tich nhém khoang 80% thi d¢ tinh thé cia zeolit chi cdn lai 60 + 70% so véi ban ddu. Mac
dit ngudi ta nhan thdy su hinh thanh cic khuyét tat cia mang luéi do xit 1y bing EDTA.
Song, zeolit duge tich nhom bing phuong phip ndy vin ¢é d¢ bén nhiét va thuy nhiét 1én
hon so véi zeolit ban ddu, va kich thude 6 mang co s& vin gidm. D6 bén viing cia zeolit tich
nhém biang EDTA ¢4 thé duge ting cudng thém bing cich trao d6i véi ion dat higm.

Axetylaxeton vad mot vai selat clla aminoaxit ciling duge st dung dé€ tdch nhoém tix
zeolit Y.

ii. Tach nhém bang cdc halogen bay hoi

Céc halogen bay hoi nay khong chita silic (vi du COCl,) tic dung véi zeolit & nhiét d6
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cao dé tich nhom khoi mang zeolit va tao ra cic khuyét tat mang. Cic dang dung dich trong
dung moéi khéng nuée ciing €6 thé tach nhom tir zeolit.

iii. Tdch nhém bdng fluorin

O nhiét d¢ thudng, mot hén hop fluorin - khéng khi c6 thé téch nhom khdi zeolit nhés
tao ra cdc hgp chit nhoém - fluorin.

Téch nhém bang céc dung dich axit chi thuc hién duge vdi cdc zeolit ¢6 ham luong
silic cao nhu mordenit, clinoptilolit, erionit... Bién phap nay khéng thanh céng d6i véi zeolit
X va Y vi cdu tride tinh thé ciia chiing khéng bén trong moi trudmg axit.

3. Két hop xit Iy nhiét va xit Iy hod hoc

Phuong phip nay nhim chuyén zeolit Y dang amoni (NH,'Y) ban ddu thanh dang
“siéu bén” bang cdch xir 1y nhiét, ti€p d€n xir Iy hod hoc dé tich nhom ngoai mang. Xu ly
hoa hoc c6 thé thuc hién bing dung dich axit (vi du HCl) bazo (vi du NaOH), mué6i (vi du
KF) hoiac bang mot s§ céc tic nhan selat (vi du EDTA). Nhém ngoii mang ciing cé thé loai
b6 bang céc phin tng ran - khi véi cc halogenua & nhiét do cao. Tuy nhién, cdn chi ¥ su
dung néng d¢ thich hop, vi & néng d6 cao, cdc tic nhan hod hoc nai trén déu c6 thé tac dung
vGi nhoém trong mang zeolit.

4. Tong hop truc tiép

Héu hét cdc zeolit Y thuong mai déu c6 ti s6 Si/Al trong khoang 2.5 + 2,75. Tir lau,
ngudi ta di cé ¥ tudng tdng hop truc ti€p zeolit Y c6 ti s& Si/Al cao, tuy nhién, y tuwdng d6
khéng dé dang thuc hién, vi qua trinh két tinh zeolit Si/Al cao phu thudc r4t nhidu yéu 16,
nhwr nguén vat liéu (hod chét) ban ddu, thanh phén gel téng hop, didu ki¢n 1am gia gel, nhiet
d¢ va thoi gian ket tinh, chit tao c4u tric hodc mam két tinh (lwgng va ban chat mdm...)... Vi
dy, tang ti s6 Si/Al trong gel hoac thdi gian két tinh din dén sy gia ting ti s& Si/Al trong
zeolit. Thém sol silic vdo gel aluminosilicat ciing c6 thé 1am tang ti s6 Si/Al trong zeolit.
Nhiéu sdng ch& da cong b6 vé téng hop zeolit Y c6 ti s6 Si/Al cao hon 2,75. Tuy nhién, cic
zeolit Y ¢6 Si/Al cao hon 3 + 3,25 1a chua thé thue hién duge & quy mo cong nghiép bang
cdch téng hop trie ti€p,

3.2.2.2. Céac tinh chét co ban cda zeolit Y c6 tf s6 Si/Al cao (HSY - high silica Y)

1. Cdc tinh chdt chung

So sanh v6i zeolit Y ban ddu, zeolit Y ¢6 ti s6 Si/Al cao dugc diéu ché€ bing cic
phuong phap néi trén déu c6 cdc tinh chét chung sau day:

1) Ti s& Si/Al trong mang tinh thé clia zeolit cao hon.

2) D6 bén nhiét va thuy nhiét t6t hon.

3) Kha nang trao d6i ion gidm.

4) Kich thuéc 6 mang co s& giam.

5) Cdc pic nhiu xa XRD chuyén dich vé phia gia tri 20 cao hon.
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6) Lien két Si (0Al)* 1a chii yéu duoc thé hién trong phé 2°Si-MAS NMR.

7) Sy phan b cha Al trong hdu hét céc zeolit USY 13 khong déng nhat.

8) Tén s6 dao déng héng ngoai ctia cic lien két cfu tric (400 + 1200 cm )
chuyén vé phia gi4 tri cao hon.

9) Néng d6 ctia nhém OH axit trong phd héng ngoai (IR) giam.

10) D axit téng cong cla zeolit giam.

11} Lyc axit ctia zeolit tang.

12) Mat do tam axit giam.

Nhitng dic diém chung dé cla zeolit Y bién tinh 12 do ti s& Si/Al trong mang ludi cao
hon zeolit Y thong thudng. Nguoce lai, dua vio moét s6 tinh chét dé, ngudi ta ¢6 thé tinh todn
s& nguyén tir Al trong mang zeolit. Vi du, dya vdo hing s6 mang ludi, gia tri cha phé IR,
phé 2°Si-MAS NMR... ngudi ta cé thé xdc dinh ti s6 Si/Al cia zeolit.

2. Anh hudng cua phuwong phdp xuw ly dén tinh chdt cua zeolit HSY

Nhiéu tinh chdt cia zeolit Y bién tinh ¢é ti 38 Si/Al cao thudng dugce tao ra do cic
phuong phdp xir ly. Vi du, céc tinh chit cdu tric va hip phu caa zeolit HSY dugc diéu ché
bing cdc phuong phip khic nhau duoc thé hién nhy trong bang 3.2 va 3.3.

Bang 3.2. Anh hudng cha phuong phép xir 1y dén tinh chat cdu tric
va hap phu cua zeolit HSY

Phugng phéap x& ly
Tinh chét Nhiét - hol nude | Nhiat - hoi nude (hoi .
(hai H,0, T°C) | H,0, T°C) va axit Sicl, (NH,)SIF, EDTA
Thanh phén L Sy phan b6 At kha Bé mat giau |Bé& matnghéo |Bé& mat nghéo
pha rén B¢ mt giau nhom déng déu nhom nhém nhom
Dang Al trong
oha rén (@) Al{T) + AKE) AlM Al(T) + Al(E) AlT) AHT)
He’thﬁng M0 | Mao quan nhd va|Mao quan nhé va tho|Mao quan . Mao quén nho
quan thir ¢ép trung binh | cAp trung binh nhd Mao quan nhd. |va thir cap
trung binh
Hap phu N, |Déngnhiethdp |Pang nhiét hap phu |Odng nhigt  [DAng nhiet hap | Dang nhiét hdp
phy kiéu IV kiéu IV hap phu kiéu || phu kiéu | phu kiéu [V

(a): AI(T): nhém & trong mang cdu tric

Al(E}: nhém & ngoai mang cdu tric

* Si (QAl): Si khong lién két trige tiép véi bat ki mot Al ndo:

S0
]
4]

1
$=O=5—=0=5

él
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Bang 3.3, So sinh mot vai tham sé c&u tridc ciia zeolit
trong cac phirong phap xir Iy khiac nhauv

Zoolt  |Si0,/ALO,®| Na,0 %k | B¢ "::;t,:é"g Héngs;fm@"g :;L?udﬁfjf; ffnt::: ..t/":{é;
usy 58 0,17 734 2455 | 1010 59,2
VXU VOIEDTA | 8.4 0,42 812 24,62 982 53,7
USY xt ly axit 8.4 0,05 923 24 58 1032 74,6
Y Xt Iy véi 17 0,05 863 | 24.42 1104 77.4
(NH,),SiFg

(a): X4c dinh bing phan tich hod hoc.

(b): Xdc dinh bang phuong phdp DTA.

{c): % ¢ tinh thé so véi o tinh thé NH,Y truée khi xir 1y bang hoi nude & 871°C, Sh, 1atm,
23% hoi nudc.

Nhur vay, sau khi xir 1y bing cdc phuong phip khic nhau, nhiéu tinh chat cia zeolit Y
da bi thay déi va do d6, din dén nhiing thay d8i dang k€ tinh chat xic tdc cha zeolit, ching
ta s& xem xét nhitng dac diém cha yéu.

i. Sy hink thanh cdc dang Al ngodi mang

Nhur ching ta da biét, xir 1y zeolit Y trong dong hoi nuéc & nhiét d6 cao c6 thé tach Al
trong mang tinh thé zeolit thanh nhitng dang Al ngoai mang, nim trong cdc mao quan zeolit,
déng thoi thuc hién qué trinh 14p ddy cdc “16 w6ng” Al bing silic. Hien tugng dé hoan toan
duge xdc nhan bing thuc nghiém nhes phd cong hudng tix hat nhan vat liéu rin 2°Si-MAS
NMR.

Hinh 3.4 vA 3.5 gidi thieu mot phé 2°Si-MAS NMR va 27A1-MAS NMR ciia zeolit
NaY va zeolit Y duoc xit Iy bing phuong phép nhiét - hoi nude.

Tir hinh 3.4 nhan thdy ring, NaY 6 rat nhiéu Al, tao ra c4c lién két Si(3Al), Si(ZAl
va Si(oAl), trong d6, Si(2Al) 1a nhiéu nh4t va Si(oAl) 13 it nhét. Theo qud trinh x{r ly nhiét -
hoi nude va xit 1y axit, Al tach d4n ra kho6i mang zeolit, do d6, néng d¢ clia pic dic trung
cho lién két Si(oAl) ting din vi chiém wue the (nh4t 13 & miu USY-B xir 1y véi axit.

Tir hinh 3.5 nhah thdy ring, & miu NaY hdu nhy Al trong zeolit déu & dang tit dién,
ndm trong mang tinh thé zeolit. Khi bj xir Iy nhiét - hoi nuée, Al bi tich ra khoi mang thé
hién & pic O va pic P. Lugng thay d6i giita cdc dang Al phu thuéc vao phuong phép xir 1y va
su khic nghiét coa sy xir 1y,
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Hinh 3.4. Phé Si-MAS NMR ciia Hinh 3.5. Phé ¥ AI-MAS NMR (a)
zeolit Y véi cdc ham luong nhém khdc NaYZeolit, (b) zeolit Y tich nhom béng
nhau trong mang. phuong phip nhiét — hoi nudc (T-Al &
dang tif dién, P-Al c¢6 phéi tri 5, O-Al &
dang bat dién).

Téach nhom khéi mang zeolit bing SiCl, ciing din dé&n sy hinh thanh cic dang nhéom
khic nhau & ngoai mang, phan b§ trong cdc mao quén zeolit. Ngudi ta cho ring, nhém ngoai
mang ¢é cfu tric pseudo bomit (pseudoboehmite, gid bomit), hodc & dang aluminosilicat vé
dinh hinh. Trong phuong phdp xir Iy bing nhiét - hoi nude vi bing SiCl,, bé mat ngodi cia
zeolit giau Al (c6 ndng d6 Al cao hon), do mot s6 Al ngodi mang di chuyén dén bé mat.
Nguoce lai, tich nhém bing céc tdc nhan selat (vi du EDTA) hoic vé6i fluosilicat amoni
khéng tao ra cdc dang nhom ngodi mang, vi cic hop chit nhoém déu dé tan nén dé dang loai
b khoi beé mit ciia zeplit. Hiu nhu lwong nhom cdn lai déu duge dinh xi trong mang zeolit.
Tuy nhién, xir 1y bang EDTA thudng tao ra cdc khuyét tat (“16 tréng” chua duge 14p ddy)
trong mang, trong khi dé xir Iy bang (NH,),SiFg thi cic “16 tréng” hdu nhu duge dién diy
bang cdc nguyén tir Si.
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Trude diy, ngudi ta cho rang, cdc dang Al ngodi mang zeolit khong déng vai tro gi
trong xic tic axit cia zeolit. Song, gdn day c6 nhimg nghién citu (M.L. Qicelli and P. O’
Conner, © 2001 Elsevier Science) cho riing, cdc zeolit Y ¢6 ti s6 Si/Al cao nhung khéng c6
hodc ¢ it Al ngoai mang thi thé hién hoat tinh xdc tic axit khong cao; trong khi dé, zeolit Y
duoc tdch nhom véi ti s6 Si/Al thip hon, nhung cé dang Al ngoai mang lai rat hoat dong vai
xtie tic axit (vi du cracking), d6 1a do su hiép trg xiic tdc giita céc tam axit Bronsted ciia
mang zeolit va cdc tdm Lewis (nhom ngoai mang).

ii. D6 bén thuy nhiét

D¢ bén nhiét va thuy nhiét clia zeolit Y c6 ti s6 Si/Al cao, néi chung 1a t6t hon so véi
zeolit ban ddu. Do bén dé phu thuée ding k€ vio phuong phip xir Iy. Vi du, d6 bén nhiét cla
zeolit ma sau khi xir 1 khong c6 cdc khuyét tat mang, nghia 13, cdc “16 tréng” duge lap ddy
béi Si thi cao hon so v6i zeolit ¢6 nhiéu khuyét tat mang. Nhu vay, zeolit USY dugc tao ra
bang phuong phap nhiét - hoi nude, USY xit ly bing axit, bing (NH,),SiFg hodc SiCl, cé do
bén t6t hon so véi zeolit Y ¢6 ti s6 Si/Al cao duge xUr 1y bing cdc téc nhan selat (vi du
EDTA) hoac cic halogenua bay hoi. P& bén nhiét va thuy nhiét nay lién quan chit ché dén
qua trinh 14p ddy “16 tréng” ctia Al trong qud trinh tich nhém. D&i véi zeolit Y xir 1y bing
{NH,),SiFg, (Y(NH,),SiFg), nguén silic 14p ddy “16 tréng” Al 1a nguén bén ngoai nén tinh
thé duge bao toan, trong khi d6 USY nhan duge tir phuong phép nhiét - hai nuée lai sir dung
ngudn silic bén trong (nghia 1a uy ban than zeolit, mot phin ndo d6 cha zeolit bi bién ddi) dé
ldp ddy “16 tr6ng” va d6ng thai tao ra cdc mao quén thit cAp ¢6 kich thude mao quan trung
binh (mesopore). Do d6, d6 bén nhiét va thuy nhiét cia zeolit Y(NH,),SiF, t6t hon so véi
zeolit USY duoc tao ra do phuong phép xir Iy nhiét - hoi nuée.

iii. Su phdn bé cia Al trong zeolit ¢é 1 s& SitAl cao.

Cén luu y ring, ti s6 Si/Al nhan dugce tir phép phan tich hod hoc cho biét thanh phin
téng thé cla zeolit. Song, trong thyc t€ su phan bs Al trong mang zeolit thudng la khéng
dong nhit d6i véi zeolit ¢6 ti s§ Sif/Al cao. Sy phin bd d6 cé thé duge phéat hién bing céc
phuong phép phé XPS (phé phat xa photon tia X, X ray Photoemission Spectroscopy) SIMS
(phd khai lugng ion thi cdp, Secondary lon Mass Spectroscopy),... Céc keét qua nghién cdu
cho thdy ring, USY dugc diéu ché biing phuong phép nhiét - hoi nude, hoic bing SiCl, cé
bé mat giau nhoém, cdn céc zeolit duge xir ly bing EDTA hoac (NH,),SiFg thi lai ngheo Al
bé miat. USY duge xir Iy vira nhiét - hoi nude vita rira axit ¢é sy ‘phan bé nhém tuong déi
déng nhdt.

Sw phan b6 Al trong mang zeolit c6 anh hudng Ién dén d6 axit, co ché phin ting, kha
ning ti€p cdn cha céc tAm xiic tic vdi hydrocacbon,... Do d6, khi nghién citu vé hoat tinh

xlic tdc ctia zeolit Y gidu silic cdn lvu ¥ d€n dac diém nay.
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iv. Hé mao qudn

Maher vi cong sy (Adro, Chem, Soc, 101, 206 (1971)) 1a nhitng ngudi diu tien nhan
thdy ring, trong qué trinh tao ra zeolit USY, cdc “1& tréng” d¢ lai do sy tich nhém nhiét -
hoi nude duge “gan” lai do cdc nguyén tir Si do chuyén tir cdc phin tinh thé bi pha v& dén
“16 tréng”. Mot s& sodalit bi phd v&, tao ra ngudn silic cho su “gin” lién mang, dong thoi
tao ra cic mao quan thit cdp, 6 kich thude ¢& 50 - 200A°. Kich thude vi s6 lugng mao quan
thit cdp tang leén theo mic do va thdi gian tich nhom, Xir ly axit va sau d6, xir 1y nhiét - hoi
nuée 1am ting dudmg kich higu dung cia zeolit, thuin lgi cho sy khuyéch tan ciia nhiing
phan tit hydrocacbon 16n vao bén trong céc tinh thé zeolit.

Zeolit Y duge xir 1y bing EDTA ciing ¢6 mét s6 mao qudn trung binh bén canh cdc
. mao qudn nhé. Con trong zeolit Y duoc xir 1y bing SiCl, va (NH,),SiF, thi khéng c6 loai
mao quan thi c4p vi nguén silic duge cung c&p tir tdc nhan xi 1y.

v. Tinh chdt axit

Bang hip phu piridin, ngudi ta di ket ludn ring, trong zeolit USY tén tai ca hai loai
tdm axit: Brinsted va Lewis. Dé axit Bronsted duoc tao ra chi y€u 1a do cédc nhém hydroxyl
axit gdn v6i mang zeolit, trong khi dé, d6 axit Lewis 1 do cdc dang Al ngoai mang. Su ¢é
mit cta mét it aluminosilicat vd dinh hinh cing déng gbp vao do axit ciia USY., Trong cdc
zeolit USY dugc tao ra do vira xit 1y nhiét - hoi nuée vira xir 1y axit thi d6 axit Bronsted va
Lewis déu giam.

Nghién cite do axit cha nhiéu zeolit Y khac nhau di din dén ket luan ring, cdc zeolit
USY c6 cdc t4m axit manh hon so véi c4c zeolit Y ban ddu (trude khi xir Iy dé wing ti s6
Si/Al). Hién hay, moi ngudi déu thira nhan ring, trong zeolit Y gidu silic, mbi mot tam
nhém trong mang déu gén véi mot tam axit manh, sir 6 mat cia cdc tim nhém ngoii mang
cling dnh hudng ding k& dén hoat tinh xic tic cracking, izome hod hydrocacbon. Cau hai vé
ban chat va vai trdé cla nhom ngoai mang deén hoat tinh xic tdc vin 12 mot thich thic ly
thuyét va thyc nghiém trong nghién ctu xdc téc zeolit hién nay.

vi. Tinkh chdt trao 461 ion

Zeolit Y bién tinh thudng duoe sit dung trong ché tao chét xiic tic FCC duéi dang trao
ddi véi cation kim loai. Céc cation déng vai trd nhu trong zeolit cation-Y thong thudng,
nghia I gia tang do bén c4u tric va do6 axit cha zeolit. Bing phuong phdp trao déi ion, ngudi
ta c6 thé thay the hoic loai bd cic cation (k€ ca dang nhom ngodi mang) cla zeolit.

Cic ion natri lam suy gidm hoat tinh xiic tic (axit), d6 bén va kha ning gia ting chi s6
octan cia zeolit. Céc ion natri thuéng dwoc loai bd bing cdch trao déi ion v6i cdc ion amoni
‘va/hodc véi cation dét hiém. USY cling dugcetrao d6i véi ion d&t hi€m khi ché tao xic tic
FCC nham gia tang hoat tinh ma vin duy tri do tang hgp 1y chi s octan ciia zeolit. Zeolit Y
trao d6i v6i cation dat hiém c6 kha néng lam gidm su tao c8c va sur hinh thanh khi kho trong
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qud trinh cracking. Khi ham lugng cia ddt hi€ém gidm, hiéu suft tao gasolin cita xdc tic
giam, nhung kha nang cai thién chi s octan lai tang.

Nhu vy, zeolit Y la mot hop phan quan trong trong céng nghé tao chat xic téc FCC.
Zeolit Y la mot aluminosilicat tinh thé cé cdu triic mao qudn khong gian 3 chidu véi kich
thudc mao qudn ~7,4 A, chita cdc hée réng ~13 A, do dé, zeolit Y 1a mét vat liéu rin khd
“x0p va réng”, tac ra mgt bé mdt riéng khd lon (~700 + 1000m?/g). Thanh phdn hod hoc
cia zeolit Y: Mey, 0.AlO,.xSi05.yH>0, n 1a hod tri cha cation Me, véi 1.5 <x > 2,5,
x = Si/Al, ti 56 nay la m¢t tham 56 rdt quan trong déi véi zeolit Y. Khi x tdng thi do bén
nhiét, thuy nhiét, do axit cia zeolit HY tdng, trong khi dé hdng s6 mang, khd ndng trao déi
ion, lugng tam axit gidm.

Cdc phuong phédp xit Iy nhém nhdm gia tang gid tri x cua zeolit déu phdi cdn cit vao
nhitng mot quan hé néi trén.

3.2.3. Chat nén

Hop phin quan trong thit hai ctia chit xic tdc FCC 12 chét nén {matrix). Nhiéu pha
nén cé thanh phdn tuong tu thanh phin cda chdt xdc tdc cracking duge st dung trude day,
khi chwa phit hién ra zeolit, trong thdi ky trudc chign tranh the glO’l 14n thit 11, ching han
nhu d4t sét xr 1y axit va aluminosilicat v6 dinh hinh.

Trong chét xic tic FCC, zeolit duge phén tdn trong chét nén. Thanh phin cta ch4t nén
va diéu kién ché tao chit xiic tac duge chon lua sao cho chit xiic tic cé hoat tinh va 46 bén
cd hoc thich hgp.

3.2.3.1. Chifc ndng chét nén
1. Chitc ndng vt ly
Chét nén cila chét xiic tic dam bao mot s6 chitc nang vat Iy quan trong sau day:

¢ Tdc nhan két dinh: mot trong cdc chic nang chinh cha chit nén 12 lién két céc tinh
thé zeolit trong hat xic tac dang vi cfu duge tao ra bing k¥ thuat sy phun. Hat phéi ¢6 do
cting (46 bén co hoc) thich hop, chiu duge su va dap gilta cde hat v gifta hat véi thanh (vd)
reacta, .

* Hb trg khuéch tan: chit nén déng vai tré nhu mét tic nhan hd trg khuéceh tin cho céc
phén t nguyén liéu vi cic san phdm cracking. Ch4t nén cé mot hé théng mao quan véi kich
thude kha 16n (mao quan rong) nén rit thuan lgi cho su van chuyén cac hydrocacbon dé€n va
roi khoi bé mat zeolit. Cac hé thdng mao quan clha chit nén khéng bi “hu hai” trong qui
trinh x{r 1¥ nhiét, nhiét - hoi, hoan nguyén xic tic.

e Mbi truémng “pha loang”: chat nén c6 tdc dung nhu mét moi trudng *“pha loing” cic
tinh thé zeolit trong mot thé tich vat liéu 16n hon nhim d€ diéu chinh hop 1y hoat tinh xic
tdc cha zeolit va nham tranh cdo phan Ung ¢racking su.
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* Chit tai nhiét: chét nén c6 chifc nang nhu I3 mot vt liéu tai nhiét trong cic hat xiic
tic FCC. Nho kha nang tai nhiét t6t ciia pha nén ma khéng x4y ra hién tugng qua nhiét cuc
b, do d6, cdu tric tinh thé cha zeolit khong bi phad v& trong qud trinh cracking va hoan
nguyén xiic tdc.

¢ Chit “thu gom” natri: nhu chiing ta d3 biét, natri 12 mét tic nhan gay hai cho hoat
tinh xdc tdc, d6 bén nhiét va thuy nhiét clia zeolit. Nhe kha nang trao déi ion trong pha rin,
cdc on natri trong zeolit ¢6 thé di chuyén tir zeolit dén pha nén, va do dé, 1am cho ham
lugng natri trong zeolit gidm dén miic th4p nhat c6 thé.

2. Chitc ndng xic tdc

Ngoai chic ning vit 1y, chdt nén cdn thé hién chic nang xic téc. Trong nhimg nam
1960 va nhing ndm dau thap ky 70 th€ ky truée, ngudi ta di nhan thdy ring, chit nén ciing
dong vai trd quan trong trong viéc céi thién tinh chit xdc téc ciia cac chét xiic tic FCC. Do
dé, cdc nha san xuflt xic tdc dd sit dung cdc chat nén hoat dong nhv oxyt nhém hoac
aluminosilicat v6 dinh hinh dé b6 sung vao dét sét. C6 thé chia chat nén thanh hai loai :

e Chét nén c6 hoat tinh thip

Trong cdc chat xic téc FCC ciing chita mot lugng lugng zeolit va kiéu zeolit nhu nhau
thi chat xdc tdc nao c6 pha nén hoat tinh thdp (vi du pha nén 12 hén hop d4t sét - silicagel) s&
tao ra ft c6c va khi hon. Anh hudng cha pha nén hoat tinh thdp dén gid tri octan cla gasolin
la khong ding ké. Tuy nhién, vi kha niing tao c6c v tao khi thip nén xic tic FCC nay c6
thé hoat dong trong nhimg diéu kién khic nghiét hon v do d6 c6 thé tang dé chuyén hod va
cai thién chi s6 octan gasolin nhiéu hon.

» Chit nén c6 hoat tinh xiic tdc cao va trung binh

Céc chdt nén nay c6 hoat tinh xic tdc cracking, nhung vin y€u hon nhiéu so véi zeolit.
Hoat tinh cila chit nén duoc tao ra 12 do bé mat riéng cao (> 150 mzlg), do axit bé mat va
kich thuée mao quan khoang 50 + 150 A.

M5t chit nén hoat dong ¢6 thé thuc hién cdc chitc nang xiic téc sau day:

a. Cracking cdc phén tif 16n trong phan doan ddy thap (chung cit), vi cdc phan tir
hydrocacbon dé khong thé khuéch tdn vao bén trong mao quan zeolit.

b, Cai thién chat lvgng LCO, light cycle oil (gi4 tri xetan cao hon) do tang ham luong

hydrocacbon aliphatic, vi cc aliphatic ning clia phan doan ddy dwoc cracking dé dang nhd
chat nén.

c. Nang cao do bén cla xdc tdc d6i véi kim loai, vi chat nén c6 thé cracking cic phan
t nang chita kim loai va lién k&t v6i kim loai (chll yéu véi vanadi), nhey d6, chit nén bao vé
duge cdu tric tinh thé cla zeolit trude sy tin cong cita vanadi.

d. Céi thién d bén cha xiic tic d6i v6i cdc hop chét nito trong nguyén liéu cracking:
nh& d6, zeolit dugc bao v¢, khong bi ngé dée (suy gidm hoat tinh) vi cdc hop chat chia nito.
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e. Gidm thiéu lugng phét thai SO,. Vi du khi pha nén chita oxyt nhém hoat tinh thi sur
phdt thai SO, tir thi€t bi hoan nguyén xiic tdc c6 thé duge gidm xubng ding k€.

f. Cai thién gid tri octan clia xang do han ché t6c do phan ing chuyén dich hydro.

Céc chat xic tdc FCC ¢6 pha nén hoat tinh thuéng dugce sir dung trong cdc cong doan
FCC, ma & dé, ngudi ta khéng thé tién hanh cracking trong nhimg diéu kién khic nghiét.
Duéi nhiing di€u kign cracking binh thudmg, chit nén hoat tinh c6 thé gép phén gia tang do
chuyén hod va gid tri octan clia xing. Tuy nhién, ch4t nén hoat tinh ciing lam d6 chon loc
cracking gidm, lam tang c8c, khi kho va céc olefin C;, C,.

3.2.3.2. Phéan loai

Cdc chét nén c6 thé duge phan loai dia theo cdc tiéu chudn khic nhau: thanh phén hod
hoc, nguén géc clia vat liéu (t6ng hop, ban téng hop, tu nhién), chic nang xic tic (hoat tinh
thip, trung binh va cao), tinh chat vat 1y...

Hau hét cdc chdt nén déu gém 2 hosic 3 hop phén. M6t trong cdc hop phén dé ta chét
két dinh, thong thudng 1a cdc oxyt tdng hgp nhu oxyt silic, oxyt nhém, aluminosilicat hodc
magnesio-silicat v6 dinh hinh. Mot hop phin khic 12 vat liéu khodng sét, thudng 12 cao lanh,
halloysit, hodc montmorillonit. Céc khodng sét duge xir 1y hod hoc hoac xir 1y nhiét trude
khi duge sir dung d€ ché€ tao chit xic tdc cracking. Chite ning ciia khodng sét chil y&u nhim
cai thién d§ bén co hoc clia chét xidc téc. Chét nén bao gdm moét oxyt téng hop (dé€ 1am chit
két dinh) va moét khodng sét ty nhién thudng dugc goi 1 chit nén ban téng hop.

» Céc oxyt téng hop

- Oxyt silic vé dinh hinh (§i0,)

Si0; dugc tao ra tir hydrosol cuia oxyt silic (mdt chit 16ng keo cia SiO, trong nudc).
D6 1a mot chdt két dinh 6t va ¢6 hoat tinh thdp duge sit dung khi ché tao chat xic tac FCC
bang ky thuat say phun. Sol oxyt silic c6 thé dugc di€u ché bing mot s6 phuong phdp nhr:
téc dung silicat natri véi axit trong diéu kién thich hop; cho mot dung dich lodng silicat natri
qua nhya trao d6i ion axit; peptit hod silicagel; thuy phin céc hop chiat silic... Nguén silic
thuong mai la silicat natri ding dé diéu ch€ sol oxyt silic hojc silicagel duge goi 13 “thuy
tinh 1éng”, véi i 56 Si0,/Na,O ~3,3 va chita cdc anion silicat ¢6 mitc d6 polyme hod khic
nhauv.

Sol silic duge diéu ché€ bing cich axit hod nhanh moét dung dich thuy tinh long véi
axit sulfuric dé€n pH = 2 + 3 ¢6 thé ding d€ két dinh cdc hat zeolit vi khodng sét tao ra mét -
chit xic tic FCC di dé ciing va d6 mai mon t6t. C6 thé thém mot it sulfat nhém dé co dinh
sol & nhitng d6 pH mong muén.

Oxyt silic duge di€u ché tir sol oxyt silic duge én dinh bdi amoni (con goi 1a dung
dich poly silicat amoni) ciing dugc xem 13 mot chat k€ dinh hiéu qua, dic biét khi két hop
v6i oxyt nhom.
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Sol silic 1d mot chét ket dinh rat hiéu qua khi vira méi di€u ché, vi khi d6 oxyt silic*
(hay néi diing hon, cdc phan tir axit silicic) ¢6 dé polyme hod thdp va chua bi gel hoi. Sol
oxyt silic néi chung 13 mot hé keo khong bén, theo thoi gian hé d6 s& bi gia hod do tao gel.
Tang pH thic diy sy tao gel. Mic ddu hydrogel oxyt silic dugc diéu ché tir silicat natri duge
xem nhir mét chit két dinh hiéu qua cho xiic tdc zeolit, song né vén khéng bing sol oxyt
silic,

Sol oxyt silic tao ra cdc chit nén cé hoat tinh xdc tdc thip, do khong ¢6 mit cic nhém
OH axit. Tuy nhién, khi k€t hop véi khodng sét, ngudi ta tao ra mét chat nén c¢é bé mat riéng
cao, thé tich mao quan twong d6i 16n (> 0,3 ml/g), v6i mot lugng 1én mao quan rong (~50%)
c6 kich thuée ¢& 500 + 2000 A, va do d6, né rét thich hgp cho cracking cdc nguyén liéu
niang.

- Oxyt nhém

Oxyt nhém 12 mgt cdu tir quan trong ciia nhiéu chét xic tic zeolit. Phy thuéc vao loai,
kh6i lugng va cich phéi tri vio chdt nén, oxyt nhém c6 thé déng céc vai trd: (i) tang hoat
tinh xidc tdc cla chit nén, (ii) cai thién dé bén mai mdn cha chit xiic tic, (iii) cai thién d6
bén thuy nhiét cla chét xic tic, (iv) “biy” kim loai trong c4c nguyén liéu ning va (v) giam
phét thai SO, khi ché bi€n cdc nguyén liéu giiu lu huynh (ddu chua). Trong mét s6 trudng
hgp, oxyt nhém duge thém vao chét xiic tic nhu nhimg hat oxXyt riéng ré.

Pxodobomit (Pseudoboehmite) thudng duge sir dung dé ché tao xic tic. Pxodobomit
¢6 bé mat rieng cao (200 - 300 m*/g), 1a dang oxyt monohydrat cha nhom, dwge diéu ché
bing mot s6 phuong phép: thuy phan alkoxit nhom; tdc dung aluminat natri véi sulfat nhém;
axit hod aluminat kali hodic thém mét bazo vao mét mui nhém. Pxodobomit dugc dic trung
bdi mét pic rong trong khoang 10° - 18°, dinh pic & 13,5° (26) ciia phé XRD. Sir cé mat coa
oxyt nhém & dang pxodobomit trong chét xtic tic khong chi lam ting do bén va hoat tinh
xii¢ tic ma con cdi thién d6 mai mdn ca chit xic tdc. Pxodobomit thudng duge peptit hoa
trong nudc axit (axit rdt lodng), trén véi cic hop phén khic cla chit xiic tic, ti€p dén, hén

hop d6 dwgc sdy phun. D€ tré thanh mot chat két dinh t6t, pxodobomit phai d& dang peptit
hod.

Oxyt nhom dehydrat hod ¢6 d6 axit ddng ké. V{ du, khi nhiét d6 nung tang, do axit
clia oxyt nhom duge diéu ché biang thuy phan isopropylat nhém, di qua hai gid tri cuc dai &
500°C va 800°C. Theo qué trinh nung pxodobomti chuyén ddn thanh y-ALO; & khoang
300°C va thanh 8-Al,04 & khodng 870°C. y-Al,0, ¢6 nhiing nhém OH axit (axit Brénsted)
ciing nhu cdc tdm Lewis. D6 14 vat liéu mao quan trung binh (mesopore) va mao quan lén
(macropore), trén bé mat y-Al;O3 ¢ 5 nhém hydroxyl khic nhau Ung vdi cdc d6 axit khde
nhau. Lyc axit cia oxyt nhém thip hon lyc axit cda aluminosilicat. Déng két tia oxyt nhém
véi mot lugng nhéd cic oxyt khic (vi du oxyt Fe, Ca...) ngudi ta ¢6 thé gidm cdc tAm axit
manh, va ting cdc tAm axit y€u va trung binh. Céc ion natri bao boc cdc tim axit va lam
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giam hoat tinh xiic tdc cia oxyt nhém. trong qud trinh x{r 1¥ nhiét - hoi nude, oxyt nhém bi
“gid hod”, bé mait riéng gidm, cic mao quin nho bi chap lai, mao quan trung binh ting lén.

Pxodobomit thudmg dugc sir dung cling v6i khodng sét vi mét s6 hgp phin khédc dé tao
ra chit nén cho xic tdc zeolit. Vi du, thém moét lugng nhé cia sol oxyt silic 6n dinh bing
amoni vao hén hgp oxyt nhém - d4t sét 1am gia ting dé bén mai mdn co hoc cha chéat xiic
tic. Mét vai aluminosilicat vé dinh hinh duge hinh thanh trong qud trinh ch€ tao chdt xic
tac. Ngudi ta ciing ¢6 thé tao ra chét nén tir gel aluminosilicat, pxodobomit vh khodng sét.

Ngoai pxodobomit, mot s6 hop chét khic cia nhém ciing dugc sit dung nhu 12 tién
chit cha tdc nhan két dinh dang oxyt nhém. Nguoi ta thdy ring, oxyt nhém xuft phat tir
clohydrol nhom 1& mét chit k&t dinh hidu qua cho chat xiic tic chita zeolit va khodng sét.
Clohydrol nhém la polyme clia ciohyclroxyl nhém tr monome Al,(OH);ClL.2H,0. Nung
clohydrol nhém chita trong xiic tdc lam thodt ra axit HCI va hinh thanh mét chat xic tdc rat
bén va chiu méai mon.

- Aluminosilicagel

Truéce khi phét hién ra xdc tdic FCC, ngudi ta di sir dung aluminosilicagel nhu 1a chat
xiic tdc cracking. Trong thdi gian d6, aluminosilicagel rit duoc chd ¥ nghién ciu. Nhiéu
kién thitc kinh nghiém tif thdi ky d6 vin duge Ung dung trong viéc ché tao chit nén cho xic
téc FCC hién nay.

Phuong phdp diéu ché.

Aluminosilicagel téng hop sit deng trong céng nghiép ché tao chét xidc tic FCC cé thé
diéu ch€ bing cdc phuong phap:

i. Két tia hydroxyt nhom va hydrogel oxit silic.

ii. Phan @ng giita sol oxyt silic va oxyt nhém: thém oxyt nhém dudi dang oxyt nhém
hydrat hodc dung dich mudi nhém vao sol oxyt silic.

iii. D8ng két tha aluminosilicagel: dung dich thuy tinh long tic dung véi mot vai mudi
nhém trong nhitng diéu kién cu thé.

iv. Thuy phan cic din xuft hitu co cia nhém va silic.

Céac aluminosilicagel duge diéu ché tir silicat natri déu chita cic mudi natri hoa tan
trong nuéc. Vi tic dung x4u cda jon natri d6i v&i xfic tic zeolit nén ngudi ta phai ria sach
cac mudi natri d6 trude khi tron gel vao zeolit va khodng sét. Mot s8 ion natri lién két voi
hydrogel (gel wét) cé thé duge loai bd bing cdch trao déi ion v6i dung dich amoni.

Tinh chat

R4t nhiéu tham 36 cha qud trinh diéu ch€ aluminosilicagel anh huong dén tinh chét
cua hydrogel nhu: ti s§ Si/Al, ndng do oxyt, do pH, tic nhan tao gel, thoi gian va nhiét do
phédn ng, thdi gian vi nhiét 46 1am gia, sy hién dién ciia cdc cation...
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Cdc aluminosilicagel ¢6 ham luong nhom thdp (10 + 15% AlyO3) néi chung c6 thé tich
mao quin thdp, dudng kinh mao quan nhé, bé mat riéng cao va cé hoat tinh xiic tdc thip hon
gel chita ham lugng oxyt nhém cao (~25% AlyOy). DY axit clia gel thay déi theo ham lugng
clia oxyt nhém : d6 axit Bronsted dat dén cuc dai khoang ~70% SiO,, nhu trén hinh 3.6.

126

10 |

Lugng axit
(mmol/m?x10*

A
29 40 -1} 80 100

Si0, (%K)

Hinh 3.6. D6 axit cia aluminosilicagel bién déi theo ham luong ciia oxyt silic (%):
A 46 axit tdng H, < +1,5;.B do axit Lewis; C, d6 axit Bronsted (C = A — B)
(K. Tanabe, Solid acids and bases, Academic Press, New York, 1970).

Céc tam Bronsted c6 luc axit duge phan b6 trong mot khoang khd réng (-3 > H > ~15).

Ca hai loai tam axit Bronsted va Lewis déu ¢6 mit trong aluminosilicagel, tao ra hoat
tinh xic tic cha gel. D€ gidi thich su hién dién cla cdc tam axit, ngudi ta gid thiét ring,
trong phdn Wng giita oxyt nhém va oxyt silic, mét s6 oxyt nhém tr& thanh cic cdu tric ¢
phéi tri tif di¢n nén mang mot dién tich Am, v durge b trir bdi mét proton (tao ra tAm axit
Bronsted). Dehydrat hod bing cich xit 1y nhiét {nung) céc tdm Bronsted chuyén thanh cic
tam Lewis. Tuy nhién, trong gel Al,0;-8i0, ¢ ham lugng SiO, cao, ti s6 Lewis/Brénsted
vin khong thay d6i ding k€ trong mot khoang nhiét do réng. Ngudi ta biét ridng, cdc mao
quan trung binh va 16n dé dugc hinh thanh khi téng hap aluminosilicagel & pH cao, néng do
cao va vdj sur c6 miat cha chét diéu chinh cu tric mao quén.

Céc cflu tric khic nhau véi cdc tdm axit khdc nhau c6 thé tdn tai trén bé mat cdc
aluminosilicagel. Bing nghién ciu phé cong hudng tir hat nhan 2-"AI-MAS-NMR, Gilson va
cong sy (J. P. Gilson et al. J. Chem. Soc. Commun 91, 1987) di thy ring, gel cha alumino-
silicagel (Al,03-Si0,) vira mdi téng hop véi ti s6 Si/Al = 2,15 chi yé&u chita cdc dang nhom
t dién, trong khi d6, trong cdc gel duge xir 1y nhiét - hoi nuéc, tén tai dong thoi cd nhém &
dang t& dién, bat dign va lién két phéi tri S (hinh 3.7). Trén phé 2°Si-MAS-NMR cia
aluminosilicat v6 dinh hinh ¢6 mot ddm phé réng ~110 ppm dai dién cho oxyt silic.
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fip.pom,
Hinh 3.7. Ph6 ¥ AILMAS-NMR ciia gel Al,03-5i0, (Si/Al = 2,15); (A) gel méi téng hop;
(B) gel duge xr 1¥ nhiét — hoi nudc & 427°C, 4h; (C) gel duoc x{ 1y nhiét - hoi nudc &
700°C, 4h (T: Al tif dién, P: Al phéi trf 5, O: Al bat dién).

Aluminosilicagel duoc cfu tao gdm cic hat hinh cAu nhé va & trang thdi v6 dinh hinh
theo ky thuat XRD. Géin day, ngudi ta phdt hién ring ¢6 mot s& zeolit v6 dinh hinh theo
XRD nhung theo k¥ thuat IR thi'dd hinh thanh cic tinh thé (hoic midm tinh thé) rat nhd cha
zeolit, do d6 din dén gid thiét rdng, trong aluminosilicagel ciing dd ¢6 nhitng c4u tric tién
zeolit va do d6, gel cé hoat tinh xic tic. Dién tich bé mit riéng clia gel ¢6 thé thay déi tir tir
100 + 600m*/g tuy thudc vao cic yéu t6 sau day: diéu kién diéu ché, cich sip x&p cia cdc
hat gel, kich thudc hat gel, kh6i luong riéng, su xir 1§ nhiét - hoi nude... Cdc y&u 16 d6 ciing
inh dén thé tich mao quan, su phan b6 kich thudc mao quén trong gel. Nung gel trong hoi
nude lam gidm dién tich bé mit va thé tich mao quén, 1am ting kich thuéc mao quéan 1a do
st hinh thanh cdc hat gel 16n tir cdc hat nhd, do su sap (phd v3) cha cdc mao quéan nhd (< 30
A). Xit 1y nhiét va nhiét - hoi nuéc ciing ¢6 thé 1am giam do axit va hoat tinh xtic tdc cla
chét nén.

Aluminosilicagel cling c6 kha ning trao déi ion nhd su hién dién cta cic ion Al tir
dién. Ngudi ta ciing ¢ thé trao d6i d4t hi€m véi aluminosilicagel dé ché tao chét nén cho
xtic tdc FCC nhim gia ting hoat tinh xic tic, song ciing lam gia ting c&c va khi.

94



- Cdce oxyt hén hop vo co khdc

‘Trong nhiéu bing sdng ché&, ngudi ta sir dung céc oxyt hén hop v6 co d€ 1am chat nén
cho xic tde FCC (bang 3.4).

Bang 3.4. Mét sd oxyt hén hop vé co

Oxyt hén hgp {%mol) B& mat riéng, m%g Luc axit
Al,0,.Si0, (94:6) 270 +8,2
2r0,.Si0, (88:12)° 440 —82--7.2
Ga,0,.810, (92,5:7,5)° 90 -82+-72
BeQ.Si0, (85:15)° 110 —6,4
MgO.Si0, (70:30)° _ 450 6,4
Y,0,.8i0, (92,5:7,5)° 110 -5,6
La,0,. Si0, (92,5:7,5)° 80 56+ -32
8nQ. Si0, (85:15)° 70 Yé&u han La,0,,5i0,
PbO. Si0, (8515} . 100 Yé&u hon La,0,,5i0,

a: Hydrooxyt kim loai dugc k&t tha trén SiO, min.
b: Silicat etyl va nitrat zirconi déng két tia.

c: Silicat etyl va axetat magie ddng két tia,

Ngoai aluminosilicagel, ngudi ta con sit dung cic chét nén chia oxyt titan, oxyt
zirconi, oxyt magie... cic gel clia TiO,-Si0,, Zr0,-8i0,, P,05-8i0,, Al,04-MgO... M6t vai
chdt nén chita phosphat nhém hoac perovskit cung véi $i0; va/hoidc Al O;.

Céc oxyt hén hop v6 co dé ¢6 néng do axit, bé mat riéng, thé tich mao quan, phan b6
kich thu6c mao quan va d6 cing khic nhau. Ching tao ra cdc tinh chat vat ly va xic tdc cin
thiét cho xic tdc FCC. Vi dy, $i0,.Zr0; ¢6 d6 axit rit manh (H < ~8 ,2) va bé mat riéng cao
(trén 400m?/g). Si0,.Zr0, chita cdc zirconi phéi tri 6 mang dién tich ~2. B8 sung perovskit

{CaTiO;) vao xic tic FCC nham cai thién chi s6 octan cha gasolin, nhung 1am gidm hiéu
sudt gasolin.

» Cdc vdt liéu khodng sét tir nhién

- Khodng sét ty nhién

Céc khoing sét tu nhién duge sir dung hdu nhu trong moi chét xic tdc thuvong mai, &
dang ngam nudc hodc dang dugc xir Iy hod hoc hodc xir Iy nhiét. dang ngdm nudc ching
¢6 hoat tinh thdp, nhung anh huéng manh dén cdc tinh chat vat 1y cda chdt xidc tic. N6i
chung, chét xic téc chia khodng sét déu eitng hon, chic hon va c6 d6 mai mon t6t hon so
vOi chit xic téc c6 chédt nén t6ng hop. Cic khodng sét ty nhién con déng vai trd nhu chat
“d6n”, vi théng thudng ching ré hon cdc chit nén khiéc.
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N6i chung sét dugc lya chon dé ché tao chét xic tic FCC 1a kaolinit va halloysit.
Chiing ¢6 cdu triic 2 16p, gém cdc mang xen k& cha SiQ, (i dién) vad AlQ, (bdt dién) nhu
trén hinh 3.8. Thanh phén 1§ tudng cha kaolinit 13 25i0,.A1,0;.2H,0. Tuy nhién, khodng sét
tu nhién thudng chita cdc tap chit nhu sit, manhe, calxi... vd m6t s6 tap chat khodng khéc
(vi du quartz). Kaolinit khic v&i halloysit trong céch sdp x&p hinh hoc cic I6p co s,
Halloysit cé thé bi dehdrat hod khéng thudn nghich va tao thanh metahalloysit. Khi nang
trao déi ion cha céc khodng sét nay thdp (1 + 10 mdlg/100g khodng sét). Ngudi ta cho ring
tinh ch4t trao déi ion duge tao ra la do su thay th& déng hinh ciia Al trong mang bdt dién
béi Mg?t (Mg?* — AI’H.

O Oy

@ Nhém
® Silic
© Hydroxyl

COH tai 0,437nm

¢T3 nm —mf

Al tai 0,227 nm
0O,0H tai 0,219 nm

Si tai 0,08 nm
G tai 0,0 nm

la— droo1)

Hinh 3.8. Ciu tric 16p cta kaolinit nhin theo truc a

Cé mot s6 khodng sét ciling duge st dung trong ch€ tao chdt xdc tic FCC, nhu
montmorillonit, illit... Montmorillonit 1a khodng sét ¢6 céu trie 3 16p gidn nd, gém mot
mang bdt dién AlO4 ndm giita 2 mang t& dién Si0,. Loai khodng sét nay cé kha ning trao
d6i ion 16n hon (70 - 90 mdlg/100g khodng sét) so véi kaolinit.

Cic khodng sét dung d€ 1am chit nén cho chét xiic tdic FCC thwong phdm duge tinh
ché (1am sach) va c6 kich thuée trung binh clia cic hat nho (da 56 13 2um). Tinh ch€ &€ loai
bd edc tap chét ¢6 hai cho hoat tinh xiic tdc (vi du Fe) hodc tao ra nhitng chit 6 nhiém moi
trudng. Kich thuéce hat nhé, do phén tdn cao cai thién d6 bén mai mon cla chit xiic tic.

Chi véi kaolinit khong cn thém chat phu trg nao khic, ngudi ta ciing c6 thé ch€ tao
dugc chét xiic tdc ¢6 do bén mai mon t6t: ép din mot hdn hgp udt cha NH,Y va cao lanh,
nung va xir 1y nhiét - hoi nudc & 700°C ¢6 thé tao ra mot chét xiic tdc chiu mii mon va rit
hoat dong.

- Khodng sét bién tinh
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L. X ly hod hoc

Cdc khodng sét kaolinit, halloysit hosic montmorillonit duge xir 1y bang axit 1a cac vat
lién c6 hoat tinh xtc tic t6t hon so véi khodng sét tu nhién ban diu. Chinh cic khodng sét
duge xir Iy bang axit nay dd duge sit dung nhw 12 xiic tdc cracking trudc day khi chua tim ra
zeolit (M. Sitting, Refiner, 31(9), 203, 1952). Xit Iy vdi mitc do vira phii cic khodng sét tu
nhién bing axit lofng, vi du axit sulfuric lodng, c6 thé tich bd cic tap chat sit (tdc nhan gia
ting su tao c6¢ va hydro). Xir ly axit ¢6 thé loai b6t nhém, magie, kim loai kiém thé... lam
gia tang do xOp va bé mat chia vat liéu, va thay thé€ mot s6 cation bang proton. Do d6,
khodng sét tré nén hoat dong xic tdc hon. BS sung oxyt nhém hodc aluminosilicat téng hgp
vio khodng sét xir 1§ axit 1am ting hoat tinh xdc tdc. Nhiéu khodng sét xir 1y axit da duge sir
dung trong ché tao chit xic tic FCC.

Mot dang khic clia khodng sét bién tinh hod hoc 12 sét pilla”. Nguoi ta da thir nghiém
ché€ tao montmorillonit pilla bang cich dua cdc oligome cia hydroxy-zirconi hoac hydroxy-
alemin vao cdc khe mang cia montmorillonit d€ tao ra mdt chat xic tic cracking. Chit xiic
tdc nay cé kha nang gia tang gid tri octan nhu zeolit va cho hiéu suat LCO cao. Tuy nhién,
nhuge di€m chi y&u cha loai sét pilla ndy ta d6 bén nhiét va thuy nhiét thép, do d6 cho dén
nay, két qud d6 vin chua duge dp dung vao xic tic thuong mai. Gin day hon, ngudi ta ché
tao sét pilla dang Al-rectonit. Dang nay ¢6 d6 bén thuy nhiét cao hon va cé hoat tinh xic tac
cracking t6t hon sau khi da xtr Iy nhiét - hoi nwée.

ii. Xar ly nhiét

Trong qud trinh nung, kaolinit trdi qua cdc gial doan bién d8i pha nhu sau:

Kaolinit 20 0WC_ \rerakaokinit — 2 Co spinel 199G nrinie

y-Al,O3 va crystobalit ciing ¢é thé dwge hinh thanh & nhiét d6 nung cao. K# thuat
DTA (phan tich nhiét vi sai, differential thermal analysis) xdc dinh ring, phan ting thu nhiét
dehydrat hod kaolinit xay ra & ~600°C, sau d6 mot phan ing tod nhiét xay ra ~1000°C tao ra
spinel/mullit.

Kaolinit nung & ~1000°C duoe sir dung trong viéc téng hop truc tiép zeolit. Hén hop
metakaolinit va silicat natri ¢ thé chuyén mot phin thanh zeolit Y.

i Xat Iy nhiét va hoé.hgc

Céc khodng sét duge xit Iy nhiét vd hod hoc o6 thé duge dung 1am chit nén cho chat
xtic tdc FCC. Vi du, ngudi ta ¢6 thé chuyén kaolinit thinh mét hén hop spinel/mullit bing
cdch nung & 1000°C, sau dé loai bét SiQ, khoi spirtel bang xdt. Hén hgp spinel/mullit 43 xir

" Thuat ngit nay duge dich tir pillared clay, D6 13 toai khodng sét duge "ch&n” céc cation kim loai

vao gifta cic 6p cu tric dé “chdng”, “chen” (pillared) 1am bén céc Idp cau tric dé. C6 ngudi
dich sét chong, sét chén.
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ly x4t d6 duge sir dung dé ché tao chét xiic tdc FCC. Chft xdc tic nay ¢ do bén thuy nhiét
t6t va rdt hiéu qua trong phan vng cracking nguyén liu nang (ddu can). Xic tic chia
metakaolinit dugc xir Iy bang axit ciing cé cdc tinh chét twong tu.

Tom lai, chdr nén la mot hop phdn khad quan trong trong viéc ché tgo chdt xic tdc
FCC. Char nén c6 nhiém vy chii yéu la tdng dé bén co hoc, do bén nhiét, thuy nh'iét, kha
ndng khuéch tdn va diéu chinh hop Iy tinh chdt xic tdc ciia chdt xiic tde FCC. Chdt nén
thuong bao gom cdc oxyt, hon hop oxyt téng hop va ede khodng sét ne nhién dwoc xit 1y thich
hop (lam sach, hod hoc va nhiét). Lua chon cdc hgp phdn, xdc dinh thanh phdn chdt nén va
Ky thudt xir 19, ché tao chdt nén la mot van dé khoa hoc va “nghé thudt” trong cong nghé
sdn xudt chdr xdc tdc néi chung va cho chdt xic tde FCC néi riéng. Quy trinh va vit liu

sdn xudt chdt xiic téc phie thuéc chit yéu vao muc dich can dat duoc cita cde nha loc ddu.

3.2.4. Cdc chat phu trg xic tdc

Cong nghi¢p loc dau ngay cang phai d&i mat v6i nhiéu thich thic quan trong. Trong
d6 ¢6 nhitng ludt 1€ moi trudng, yéu cdu nghiém ngat vé chat lugng chia nhién liéu va phuong
cdch hoat déng cla cdc nha may loc ddu. Ngudi ta doi hoi phai san xuat gasolin nhién hon,
déng th&i phai tao ra nhiéu cdc sdn phdm khdc, vi du nhu cdc alken nhe nhim phuc vu cho
coéng nghiép hod dau. Do d6, trong nhitng nam gin day, ngudi ta ¢6 khuynh huéng thém mot
s6 chdt phu tro (additive)} vao chdt xic tdéc FCC nhu zeolit ZSM-5, zeolit B,... vh mét s6 chilt
phu trg khéc. '

3.2.4.1. Zeolit ZSM-5

» Vai tro phu tro xiic tdc cia ZSM-5 trong chdt xiic tde FCC (Nguyén Hitu Phi, Tap
chi Hod hoc, T35, 86 36, 1r8-22, 1997}

Viéc thém ZSM-5 vao chét xiic tdic FCC 12 mot phuong phap quan trong dé tang luong
alken nhe ma khéng lam tang luong c6c va khi. Thém ZSM-5 din dén sy gia ting chi s6
octan cua gasolin do ting ti s6 iso/normal cla cdc alkan va alken vi ting néng do
hydrocacben aromat trong gasolin. Péng thai, né 1am ting hiéu suat propen va gidm hiéu
sudt gasolin, lam ting déng thoi ca isobuten va isobutan. Thém ZSM-5 ciing lam giam luogng
metylpenten, hexan va heptan. Ting lugng céc Cs s& lam ting gid tri RVP (4p sudt hoi clia
gasolin, Reid vapor pressure). Hiéu qud cla ZSM-5 la 1am thay d&i tinh chat xic tac
cracking C; va cdc alken cao hon. Diéu d6 tat nhién kéo theo su tang thém mét lugng alkan
Cs va Cy. Cg lai 6 thé cracking ti€p thanh alken nhe hon.

Khi ZSM-5 duge phéi li¢u trong chit xiic tic cracking thi su hap phu céc alkyl thom
dé diang hon nén din dén tang hiéu sudt bezen. V6i zeolit USY, ti s6 dealkyl hod va cracking
mach nhdnh nho hon so véi ZSM-5. Ngudi ta nhan thdy ring, véi 20% ZSM-5 trong xiic tic
FCC, & nhiét d6 cao, phan ing chuyén dich hydro cyc ky chim so véi phan dng cracking,
thai gian ti€p xdc cho phan tng cracking ngan (0,1 - 0,5 sec), do dé hiéu suit propen va
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buten c6 thé dat duge dén 35% (theo thé tich).

Zeolit ZSM-5 thuc sy 14 mot chat phu trg higu qua cho xic tic FCC dé€ 1am gia tang
gid tri octan ctia gasolin vi olefin nhe, dic biét 1a propen.

* Thanh phdn hod hoc va cdu triic ciia zeolit ZSM-5

Zeolit ZSM-5 duge cac nha nghién ciu hﬁng Mobil Oil phit minh nam 1972 (US
patent 3702886). Cong thitc ho hoc clia ZSM-5 ¢6 dang:

Na, Al SiOg¢_,0,65.~16H,0 (n < 27)

Zeolit ZSM-5 thude ho vat liu pentasil, m cliu tric quéc ¢ goi 1a MFL Céc di lieu
tinh thé hoc co bin ciia ZSM-5 nhu sau:

Cau tric tinh thé co ban: octorhombic (orthorhombic) thuée nhém d6i xting Pnma,
a=20,1;b=199;c =134 A. Mang tinh thé clia ZSM-5 chita céc t dién TOy (trong d6 T
14 nguyén t6 ndm & tAm t& dién, c6 thé 1a Si hoac Al), cdc tit dién d6 lién két vai nhau thanh
don vi ciu tric thit cap SBU (secondary unit building) dang 5 canh: 5-1. Cic SBU nay lai két
n6i v6i nhau tao ra 2 hé kénh mao quén cit nhau, véi cira s6 mao quan 1a vong 10 canh. Mot
hé¢ kénh mao quan song song véi truc a ciia tinh thé co s& octorhombic, ¢6 dang ziczic véi
kich thudc clta s6 gén tron (5,4 - 5.6 A), Mot hé kénh khic, thing va song song véi true b,
¢6 dang ctra sé hinh elip (5,1x5,7 A). Hai hé kénh nay cit nhau: tao ra mét héc rong cé kich
thuée ¢ 9 A va 13 noi dinh x céc tAm axit manh dac trimg cho hoat tinh xiic tic ctia zeolit
ZSM-5 (P. Dejaitre et al, J. Catal, 63, 331, 1980). Hinh 3.9 1a phé XRD clia ZSM-5 dang bét.

20 =

L

20
Hinh 3.9. Ph8 XRD dang bot ciia ZSM-5.

Z3M-5 Ia zeolit ¢6 ham lugng oxyt silic cao, ti s6 Si0,/Al,0; c6 thé bién déi tir 20
dén 8000. Khi ham lugng Al,O; ti€n t&i khong (vat léu chia hoan toan oxyt silic) va vin
giit cdu tnic cha MFI thi vat liéu cé tén goi silicalit. Ung dung cdc k¥ thuat MAS NMR,
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XPR va hién vi dién tir, ngudi ta nhan thdy ring, nhém trong ZSM-5 phén bs khong déng
déu, dic biét trong céc tinh thé 16n (> 5 um). Bé mat tinh thé thudng gidu nhém so véi toan
thé tinh thé.

Hinh 3.10. Gidi thiéu ciu trdc cha ZSM-5.

by

{a)
Hinh 3.10. C4u tric tinh thé cha ZSM-5 (a) hé kénh mao quan (b)
s¢ d6 mang ciu tric cua ZSM-5.
¢ Tinh chat

Nhiéu tinh chit ciia zeolit ZSM-5 thay déi theo thanh phin véi ti s6 SifAl. Vi du nhu:
tinh chét trao di ion, tinh chét ky nudc va tinh chét xic tic. Cac tinh chat d6 thay déi hdu
nhv tuyén tinh v6i him lugng nhom: dung luong trao déi ion va heat tinh xic tdc tang theo
him lugng nhom, trong khi d6 tinh chét ky nwdc giam. Céc tinh chét vat 1y nhu: cfu tric
tinh thé, thé tich mao quéan, mat dé mang... khéng phu thude vao Ui s6 Si/Al.

Trong dang proton, H-ZSM-5 ¢6 cdc tdm axit Bronsted va cde tdm axit Lewis. Phé
héng ngoai (IR) cia H-ZSM-5 ¢6 mét ddm dao dong manh trong viing 3600cm™ ', dic trung
cho nhém OH dinh xtt trong ché giao nhau cda 2 hé kénh mao quan. Cé thé néi H-ZSM-5 13
xdc tdc axit manh nhét so véi cdc zeolit HY, H-mordenit... Cic ddm phé 3720 + 3740em ™!
14 ctia cdc nhém axit yéu, nhém silanol (Si-OH) trén bé miit tinh thé zeolit. Néng d6 clia céc
tam axit Bronsted manh ti 1¢ v6i néng d6 clha Al trong mang tinh thé. Tang nhiét d6 nung
ZSM-5 dén 400°C din dén qud trinh tich nhém hydroxyl (OH), lam giim cdc tam axit
Bronsted va ting cdc tdm axit Lewis. X 1§ nhiét - hoi nude gy ra qud trinh tdich nhém khoi
mang zeolit, 1am gidm néng d6 cdc tam OH axit manh. Pun néng mét hén hop dm cia ZSM-
5/Al,05 hode xir Iy nhiét - hoi nude hén hop ZSM-5/A1,0; ¢ thé lam tang hoat tinh xic tde
cracking va khi niing trao déi ion clia zeolit. Ngudi ta gia thi€t higu tng dé 1a do higu tng
tham nhap cia Al vao trong mang zeolit.

Ngoai tinh chét axit manh coa H-ZSM-3, zeolit niy cdn c¢é mot tinh chat xic tdc néi
bat: do la tinh chdt chon loc hinh dang.
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Tinh chét xic tic chon loc hinh dang 14 y€u t6 “then chét” 1Am gia tang chi s& octan
cta gasolin khi ZSM-5 duge sit dung 1am chét phu trg cho chét xic tic cracking FCC.

Tinh chét chon loc hinh dang (CLHD) xuat phét ti kha nang han ché kich thuée va
hinh dang cdc phan tir khu&ch tin vio va ra khoi kénh mao quan chia zeolit.

Tinh chdt CLHD c6 thé miéu ta cu thé hon: (a) theo chdt phdn itng, nghia 1a loai bd
cdc phén tir tham gia phan tng ¢6 kich thuée 16n hon kich thude cira s6 mao quan clia zeolit.
(b) theo sdn phdm phdn itng, nghia 1a chi nhiing phan tir san phdm phén éng duge hinh thanh
phai ¢é kich thudc nhd hon kich thuée mao quan zeolit thi méi “thoat™ (khuéch tdn) ra ngoai
tinh thé zeolit, (c) theo trang théi trung gian, nghia 12 nhitng phan ¥ng thue hién qua nhifng
trang thdi trung gian cong kénh, c6 kich thuée 16n hon kich thudc mao quén, thi khéng xay
ra, chi wu tién cho cic phan ng x4y ra qua céc trang théi trung gian kich thudc nhé.

Ngoai y€u t6 hinh hoc, do chen loc hinh dang cdn phu thudc vio céc hidu img tinh
dién tao ra tir tuong tic gifta trudng dién tich & céra s& mao quan vi moment ludng cuc cha
phén tir tham gia phén ting. Nhitng trong tde dé c6 thé thuan Igi hay ngan can su khuéch tan
cha cédc phan tir vio bén trong zeolit. B9 chon loc hinh dang cua zeolit ¢é thé thay déi nhe
cdc hiéu Ung trao déi ion, tich nhém khoéi mang tinh thé, thay déi ti s6 Si/Al hoic bat k¥
mét tdc ddng ¢6 anh hudng dén kich thude va c¢du triic hinh hoc cia mao quan.

Tinh chét chon loc hinh dang ctia zeolit thudng duge dac trung bét “chi s6 can tro”.
Chi s8 dé duge xdc dinh boi ti s6 t6c d6 cracking cha n-hexan vi 3-metylpetard. Zeolit ¢6
kich thuéc mao quan 16n nhu X, Y, B va L ¢6 chi 56 cdn tré 16m hon 1, zeolit mao quéan
trung binh nhu ZSM-5, ZSM-11 hodc ZSM-22 ¢é chi 56 cdn tro gitta 1 va 12, va cdc zeolit
mao quan nho, chi s6 dé cao hon 12. Cli s& cdn trd giam khi nhiét 46 ting.

3.2.4.2. Céac vat ligu ray phan ti (RPT) dan xuét td AIPO, SAPO, MeAPO,
MeAPSO.

Theo mot s& bing phat minh (Eur. Pat. Appl. 208,409, 1987, US Pat. 4,764,269, 1988,
US Pat. 4,734,285, 1988), vat liéu riy phan tir dang aluminophosphat va din xuit duge thém
vao chét xic tic FCC dé 1am tang chi s§ octan cia gasolin. Mic ddu cho dé€n nay, cdc xiic
tdc d6 chua duge thuong mai hod, song chiing t6i ciing trinh bay mét s6 dic di€m co ban cla
vat liéu dé.

¢ AIPOy4-n

Trong nhitng nam ddu cha thap ky 80 th€ ky truée, mot hé vat lieu RPT méi duge phat
hién boi cdc nha nghién citu clia hing Union Carbide, Wilson va céng su (8. T. Wilson et al.
J. Am. Chem. Soc. 104, 1146, 1982, US Pat. 4,310440, 1982). Ho da téng hop thinh cong
céc aluminophosphat tinh thé AIPO, c6 cdu tric mao quin nhd bing phuong phap thuy
nhiét, xuft phat tir oxyt nhém hydrat, axit phosphoric va chit tao ciu triic hitu co, nhu amin
va mudi amoni bac 4. Thanh phin hod hoc cua vat liéu 46 1a:
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xR.Al,05.1,0-1,2P,05.4H,0
trong dé, R 12 chét tao cdu trie hitu co.

Cic vat liéu RPT nay duge tao ra tir cdc ti dién AlO; va PO, n6i véi nhau thanh mét
mang tinh thé khéng gian 3 chiéu va trung hoa dién tich, cdu tric cia timg loai alumino-
phosphat tuy thu6e vao diéu kién didu ché. Trong mang céu triic khong tén tai cic lién két
Al-O-Al, P-O-P. Cic chit tao cau triic hitu co déng vai trd rat quan trong trong viéc hinh
thanh cdu tric tinh thé. Khodng 20 c4u tric AIPO, khdc nhau da duoc phdt hién, trong dé 13
cdu tric 1a vt liéu mao quan nhé. Danh phép cia céc vat liéu nay la AlIPOy-», trong d6 n
biéu thi kiéu cfu tric. Vi du, ngudi ta da biét AlIPO,-17 (c6 cdu tric erionit) hodc AlPO,-20
(cé cfu tnic sodalit).

AIPO4-5 ¢6 cliu triic gom cdc vong 4 va 6 canh, néi v6i nhau d€ tao ra cdc kénh mao
quan véi 12 canh va dudng kinh ¢& ~8 A (hinh 3.11).

ALPO g5 vers

Hinh 3.11. Cu tric cta vat liéu RPT AIPO,: (a) so d6 mang cia AIPO,-5 (b)
so d6 mang cha VPI-5.

D¢ réng cdu tric cia vat lieu RPT AIPO, bién ddi tir cic hé mao quan nhé (~3 A) dén
hé mao quan rong (~8 A): tir 0,04 dén 0,35 cm/g. Vi mang cau triic cia AIPO,-n trung hoa
di¢n tich nén ching khéng cé kha ning trao ddi ion. Tuy nhién cdc vit liéu nay tuong dai
bén nhiét va thuy nhiét. Vat lieu AIPO4-n c6 d6 axit bé mat rat nhd, do d6 bi han ché trong
ché tao chét xiic tic cracking.

o Cdc vat liéu SAPO, MeAPO, MeAPSO

Xuat phdt tir vat liéu aluminophosphat tinh thé ¢é mao quan, ngudi ta ¢6 thé diéu ché
mot ho vat ligu RPT méi ¢6 céu tric tinh thé bing cach thay the déng hinh mot s6 nguyén t6
khdc nhau vao mang AIPO,. Cic nguyén t6 thé déng hinh ¢é thé 13 cdc cation c6 hod tri 1+
dén hod tri S+. Ca Al va P déu ¢4 thé bj thay th& déng hinh, song chi Al duogc the bai cic ion
hod tri 2 vd P boi céc ion hod tri 4 thi méi tao ra cdc vat liéu ¢6 kha nang trao d6i ion va méi
tao ra do axit Bronsted ddng ké. Sau day 1a mét s6 vi d¢ minh hoa.
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Thém silic vao mang c4u tric chia hé aluminophosphat c6 thé tao ra mot vat lieu RPT
méi 1a silico aluminophosphat (SAPO). Vit liéu niy dwoc téng hgp thuy nhiét tir mét hén
hop chia oxyt nhém hydrat, axit phosphoric, sol oxyt silic va chat tao cv tric. Cau tric cia
SAPO ¢6 clung céu triic v6i AIPO, tuong ting. 13 c4u tric SAPO di duge t6ng hop, trong s6
d6 c6 mét s6 cdu tric twong tu ciu tric zeolit. SAPO & dang khan cé thanh phin 0 + 0,3R
(Si,Al,P,)O,, trong d6 R 1a chét tao cdu trie, x = 0,04 + 0,80. Tinh chat hap phu, kich thuéc
mao quan, d6 bén nhiét va thuy nhiét cla SAPO twvong tr nhu cfia AlPO,. SAPO ¢6 do ua
nudce (hydrophilic) vira phai, ¢é d6 axit tir thdp dén trung binh, tuy thuéc vao néng do cia
silic va kiéu c4u tric hinh thanh. Nhiéu vit litu SAPO ¢6 ham lugng silic cao nhung hoat
tinh xic téc vin thip hon so véi zeolit. Tuy nhién, ngudi ta nhan thay ring, vat lieu SAPO-
37 1a mét xiie tac cracking rat t6t. Ngodi ra, cdc SAPO-5, SAPO-40 ciing duoc sk dung trong
mét 56 bang phat minh ché tao xiic tdc FCC tang chi s6 octan.

Vigc thay d6i dong hinh mét s6 ion kim loai vio mang cdu tric AIPOy 6 thé tao ra
cdc aluminophosphat kim loai (MeAPO), con thay thé déng hinh mot s& ion kim loai vao
mang ciu tric SAPO hi lai tao ra vat lidu silico aluminosilicat kim loai (MeAPSO). Cic vat
litu MeAPO, MeAPSO dugc tng hop thuy nhiét tit mot hé gel hoat dong cua
aluminophosphat chifa cdc nguyén t6 thay th€ déng hinh, cdc amin hitu co hodc cic musi
amoni bic 4. Thash phin hoa hoc cia vit liéu MeAPO 13 0-0,3R(Me, Al P,)O,, trong d6 R
1a chat tao cdu tric, x = 0,01 + 0,25. Cdc tinh chét cha vat licu MeAPQ ciing tuong tr nhu
ciia vt liéu AIPO,-n ban ddu. D6 bén nhiét va thuy nhiét cia MeAPO thap hon mot it so vé6i
AIPO, va SAPO tuong ing. MeAPO dugc xem nhur la vét liéu tao ra tir su thay thé déng hinh
cua céc kim loai hod tri 2 hodc 3 cho Al dé tao ra mdt mang chia dién tich am (khi the véi
Me?*) hosc mang trung hoa dién (khi thé v6i Me®"). Dien tich 4m bé mat ciia vat lieu
MeAPO tao ra tinh chét trao déi ion v do d6 ¢6 thé tao ra cac tam axit Bronsted.

Nam 1988, Davis va cong sur (Davis et al, Nature 331(6158), 698, 1988) di tim ra mét
loai vit liée RPT AIPO, c6 cira 56 mao quin Ia vong 12 canh, dudmg kinh 12 + 13 A. DS 13 -
clra s6 c6 dudmg kinh 16n hon bt k¥ mot loai cira s6 ndo khic clia cdc zeolit hién c6. Ciu
tric méi d6 duge dit tén 1a VPI-5 (xem hinh 3.11b). Néu vat liéu ndy c¢6 dé bén nhiét va
thuy nhiét t6t thi né cling s& c6 vai trd rilt quan trong trong ché tao xtc tic FCC.

3.2.4.3. C&c loai vat liéu khac

Trong vai thap ky vira qua va hién nay, cdc nha khoa hoc dang hét siic quan tam
nghién ciru ché tao cdc vat liéu RPT c6 kich thude mao quén 16n hon kich thuée mao quan
cba zeolit Y (~7,4 A), ¢6 d6 bén nhiét va thuy nhiét 16t va c6 do axit bé mat cao dé xic tc
cho qué trinh chuyén hoa cic hydrocacbon trong phdn ddu can, nghia la d€ tan dung t6i da
nguén ddu mo hién cé.

Ngudi ta da ding zeolit mordenit hodc mordenit cing véi zeolit USY d€ gia ting chi
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s6 octan cila gasolin. Ngoai ZSM-5, ngudi ta con ding cic zeolit khic ZSM-11, ZSM-22,
Z5M-35, ZSM-38, B, offrerit... d€ 1am ch4t phu trg xic tic cho chat xic tic FCC.

Dic biét gin day nhat, mot s6 cong b8 cha S. Kaliaguine va D& Trong On (Trong On
D., S. Kaliaguine et al, Appl. Catal A: General, 222, 299-357, 2001; Do Trong - On,
Research signport 37/661 Fort P.O, Trivanchum - 695023 Khala, India, 2003) di 6ng hop
cdc vit liéu mao quan trung binh ma thanh mao quan duge “tinh thé hoa” dé gia ting d6 bén
nhiét, thuy nhiét va 46 axit ciia vt liéu. Mét trong nhitng y dé cda céc tic gi do 1a ché tao
cdc chét xiic tic cracking cho cdc hydrocacbon phan tir 16n.

Mic di ¢6 rdt nhi€u ¥ tudng vé thir nghiém ch€ tao chét xic tic cracking vdi céic
zeolit phu trg khic nhau va cdc vét liéu RPT mdi. Song cho téi nay, vin chua c6 mét hé xiic
tdc nao dwoc thuong mai hod va ndi tr6i hon hé xiic tdc ZSM-5/Y/pha nén dang duge s
dung & quy mo cong nghiép cho cic qud trinh cracking tao ra gasolin ¢6 chi s& octan cao va
nhiéu olefin nhe.

Tom lai, do yéu cdu ndng cao chdt litong cia gasolin va mot s& sdn phdm cracking
khdc, ngudi ta thuong bé sung mot s6 chdt phu trg xic téc vao chét xiic téc FCC.

Hién nay, zeolit ZSM-5 la mét chdt phu tro xiic tdc ¢6 hiéu qud nhdt cho zeolit Y trong
chdt xiic tdc FCC thuong mai. Cdc chdt phu trg khdc nhe mordenit, VPI-5, zeolit B va mét
56 hé vt liéu mao qudn trung binh khdc dang la muc tiéu nghién citu dé ché 1ao ra cdc chdt
xiic tdc FCC moi nham tén dung t6i da ngudn ddu md va ndng cao chdt long sdn phdm
cracking.

3.3. Ché tao chit xic tac FCC

C6 rét nhi¢u phuong phap ch€ tao chit xic tic FCC da duge cong b6 trong rt nhiéu
bing sing ché€ phdt minh. Trong muc ndy, ching ta chi xem xét mdt s6 phuong phép thuong
hay duge cdc nha san xudt xic téc st dung nhit.

3.3.1. Phén loai cdc phuong phdp sdn xuét chét xdc tdc FCC

Chat xiic tdc FCC ¢6 thé duge san xu4t theo hai phuong phap chinh:
i. Cdc zeolit dugc téng hop trude, sau d6 mai phéi trén vio chét nén.
1. Zeolit duge hinh thanh (két tinh) trong pha nén khodng sét tit nhién.

Phuong phép thit nhat hiu nhu duge tdt cd cdc nha san xudt chat xic téc FCC sir dung.
V6i phwong phdp nay cé hai diéu khac biét:

- Zeolit dugc trao déi ion v6i cac cation cén thiét, sau d6 méi phéi trén vio chét nén ().
- Zeolit duge trao d6i ion sau khi phéi trén v&i pha nén (I1).

San xuft chét xic tic FCC theo cdch (I) thudng gbm cic budc: (a) téng hop, trao déi
ion va bi€n tinh cdu tric zeolit, (b) phdi tron zeolit v6i pha nén va (c) sdy phun hén hop xiic
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tdc (zeolit + pha nén); theo céch (II), zeolit sau khi téng hgp duge tron vao pha nén va sdy
phun, ti€p dén tién hinh trao déi ion.

3.3.2. Ché'tao cdc zeolit
3.3.2.1. Zeolit Y

Hinh 3.12 gi6i thiéu mot so dé két tinh, trao déi ion va bién tinh ciu tric cla zeolit Y.

Silicat natri Aluminosilicat NaQH Mam NaY
Y v ) ¥
Trdn
Gel
aluminosilicat
natri
Két tinh
NaY va nudc &t
{A) Loc
{B) Rira vdi nudc
Zeolit NaY
Y
Trao d6i RE y Trao @i NH, Trao ddi NH,
RE, NaY NH NaY NH,NaY
Nung ~546°C
RE, NaY nung Na-USY AFSY
(A Trao dGiNHy ) 110 561 RE -
e vl A) Trao ddi NH
v (B} Rira véi nudc (B) Rua vdi nuo (A} 4 ¥

(B} Rira v&i nudc

RE, NH,Y (A) X 1] véi axit

{B) Trao! ddi RE
(C) Rlra | vdi nudc
RE-USY NH,-USY

RE-USY

RE-AFSY

Hinh 3.12. So d8 két tinh, trao déi ion va bién tinh ciu tric zeolit Y
(RE: cation nguyén t6 dédt hi€ém).

Zeolit Y thudng duge diéu ché & dang NaY tir ngudn silic (chlt y&u 12 silicat natri),
nguén nhém (aluminat natri) va hydroxyt natri. Mot s6 chét “mim” dé khoi mao cho qué
trinh két tinh NaY cling dugc thém viao hén hgp gel téng hop zeolit. Su két tinh thudng dugc
tién hanh trong mot thiét bi két tinh 16n, kéo dai tir 8 gity cho dén vai ngay, tuy thudc vao
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nguﬁn nguyén liéu ban ddu, diéu kién két tinh, do tinh thé cda zeolit va thanh phén hod hoc
cita zeolit san pham.

Zeolit sau khi ket tinh duge tich ra khéi pha long bing cic may loc ly tam va rita
bing nude. NaY cé chit luong 6t phai ¢6 ti s6 Si0,/Al,0; > 5, bé mat riéng khoing

800m? /g, d6 tinh thé cao (so véi zeolit chudn). Tap chét khéng dang k€ (phat hién bing
XRD), kich thuée hat ¢& | + Sum.

3.3.2.2. Trao ddi ion

NaY sau khi téng hop duge trao déi ion véi cdc cation d4t hiém (RE) hoac/va véi
NH," d€ chuyén zeolit NaY vé dang hoat déng va bén thuy nhiét.

Sy trao déi ion dugc thyc hién trong mét thing trao d8i ion hoac trong mot may loc
vat ngang. Trong thing, zeolit dugc ngam véi dung dich chita ion trao déi & nhiét do, pH,
néng do, thoi gian... quy dinh. Sau dd, zeolit di trao d8i ion duoc loc va rira biang nudc.
Trong mdy loc, zeolit duge cho vao céc ngin loc véi dung dich trac d8i ion sau dé dugce ray
khé va rira nudc.

Cac mudi dit hiém ding cho trao déi ion thudng duge sir dung & dang clorua cita hai
loai quiing ty nhién 14 bastnasit vd monazit. Cdc dat hi€m tu nhién thudng gdm xeri, lantan,
neodym va paraseodym va mét lugng it hon clia samari, gadolini... (bang 3.5)

Bang 3.5. Thanh phan ciia quing dét hiém

bat hiém Nomazlt (%) Bastnactic (%)

Xeri 45 50
Lantan ) 24 33
Neodym 17 12
Paraseodym 6 4

Samari 3 0,5
Gadolini 2 0,2
Khac 2 0,3

Dé sdn xudt chét xtic tdc FCC, nhiéu nha sin xufit thudng tach bét xeri. Su trao déi ion
duge thye hi¢n trong dung dich axit voi pH = 3,5 + 5,0 dé trinh su két tda cla cic ion dit
hi€m trong qua trinh trao d6i va dé han ché sy oxy hod Ce** thanh Ce*.

Sau khi trao d6i vdi cdc ion d4t hiém, zeolit Y vin ¢dn chiia 3 + 6% Na,O. D€ loai bod
hét cdc ion natri con lai, zeolit lai duge sfy nhanh, nung tir 425 + 760°C trong 1o quay va sau
d6 lai trao d6i véi dung dich sulfat amoni. Khi muén diéu ch€ zeolit Y ¢ miic do trao déi
ion cao véi cic ion d4t hi€m, ngudi ta cé thé trao ddi ion 2 14n véi dung dich d4t hiém, sau
méi l4n trao déi, zeolit duge sdy, nung & nhiét do cao, dé cic ion dat hiém c6 thé tham nhip
viio cdc vi trf khé trao déi Sy, S.. Zeolit & dang RE-NH,Y ¢6 thé duge diéu ché bang cdch
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trao ddi déng thdi v6i dung dich chita ion NH,* va d4t hiém.

Dang cudi cling clia zeolit da trao d8i (RE-NH,Y) chita khoang 16% oxyt dat hiém, it
hon 1% NayO (dang kho). Trong thuc 1€, ham lugng d4t hi€m trong xiic tic FCC bién déi
tuy theo yéu cdu sdn xudt, vi ham lugng d4t hi€m tic déng dén hoat tinh, d6 chon loc xiic
tic, d¢ bén ciing nhu chi s6 octan cha gasolin. Sau khi nung, dang RE-NH,Y chuyén thanh
dang RE-HY.

3.3.2.3. Bién tinh c4u truc cla zeolit Y

Trong sdn xudt chdt xic tic FCC, zeolit Y thudng dugc sir dung & dang siéu bén
(ultrastable} USY. Zeolit USY duogc diéu ché€ bing cdc phirong phdp nhu d3 trinh bay & muc
3.2.2.0.

» Zeolit USY

Dé diéu ché zeolit USY, NaY duge trao d6i amoni dé gidm ham lrogng natri dén 3
hodc 4% Na,O. Zeolit dugc trao d6i mét phdn véi NH,* sau d6 dwoc nung & nhiét do cao
(~760°C) véi hoi nuée dé 8n dinh ciu tric zeolit va giam bét lugng natri con lai. Trong san
xudlt cong nghiép, zeolit duge nung trong cdc 16 quay. Sy trao déi ion véi NH," duoc thue
hién ti€p tuc cho dén khi ham lugng natri trong zeolit dat dén mic thdp hon 1% Na,0 va cé
kich thudc 6 mang tinh thé co s& khoang 24,55 + 0,02 A. Ti s6 Si0,/Al,0; cao, kich thude
tinh th€ co s& thip va ham lugng natri nhé 12 cdc tiéu chudn co ban trong viéc didu ché xiic
tdc FCC gia tang gi4 tri octan.

Dé diéu ch€ zeolit Y ¢6 hoat tinh xdc tdc cao hon, ngudi ta thudng trao déi véi dat
hi€m, cu thé 14, véi dung dich cdc musi clorua dat hi€m. Ham lugng dat hiém dua vao zeolit
tuy thudc viio méi quan hé giita hoat tinh, d6 chon loc gasolin va su bi&n d6i chi s& octan.

® Xir Iy zeolit USY bdng axit

Zeolit USY dugc xir 1§ axit nhim tich Al ngoai mang va cédc ion natri con lai. Viéc xir
1y ¢6 thé duge thuc hién bing mot dung dich axit hoic bing mét chét (nhua) trao ddi dang
H". Diéu kién xir 1y dugce lua chon (néng do axit, nhiét do, thdi gian x{r 1y...) dé dat dén mot
ham luong thép clia Al ngoai mang. Théng thudng, ngudi ta X 1y axit d€ tao ra moét zeolit
c6 ti 56 8i0,/A1,04: 6,5 + 12 ing v6i hoat tinh xic téc t6t nhét, ham lugng natri giam xudng
khoang 0,1% Na,O. USY sau khi dugc xit Iy axit ¢é thé duge trao déi véi cdc cation dit
hiém d€ tang hoat tinh xiic tic.

e Zeolit AFSY

D6 1a zeolit Y duge xur ly (NH,);SiF thudng duge ky hiéu 1a AFSY. Zeolit nay duge
ch€ tao bdi hang Union Carbide (Union Carbide Company) va duoc hing Katalistiks Company
st dung d€ 1am chat xic tdc FCC duéi nhin hiéu thuong mai 13 LZ-210. AFSY duge diéu
ché bing cich xir 1y zeolit Y v6i dung dich (NH,),SiFg & pH xdc dinh. Vi qud trinh tdch
nhom khodi mang luéi nhanh hon qué trinh silic 14p ddy “16 tréng” trong mang, nén do tinh
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thé ciia zeolit giam. Sy suy gidm do tinh thé ciia zeolit c6 thé han ché & miic t&i thidu bang
cdch khéng ché€ chat che diéu kién thuc hién phan tng. Bing céich ting pH phan tng (trong
khoadng 3 + 7) va gidm ndng d6 (NH,),SiF, t6c d6 tich nhém cé thé giam. Tang nhiét do
phin ¢ng 1am ting t6¢ 14p ddy “16 uéng” mang bing silic.

Hop chat (NH,);AlF, dugc tao ra va phai logi khéi zeolit bing cdch rita nude mot cach
cén thin. Bdi vi hop chat d6 rat ¢6 hai cho d¢ bén nhiét chia zeolit. Ti s& Si0,/Al,0; c6 thé
dat dugc 6 + 15, tuy thudc vao diéu kién xir Iy. Zeolit AFSY, sau d6, ¢6 thé trao déi véi cdc
cation thich hgp, thudmg 1a cdc cation d4t hi€m.

Gid thanh ché tao AFSY cao hon zeolit binh thuong.

e Zeolit phu tro (Z5M-5)

ZSM-5 la zeolit dong vai trd chit phu tro cho chét xdc tdic FCC dé lam gia ting chi s6
octan cua gasolin. ZSM-5 dugc dua vao chét nén cha chit xic tc trude khi duoc trén déu va
sdy phun. ZSM-5 thuong duoc sir dung & dang trao déi véi NH,*, déi khi ciing & dang Zn-
ZSM-3, Cd-ZSM-5...

Ngudi ta c6 thé st dung ZSM-5 & dang mot chéit phy trg riéng r&. Trong trudmg hop
nay, ZSM-5 dugc tron véi mét chit két dinh tro rdi sdy phun. Vi du, mét chat phu trg xic
tic ZSM-5 thuong mai dugce diéu ch€ véi 25% ZSM-5 trong chit két dinh tro, ¢6é cdc tinh
chiit vat 1y sau day: kich thude hat = 74 um, chi s6 mai mon Davison = 5, bé mat riéng =
100 mzlg, thé tich mao quan = 0,41 ml/g (Intercat, Technical data sheet for z-cat, 1988).

o Xiic tdc chita hén hop zeolit

Ngoai cdc zeolit Y ¢6 ham lugng silic cao (viét tit 1a HSY), con ¢é mot s& xiic tc
FCC gia tang chi s6 octan dugc ché€ tao v&i mot hén hop gém 2 hoac nhidu zeotit, vi du nhu
RE, HY + USY; RE, HY + RE-USY; RE, HY + USY xit I¥ axit. Ngoai zeolit Y, chit xic tdc
con chifa zeolit ZSM-5, mordenit vd mét s6 zeolit mao quan trung binh v mao quan nhd
khic. Bing cich d6, cdc nha sdn xuft c6 thé d& dang didu chinh thanh phin clia xdc tée sao
cho phil hop v6i yéu ciu cba chét luong sin phdm dé ra. Vi du, khi muc dich tang chi s6
octan 13 chi y€u thi zeolit USY I hop phdn chinh cia chét xitc tic. Khi cén ting gid tri
octan-barrel, ham lugng cua zeolit RE, HY hoac HSY trao d6i RE 14 chii y&u. Tuy nhién vi
cdc zeolit ¢6 mitc d¢ suy gidm hoat tinh khdc nhau do dé ngudi ta cin phai luu y dén sy bién
déi hoat tinh va dé chon loc xic téc clia cha cdc chit xde tic nay trong khi sir dung.

3.3.3. Chat nén va quy trinh ché tao chéat xtc tdc FCC

Hau hét cdc chit nén dé sdn xust chat xiic tac FCC déu §a cdc oxyt vo co téng hop
(chi y€u la oxyt nhém) va cdc hop phdn tu nhién - khodng sét. Zeolit dwoc phan tan t6t
trong cdc hgp phin cia pha nén roi dugc sdy phun. Mét so dé san xudt chdt xie tic FCC
duoc gidi thiéu & hinh 3.13.
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natr NaoH NH, 150,
Silical
natn Sy phun
Tran déi wn T4 Ahad 1raa 86, HO
Krodog 36 B
r:,o [ !—-I Wiy ke }--——-{M.ay sy nhanti
H *uc lac
84'02 FCE ban NH_NaY E;hé:;gnu g,
thanh phdm b ean

¥ic w\c FCC

Hinh 3.13. So d6 san xut chét xiic tdc FCC:
zeolit USY dugc trao déi ion sau khi phéi tron véi chét nén.
C6 rdt nhiéu s6 liéu vé thanh phdn cia chit nén cla xdc tic FCC. Sau day 1a mot vai
vi du minh hoa.
3.3.3.1. Chat xuc tac vSi chat nén hoat tinh thép
o Chdt nén ur sol $i0,

Axit Silicat natri

L—+‘—J

Sol nubs cha Si0,,

pH 3.0
Khoang sét
Trén
h J
H3n hop udt
NaY o

} Si0,choang sét
hodc Na-HSY

Trén
l h

'
H3n hop zeol
khoang sétSiO.
(=40% vat lidu rén)

Say phun
k4

Xuc téc
ban thanh phdm

Trac d8i ion
Rdira nutde

Xuc tac Lt

54y nhanh

h

Xoc tace FCC

Hink 3.14. So d6 san xuft chat xic tac FCC véi chit nén

12 sol-nudc cua oxyt silic (silicasol).

Mot sol-nugc (hydrosol) cta oxyt silic duge diéu ché bing cich axit ho4 dung dich
silicat natri dé€n pH ~ 3,0. Zeolit va khodng sét & dang hat min (NaY, HSY) dugc cho vao
hydrosol va khudy tron. Sau khi sdy phun, san phdm duge duge trao déi ion véi NH,* hoac
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ion ddt hi€m dé tich bo ion natri, chuyén zeolit vé dang hoat dong xuc tdc. sau dé, tién hanh
ria, loc vi sdy kho vat 1iéu nhén duge. Quy trinh diéu ché dugc mo ta nhu trén hinh 3.14.

Thanh phan chia zeolit - d4t hi€m va chit nén gém SiO, v6 dinh hinh va khodng sét.
Chit xic tdc nay cé gid thanh khéng cao, ¢é d6 mai mon t6t, nhung chat nén cé mao quan
nhé va bé mat rieng thap, va do dé khong tdc déng ding k€ dén hoat tinh xiic tic cracking.

e Chdt nén khodng sét
Ngudi ta ¢ thé diéu ché chét xic tdc FCC véi chat nén khodng sét theo so dé sau (hinh
3.15): (1) sét kaolinit min dang hydrat duge nung & khoang 1000°C, khi d6 sét chuyén thanh
dang spinel, (i1) sét da nung duoc hod véi mubi va mot it sét kaolinit hydrat, silicat natri va
“mdm” zeolit. (iii) Hon hop uét d6 duge sdy va céc hat vi cdu duge nung & 732°C dé chuyén
kaolinit hydrat thanh metakaolinit. Hai dang sét di nung (spinel va metakaolinit) lién két véi
nhau trong hat vi cdu bdi chét két dinh silicat natri. (iv) Céc hat vi cfu sau khi nung duoc
zeolit hod v6i dung dich silicat natri va xit & 90 + 95°C khoang 20 h, trong qud trinh d6 cé
sy hinh thanh zeolit bén trong cic hat vat liéu vi ciu. (v) Cic hat vi cdu dugce zeolit hod mét
phén lai duge trao ddi ion véi cdc cation cdn thiét.

Kag fanh

J

L& nung. T-1000°

Silicat natri
‘ |: Mam zeolit

Kao lanh

:

My trén
3
Sdy phun
Vi hat
H0 Lé nung, ~732C®
Silicat natri 3** ! Vi hat 3 nung
MaOH Y
kat linh,
~95C2, 10-24h -
H,0 nia ﬁ ¥ Vi hat zeolit hoa
Loc
RE> vaf
hoaa NH.- —j ! V1 hat 4 rifa
Trao 4di ion
Vi hat trao 38
¥ RENH,
S4y kho nhanh
Phu gia
3 ‘
Xoc tae FCC

Hinh 3.15. So d6 san xudt chit xic tdc FCC theo quy trinh két tinh zeolit tai ché (in situ).
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Zeolit ket tinh trong hat vi clu c6 thé duoc bién tinh c4u triic béing cdc xir ly nhiét -
hoi nuGe. Muén the, ngudi ta ti€n hanh trao ddi ion céc hat vi cdu véi NH,’, sau dé nung
duséi hoi dm. Sy 6n dinh c4u tric ciing cé thé thyc hién bing céch nung céc hat vi cdu trong
hén hop hoi nuée va amaniac. M6t s6 ion Al ¢6 thé bi tich ra ngoai mang zeolit va duge
“rira” sach khoi bé mat zeolit bang cdch xit 1y axit. Chat nén bing dat sét nung khéng ¢é anh
huéng déng ké dén gid tri octan clia xiing.

Mot s6 khodng sét duge xir 1y hod hoc, xit 1y nhiét (hoic khéng xir 1y nhiét) ciing duge
sit dung 1am chit nén d€ diéu ch€ chét xic téc. Vi dy, kaolin nung & nhiét d6 cao, xit 1y bing
ki¢m (xdt) duge ding lam chit nén cho xic téc chifa zeolit.

3.3.3.2. Chét xtc tac vdi chat nén hoat tinh
o Chat nén tir sol oxyt nhém

Ché tao mot chit xidc tdc v6i chit nén tir sol oxyt nhém va mot it oxyt silic vo dinh
hinh duge thye hién nhu & so d6 hinh 3.16. Cdu tir hoat dong cia chét nén 12 oxyt nhém vé
dinh hinh, mic ddu cé mét it aluminosilicat v6 dinh hinh duoc tao thanh.

Sét ut Nhom )

RE, HY; HSY

Siicasol | ZeoIiUNhémlSét—‘

% Trdn
A

| ZeoliySeusSiQ-ALD, |

Say khé
¥
Xiic tac FCC \

Hinh 3.16. So d6 san xuit chat xiic tdic FCC véi chit nén 12 sol aluminosilicat.

Zeolit dugc trao d6i ion va bién tinh trude khi phéi trén v6i chat nén. Oxyt nhém dang
pxodobomit duge peptit hod véi axit, sau d6 trén véi khodng sét va zeolit Y di chudn bj sén.
Mot lugng nho sol oxyt silic hodc axit polysilic duge thém vao dé cai thién tinh chat két
dinh cta chédt nén. San phdm dwgc sdy phun, cé hoat tinh xic tic t6t, chdt nén cé bé mit
riéng cao. Chat xiic tdc nay kh4 hiéu qui cho cracking ddu can cho chi s6 octan cao.
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Chit xiic tic FCC véi chdt nén chi yé€u 1a oxyt nhém ciing ¢é thé duge diéu ché tir
clohydrol nhém (clohydroxyt nhém & dang polyme). Mic ddu 12 mét chét két dinh t6t, chat
nén dé cé bé mat riéng thip va hoat tinh xiic tic khéng cao so véi chét nén tir pxodobomit.

Pxsodobomit cling duge sir dung két hgp vdi aluminosilicat vé dinh hinh dé ché tao
chit nén cho xic tic chia zeolit.

o Chdt nén ar aluminosilicar vé dinh hinh

Ch4t nén cé thé duge diéu ché tir aluminosilicat vo dinh hinh. Loai chit nén niy thay
d6i ding ké hoat tinh xuc tdc va gid tri octan ciia gasolin. Chit khéi ddu cho aluminosilicat
v6 dinh hinh 1A aluminosilicagel hodc hydrosol cua oxyt nhém va oxyt silic. Aluminosilicat
& dang gel wét c6 thé duge diéu ché€ nhu trong muc 3.2.2. Chit xdc tdic FCC dugc ché tao véi
chét nén aluminosilicat duge mo ta nhu & cdc so d6 hinh 3.12 - 3.16.

Nguén oxyt silic ¢6 thé la sol oxyt silic hodc dung dich silicat natri duge trung hod vdéi
axit, nguén oxyt nhém la cde hop chat nhém nhu sulfat nhém, aluminat natri hoac oxyt
nhém dang hydrat hoi. Nuée "6t" nhin duge sau khi két tinh zeolit Y ¢é thé duge dung 1am
ngudn silic. Bang cdch thay d8i néng d6 cla cdc tdc nhan phan ing, pH cia hén hop uot ché
tao xuc tac, thdi gian va nhiét d6 tao gel, thdi gian vi nhiét do 1am gid gel, ngudi ta c6 thé
diéu chinh duge cdu triic mao quan cla cdc pha nén. Zeolit duge thém vio hén hop uét tao
chét xic tic sau khi gel dd dugc hinh thanh. Vat liéu d3 sfy phun duge trao d6i ion va rira
bing nudc dé loai bd cécion natri va cdc mudi con lai. Sdn phdm duge rira, siy & nhiét do
200 = 260°C trong thiét bi sdy quay (sdy nhanh).

Chét xide tdc véi chit nén tit hydrosol aluminosilicat cé thé duge diéu ché theo so dé
hinh 3.14, nhung axit thém vao dung dich silicat dugc thay biang dung dich ciia mot mudi
nhom.

o Mot 56 chdt nén khdc

Cho dén nay, céc chdt nén dwge trinh bay & trén déu chita oxyt silic vi/hodc oxyt
nhom ciing véi khodng sét. Mot s6 chit nén khic chira cdc oxyt, thudmg gém 2 hodc 3 oxyt
hén hop. Tuy nhién, ching chua ¢é gid tri throng mai, chi trir ch4t nén tir magnesiosilicat.

3.4.4. So sdnh cdc quy trinh san xudt xdc tdc khdc nhau

Méi mot quy trinh sdn xuat chit xic tdc & trén cé nhilng vu diém va nhuge diém nhat
dinh.
| Phurong phap két tinh zeolit riéng ré khéng c¢6 mit ciia chat nén ¢ nhitng wu di€m sau
day:

- D& dang diéu chinh thanh phén chit xiic tdc: vi ngudi ta c6 thé phéi tron zeolit véi
céc chét nén khic nhau, ciing nhy cé thé phéi tron cdc zeolit khdc nhau vao trong mot chét
xuc tac.
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- Khéng ché t6t hon qu4 trinh két tinh zeolit.

- Sy bién tinh zeolit (xir Iy nhiét hoac xir Iy hod hoc) khéng 4nh hudng dén chét nén.

Tuy nhién phuong phdp nay han ché€ luong zeolit trong hat xiic tdc FCC vi khi ham
luong zeolit dat dén 40 + 50% thi hat xic tac ¢6 d6 bén mai mon kém.

Un di€m ciia phuong phép keét tinh zeolit tai chd (in situ) 14 d6 mai mon coa hat xiic
tic rit cao, tham chi v6i ham luong zeolit cao. Ngoi ra phuong phip nay khoéng cin céng
doan phéi tron zeolit vao chat nén. Tuy nhién, nhuge diém chia phuong phip Ia khong thé
diéu chinh thanh phdn va tinh chat clia pha nén, khéng thé két hop duge nhiéu zeolit trong
pha nén, viéc bién tinh zeolit s& bi han ch€ vi anh huéng dén pha nén. Phuong phdp nay ciing
ddi hdi nhiéu nang lwong hon vi phii nung hat xiic tdc & nhiét d6 cao.

Gén diy, ngudi ta khic phuc nhuge diém trén bing cdch pha tron céc hat xtic tic cé
thanh phén va tinh chat khic nhau: cdc hat xiic tic duge diéu ché bang phuong phdp két tinh
zeolit “tai chd” (c6 ham lugng zeolit cao) véi mot s& hat xic tdc chita céc chét nén, cic chit
phu trg khdc nhau nhu AlL,O,, ZSM-5,... Su pha trén co hoc cdc hat xiic téc d6 tao ra mot sy
linh hoat cédn thiét cho viéc san xuft xtc tic.

Nhu vay, dé sdn xudt mot chdt xiic téc FCC, nguoi ta cdn cé cdc hop phdn: zeolit ¥
(thuong la dang HSY), chdt nén, chdt két dinh va mét s chdt phu tro hoat tinh. Cdc hop
phdn dé c6 thé dugc diéu ché, bién tinh riéng ré theo muc dich dy dinh, sau dé phéi trén véi
nhau dé'tgo ra hat xic téc c6 do bén co hoc, do bén nhiér va thuy nhiét, cé hoat tinh xic tdc
cdn thiét (phuong phdp 16 hop). Hodc zeolit ¥ dugc két tinh tt pha nén va cde hop chdt c6
frong pha nén cua hat xic tdc (phiwong phdp két tinh “tai ché”)

Hdu hét cdc xiic tdc thuong mai duge sdn xudt theo phitong phdp 16 hop vi dé tao ra
cdc chdt xiic tdc mong mudn. Phuong phdp két tinh “tai ché” tao ra cdéc hat xiic tdc rdt bén
co hoc, chiu madi mon 161, tuy nhién tinh chdt hod 1y cda chat xiic téc lai khong dé dang didu
chinh.

3.4. Cac tinh chit vat Iy quan trong cla chat xuc tac FCC

Nhing tinh chat vat 1y quan trong clia chit xiic tic FCC 1a d6 bén nhiét va thuy nhiét,
bé mat riéng, khSi luong riéng, do tinh thé (theo XRD).

Céc tinh chdt nhu bé miat rieng, phan b6 kich thuSc mao quin, do tinh thé, d6 bén
nhiét va thuy nhiét anh hudng dén tinh chét xdc tdc cha vat liéu. M6t s& tinh chat khac nhu
d6 bén mai mon, phan bé kich thude hat va khéi luong tic dong triuc tiép dén tinh chét co
hoc cua chat xic tic FCC.

3.4.1. b6 bén mai moén

D6 1a mot tinh chét rdt quan trong vi: (a) d6 bén mai mon quyét dinh ti 1é b sung xiic
tdc mdi va xic tic dang hoat dong, do d6, anh hudng dé&n tinh kinh t€ ciia cong nghé; (b)
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mic d6 anh hudng dén méi trudng: vi xiic téc ¢é d6 mai mon kém c6 thé bi phd v va thai
mét luong bui déng ké vao moi trudmg, (c) 4nh hudng dén tinh chdt linh déng cla chat xiic
tac trong thi€t bi vi sy phan bg kich thuée khong hop 1y.

Ham lugng zeolit, ciing nhwr kiéu va ham lugng cita chat nén tic déng truc ti€p dén do
bén mai mdn cia chat xiic tdic FCC. Néi chung, ting ham luong zeolit din dén gidm do bén
mai mon. Piéu d6 thé hién rdt rd khi ham lugng zeolit dat dén gia tri t61 han ~35% (zeolit),
khi chét xiic tdc FCC duge san xudt theo phwong phdp t8 hop (xem muc 3.3). D€ san xuit
chét xic tdc FCC gia tang gid tri octan, ngudi ta thudng cin ham lugng cao cha zeolit HSY,
song d¢ bén mai mon lai han ché ham lugng zeolit trong hat xiic tic. Bing phuong phép két
tinh “tai ch®” ngudi ta ¢6 thé san xuét chat xiic tdc FCC véi ham lugng zeolit dat dén 70%.

Kich thudc tinh the zeolit nhé va do phan tdn cao cha zeolit trong pha nén tao ra d6
bén mai mon t6t cho hat xiic tic. Hinh thé hoc cuia cdc tinh thé zeolit ciing c6 thé anh hudng
dén doé bén mai mon. Vi du, ngudi ta cé thé thay thé cdc tinh thé zeolit Y dang tdm mat
thong thudng bing cic tinh thé zeolit Y dang dia det (két tinh khi cé mat ion K*) dé gia tang
dd mai mdn cia hat xlic tic (G. Edwards et al. US. Pat. No 4,175,059, 1979).

Ching loai va lugng chdt két dinh ciing nhu phuong phép phéi tron chat két dinh vao
chdt xiic téc ciing ¢6 anh hudng ding ké dén d6 bén mai mdn. N6i chung, ting luong chat
két dinh trong hat xiic tic lam tang d6 bén mai mon. Tuy nhién, diéu d6 con pha thude vio
gid thanh hodc vao cdc tinh chat vat 1y va xiic téc khdc cha san phdm. Oxytsilic, oxyt nthom
v6 dinh hinh va aluminosilicagel thudng 12 cdc chdt két dinh théng dung ciia chat xic tic
FCC. Cén luu ¥ ring, chat khoi ddu (precursor) va phuong phap ph6i trén chit két dinh cling
rdt ¢é anh hudng dén dé mai mon. Vi du, oxyt nhom 1a chét két dinh hiéu qua hon khi chat
khoi ddu 1a pxodobomit dwge peptit hod so véi pxodobomit khéng cé kha ning peptit hod.
Cdc loai oxyt nhém khdc (vi du, bayerit, hodc gibbsit) déu khéng hiéu qud bing
pxodobomit.

Chiing loai va hinh thé hoc cia khodng sét diung d€ tao dang hat xiic tdc cling anh
huémg dén d6 bén mai mon. Kaolin dang hinh dia det tang sitc bén cho hat xiic tdc, dic biét
khi khodng sét & dang hat min. Xir Iy nhiét vi thuy nhiét trong qué trinh diéu ché& chét xic
tdc ciing cai thién dé mai mon.

Do bén mai mon lién hé mat thiét véi cde tinh chit vat 1y cla chét xiic tde. Vi du, chit
xtc tic ¢ khéi lugng riéng thép va thé tich mao quin cao thudmg khéng di cing va cé do
bén mai mon thap.

Céc diéu kién sdy phun ciing anh hudng dén d6 bén mai mon cila san phdm. Vi du,
nhiét do ddu ra cia thiét bi s&y phun cao va néng d6 hdn hgp 6 cé tic dung tét tang d6 bén
mai mon. Trong mét vai trudng hop, néng d6 cia hén hop duge ting cudng bing céch sir
dung cdc chdt phy gia gidm d6 nhdét, nén 1am tiang lugng pha rin trong vat lidu sy phun va
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do d6 tao ra mot chdt xiic tdc ¢6 d6 bén mai mon cuc ky t6t.
D6 bén mii mon ciia hat xic tdc duge dic trung dinh lugng boi chi s6 mai mon, duge

xdc dinh bang mét trong cdc phuong phdp do cdc nha san xust dé nghi. Mot trong céc
phuong phdp tiéu chuin 13 ASTM D4058.

3.4.2. Thé tich mao qudn va su phén b6 kich thut.i’c'r:nao quan

Thé tich mao quin va su phan b6 kich thuéc mao quan phu thudée vao thinh’ phén,
phuong phdp di¢u ch€ va su x(r 1y nhiét va thuy nhiét chat xiic téc. Dubinin (M. M. Dubinin,
Chem. Rev., 60, 235, 1960) di dé nghi phan loai cdc vat liéu mao quan theo. kich thuée
trung binh ¢ ctta mao quan: vat liéu mao quin nhé (¢ < 20 A), vit liéu mao quéh trung binh
(¢ = 20 + 200 A) va vat liéu mao quéan lén (¢ > 200 A). Dya vao tiéu chudn phan loai dé,
zeolit Y chi chifa cic mao quan nhé (¢ = 8 A), trong khi d6 zeolit USY ¢6 cd 2 loai mao
qudn va déng vai trd quyét dinh tao ra thé tich mao quan va su phan b6 kich thude mao quan
cta chdt xiic téc. Vi du, cdc chat xiic tic dwoc diéu ché bing phuong phip bién tinh “tai
chd” tir khodng sét xir Iy nhiét c6 thé tich mao quéan thap (nhé hom 0,2 ml/g trong ving kich
thude mao quin tir 35 + 20.000 A). Céc xic tdc duge san xudt bing phuong phdp t8 hop cé
thé tich mao quan rong hon. Céc xic tic diéu ché theo phuong phép nay ¢é khoidng bién déi
réng vé& thé tich mao quén va phan b6 kich thuéc mao quan.

Su phén bs kich thudc mao quan trong pha nén chat xiic tic ddng vai trd quan trong
trong su dinﬁ hinh tinh chat xic tdc. né€u chat nén chia nhiéu mao quan twong déi hep (¢ <
100 A) thi ¢6 thé xdy ra su bit tic mao quén do su hinh thanh céc va do d6, gay can tr&
khuéch tdn, dong thoi d6 bén thuy nhiét caa vat lisu khong cao. Néu chit nén chita nhidu
mao quéan tuong déi rong (¢ > 200 A) thi thudng c6 bé mat riéng thdp, va do dé, lam gidm
vai tro xiic tdc cla chat nén, déng thoi ciing lam gidm d6 bén mai mdn chia hat xic tic. Theo
Beck va cong sy (H. W. Beck et al., US Pat. No 4,480,047, 1984) su phan bd kich thude mao
quan t6j wu 12 su phéan b6 can bing gita cdc mao quin hep vd mao quan rong con tuy thuoe
vao ngudn nguyén li¢u va cde diéu kién cracking cic nguyén liéu nang (ddu cin).

Su phan b6 kich thude mao quan chia chit nén bi bién déi khi thém céc chat khic vao
chét nén. Vi du, thém 35% = 40% kaolin vio aluminosilicagel thi ngudi ta nhan dugc mot
vat liéu ¢o cdw tric mao quan réng. Aluminosilicagel ¢6 thanh phén hod hoc khéc nhau ciing
¢6 kich thude va thé tich mao quan khic nhau. Ching han, ting ham luong Al,O5 trong gel
tit 13 + 25% c6 thé 1am tang thé tich va dudng kinh mao quan trung binh clia vat ligu.

Cdc diéu kién diéu ch€ chat nén ciing dnh huéng dén cdu tric mao quan. Néng do cia
hén hop wét, pH, nhié¢t d6 phan tng, nhiét d6 va thai gian lam gia, sy hién dién cha cic
cation khdc nhau déu dnh huéng dén thé tich mao quan cla chét nén. Vi du, thay thé céc ion
Na* biing NH," khi gel ho sol aluminosilicat s& din dén mot loai gel ¢ bé mat riéng 16n va

mao quan nhd. Khi diéu ché€ gel aluminosilicat tir sulfat nhém va silicat natri, két hop viéc
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thém mudi nhom véi sy lam gid gel 1am tang thé tich mao quan va kich thuéc mao quin
trung binh cha gel. Su hinh thanh cic mao quan réng trong gel aluminosilicat xay ra thuan
lgi & pH cao va ndng d6 cao v6i sy ¢6 mit cila cdc téc nhan diéu chinh céu triic mao quan
trong dung dich diéu ché gel. Su 1am gia gel wét trude khi thye hién cdc xir 1y ti€p theo ciing
rdt c6 lgi cho sy phat trién mao quan rong. Nung gel trong hoi nude lam gidm bé mat riéng
va thé tich mao quan, 13m tang ban kinh mao quan v md réng ving phin bé bén kinh mao
quan. Vi thé, cic chit xiic tdc tham gia phin fing dd dat d€n trang thdi can bing (vé c4u tric,
hoat tinh xic tic...) thudng dugc goi tat 12 chat xic tdc cdn bdng, thudng c6 ban kinh mao
quan 16n hon va su phan b8 kich thudc mao quin rong hon so véi chat xdc tic con méi
nguyén (chua tham gia phan ing).

Cic polyme hitu co va mudi than duge thém vio cdc hat xic tdc vi cdu, sau khi d6t
chdy, ngudi ta nhin duge cdc vat 1iéu ¢6 mao quan tuong d&i rong. Vi du, thém muéi than
vao hén hop uét chita zeolit REY, pxodobomit peptit hod, khodng sét va polysilicat amoni.
Sau d6 sdy phun hén hop wét, d6t chdy chét phy gia‘ ngudi ta nhan duge mot chét xic téc céd
thé tich mao quén ting dang ké vi ¢6 nhiéu mao quan nim trong khoang 100 + 200 A.

Thé tich mao quan tir 20 + 600 A duge xdc dinh bing phuong phip ding nhiét hap phu
nito (ASTM D-4222 va D-4641), trong khi d6 thé tich cdc mao quéan ¢é kich thudc tir 600 +
20.000 A duoc xdc dinh bing phuong phip porosimet thuy ngan (ASTM D-4284). Thé tich
mao quan ciing ¢6 thé do bang phuong phip hip phu nudc.

3.4.3. D6 bén nhiét va bén thuy nhiét

Viéc duy tri 6n dinh hoat tinh vd d6 chon loc xiic tdc trong qué trinh hoan nguyén
khic nghiét ddi hoi 4o bén nhiét va bén thuy nhiét (N&TN) cao clia chat xdc tdc FCC, nghia
13, clia zeolit va cla chit nén. D6 bén N&TN cha zeolit Y chiu tic dong cla ti s8
Si0,/Al,0,, d6 tinh thé, dang ion trao d6i, ham lugng ion natri cdn lai, va kich thuée tinh
thé. Do bén N&TN cia zeolit tang vdi ti s8 Si0,/Al,0, tang, d6 tinh thé cao va kich thude
hat tinh thé 16n. Néi chung, c4c cation da hod tri tao ra d6 bén N&TN 16n hon so véi ion hod
tri mot. Zeolit Y trao d6i véi cation d4t hi€m 13 zeolit bén nhit trong cdc zeolit Y. Ion natri
dnh hudng xau dén do bén N&TN cia zeolit, ham lugng cia ion natri trong zeolit cdn giam
dén mic thép nhit cé thé. Nh ti s6 S5i0,/Al,05 cao ma zeolit HSY cé d6 bén N&TN cao
hon cic zeolit Y thong thuong.

Chit nén bén vitng ddm bdo moét “dd x8p” 6n dinh cho chat xidc tdc trong qua trinh
hoan nguyén, nghia 14, bio ddm mét sy khué&ch tan t6t cho cdc phan tir nguyén liéu v cic
khi hoan nguyén dén tin cdc tinh thé zeolit. Chét nén téng hgp chita nhiéu mao quan nhéd
kém 8a dinh hon so v6i chdt nén chifa it mao quan nho. Céc chét nén hoat tinh cé do bén t6t
duy tri mot cich 6n dinh bé mit riéng sau cdc xir 1y nhiét va thuy nhiét, do dé, dam bio su
én dinh cta hoat tinh xiic téc.
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D¢ bén N&TN ciia mot chat xiic tic duge xac dinh trong phong thi nghiém bing cich
xUr 1y nhiét va thuy nhiét chit xic tdc trong nhitng di¢u kién khic nghiét khac nhau. Sau khi
xif 1y, cdc tinh chét vat 1y (do tinh thé, bé mit rieng, phan b6 mao quan va tinh chat xdc tic)
cia chit xiic tdc duge x4c dinh.

Su suy giam hoat tinh clia mét chét xiic tdc, duéi tic dong clia nhiét d6, hoi nuéc duge
xdc dinh theo phuong phip ASTM D-4463. B& mat riéng clia chét xdc tic duoc tao ra tir bé
mat riéng ca zeolit va cila chit nén. Trong khi bé mat rieng cha zeolit Y ban dau rdt cao
{thudng dén 800 mzfg, d&i véi zeolit Y théng thuong, trén 600 mz,fg déi vai zeolit USY), bé
mit riéng cla chat nén c6 thé thay déi tir mot vai chuc m®/g d6i véi khodng sét dén mot vai
tram m%/g d6i v6i cht nén tong hop.

Céc chat xdc tdc gia tang gid trj octan c¢6 bé mit riéng cao chli y&u nh& ham lugng cao
cua zeolit Y bién tinh. X 1y nhiét - hoi nudc mét chit xic tic [am gidm bé mat riéng ciia
n6. D6 la do gidm mot phin do tinh thé clia zeolit va do lam thay déi cfu triic mao quéan va
thé tich mao quén cda chat nén téng hop hoic ban téng hop. Trong xir ly nhiét - hoi nudc,
¢dc mao quian nhd bi pha v& va cdc mao quin Idn phdt trién din dén sy suy gidm bé mat
riéng. Do nhiing bién ddi nhu the, cac chit xiic tdc can bing ¢6 bé mat rieng thdp hon chit
xdc tdc mdéi. Sy x&r 1y nhigt va nhiét - hoi nude khong anh huéng dang ké dén tinh chat bé
mat ciia khodng sét trong chdt nén.

Céc chét xic tdc ¢6 chat nén hoat dong (c6 hoat tinh xdc tdc) thudng cé bé mat rieng
I6n, trong d6 bé mat rieng cla chit nén ciing tuong ddi 16n. Tang bé mit riéng clia chat nén
do ting ham lugng oxyt nhém din dén sy gia tang chdt luong san phdm ddy va hiéu suft
LCO. Cii thién céc phan dng cracking trong pha nén ciing 1am cho gid tri octan ting. Tang
hoat tinh cua chat nén khi ting bé mat riéng 1a do gia tang s6 tdm axit trén mot don vi khéi
luong chiét xic tdc. Tuy nhién, bé mat riéng cao (tuong ting véi mao quan hep) cla chat nén
1am ting kha nang hap phu hydrocacbon va cé thé din dén cdc qud trinh cracking sau,
cracking thit cdp. Do dé, lua chon chét nén ¢6 bé mit riéng vira phai ta t6t hon ca.

Bé mat riéng ciia chat xiic tic thudng dwoc xdc dinh bing phuong phip BET dua trén
co s& hap phu ddng nhiét nito theo phuong phip ASTM D-3663.

3.4.4. Phén b6 kich thudc hat

Sau khi sdy phun, ngudi ta nhan duge cic hat xde tac c6 kich thuéc nam trong phin b6
Gauss vdi cuc dai khoang 60 + 80 um. Cac hat ¢é dudng kinh nhd hon 40 um va dic biét,
nho hom 20 pm (hat min) hdu nhu rat it, boi vi ching s& khong luu lai trong thiét bi FCC.
Cac hat rét 16n (trén 140 um) khong t6t cho su ludn chuyén trong trang théi luy thé.

Céc diéu kién sdy phun quyét dinh phin 16n sy phan b6 kich thudce hat xdc tac. Vi du,
tang ham luong pha rin va d¢ nhét cia nguyén liéu siy phun lam ting kich thudce hat, khi
tang 4p sudt hofic ting td¢ d¢ cha dia phan tdn Iam gidm kich thuéc hat. Bing cich thay déi
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diéu kién sdy phun, véi chit xiic tdc ¢6 thanh phn hod hoc nhur nhau nhung ngudi ta ¢6 thé
nhan duge sy phan b6 kich thuée hat khic nhau, ddp Gng yéu cdu cu thé cha tirmg nha mdy
oc ddu.

Sy phan b6 kich thude hat ciia chat xiic tdc méi (chwa tham gia cracking) va chét xdc
tic can bing (di tham gia cracking nhiéu 14n) 13 khéc nhau. Ngoai phidn "bui" (hat min) ¢
mét sin trong xiic tdc ban ddu, mét s6 "bui” duge tao thanh trong qué trinh cracking do tic
déng mai mon cha cdc hat xiic tic 16n. Do dé, kich thuéc trung binh clia cdc hat gidm dén.
Hau hét cdc hat min déu bj loai bd va thu héi trong céc xyclon ca thigt bi hoan nguyén. Su
hinh thanh qué nhi€u cdc hat min c6 thé gay ra sy phat thai bui vao kh{ quyén va gay tic hai
xau cho moi trudng. Byi ndly dnh hudng dén tinh linh dong cita chat xiic téc trong cdc thiét
bi cracking. Tang 46 bén mai mon ciia chit xic tdc FCC ¢6 thé 1am giam su hinh thanh buyi
hat va do d6 giam thiéu sy 6 nhiém méi trudng.

Trong cong nghiép, sy phan bé kich thudc hat duge xde dinh vé6i cdc bo ray phan loai
cdc kich thude hat tir 20 + 150 um (ASTM D-4513). Gan day, su phan b8 kich thugc hat
‘dugc do dya trén moi quan hé giita cudng d6 dnh sdng laze (laser) véi kich thude hat (ASTM
D-4464) hoac bang ky thuat dién tir (ASTM D-4438).

3.4.5. Khéi lupng riéng

Khéi lugng riéng cha chdt xiic tic phu thuéc vio thanh phdn va phuong phip diéu ché.
Chat xiic tdc duge diéu ché theo phuong phdp két tinh "tai ché" tir khodng sét nung cé khéi
lugng riéng cao hon so vdi chit xic tic duge diéu ché vai chdt nén ban téng hop. Chat xiic
téc v6i chat lién két xudt phét tir sol oxyt silic hodc tir clohydrol nhom cé khéi lugng riéng
cao hon so véi chat xiic tdc chita chat két dinh aluminosilicat vé6 dinh hinh. "

Diéu kién sdy phun c6 dnh hudng manh dén khéi lugng riéng chat xic tdc véi chét nén
bén téng hop. Vi du, tang néng d6 pha rin trong nguyén liéu sdy phun hoidc ting nhiét do
dau ra lam ting kh&i lugng riéng cia san phdm siy phun.

Khéi lugng riéng cao thudng biéu hién mot do bén 6t clia chét xic tic, ciing nhu do
X6p va thé tich mao quan khéng cao. Do d6, khéi lugng riéng ciing 12 mét dic trung vt 1y
quan trong cua chat xic tic FCC.

Khéi lwong rieng ciia chat xic tde 14 khéi lugng clia mét don vi thé tich chat xic tdc
¢6 thé duoge bidu dién nhu 12 mét d6 khéi trung binh ABD (average bulk density) hoic mat

d6 1eén chat CD (compacted density), chiing dwoc xéc dinh theo cdc phwong phip ASTM
D-4164 va D-4512

3.4.6. DO tinh thé XRD

D6 tinh thé XRD 1a thuat ngt dién dat do tinh thé ciia vat lieu duge xdc dinh theo
phuong phdp nhiéu xa tia X (XRD).
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D6 tinh thé XRD biéu hién ham lugng cha zeolit trong chét xic téc FCC. Ngudi ta do
dién tich cia moét hoac mot vai pic trong phd nhiéu xa tia X cla chét xde tic va tinh todn
phédn tram dién tich d6 so véi dién tich cia céc pic tuong Wng cua zeolit chufn (thudng la
NaY két tinh t6t) (hinh 3.17).
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Hinh 3.17. Phé XRD ciia (a) NaY chudn v (b) chit xdc tdc cracking.

Cic miii tén chi ra cdc pic duogce lua chon d€ xdc dinh d6 tinh thé.

Do tinh thé XRD tang khi ham lugng zeolit trong chét xic tic FCC tang va khi tang
muc d¢ hoan thién qud trinh két tinh zeolit. So sanh véi do tinh thé XRD clia miu xiic téc
can bing va miu xic tic méi cé thé biet dugc s phd vé& cu tric va dé bén ciia chat xic téc.
Xéc dinh d¢ tinh thé XRD thudng duge thyc hién bing phuong phip ASTM D-3906. Cic
nha mdy loc dau thudng sit dung phuong phip nay dé theo dai chit lugng va tinh nang cla
cdc chit xic tde FCC mdéi hoidc di 1am viée 1au (c4n bing).

Tém lai, chdt xic tdc FCC cdn cd nhitng tinh chdt vat 1y cdn thiét d& ddm bdo dé bén
co hoc va thuc chdt, dé dim bdo dé bén hod hoc va xiic téc ciia chadt xiic tde. Cée tinh chat
vdt Iy quan trong ciia chdt xiic tde la: dg bén mai mon, dé bén nhiét va thuy nhiét, kich

thudéc mao quan, phdn bé kich thuée mao qudn, kich thude hat va phan bé kich thusc hat
xiic tdc, bé mdt riéng, khéi lugng riéng va dé tinh thé cita zeolit.

Céc tham s6 vat Iy nay ludn déng vai trd phét trién, bdo vé va tang tinh hiéu qua cia
cde tim xic tdc trong qud trinh thuc hién phan #ng cracking vi hoan nguyén chat xiic tic,

119



3.5. Mai quan hé giira thanh phan va tinh chit xuc tac

3.5.1. Cdc ddc trung co' ban ctia chét xtc téc FCC

So véi chat xic tdc aluminosilicat vo dinh hinh, ngudi ta thiy chit xidc tic FCC chija

zeolit ¢é nhitng tinh chat dic trung co ban sau day:

a. hoat tinh xic tic cao;

b. 49 bén hoat tinh t6t, nghia 13 thdi gian 1am viéc clia chét xdc tac khd dai;
c. d6 bén nhiét va thuy nhiét cao;

d. hiéu suat gasolin cao;
e. hiéu suat tao céc va khi thdp (bang 3.6);

f. d6 bén mai mon tét.

Bang 3.6. So sanh hiéu suit san pham ¢ mitc do tao coc nhu nhau

trén hai xuc tae zeolit va aluminosilicat vo dinh hinh

$dn phim Aluminosilicat vé dinh hinh 5i0, - Al,O,4 Zeolit Sai khac

Céc, Ykl 5,0 5,0 0
Pé chuyén hoa, %tt 77,0 86,0 +9
H,, %kI 0,07 0,04 -0,03
Cy+C,, %tt 31 2,7 -0,4
C,, %it 14 1,6 +0,2
Cy . %t 14,2 14,0 -0,2
i-Cy, %t 6,8 8.9 +2,1
n-Cy, %tt 0,6 0.8 +0,2
C. . %t 9,9 8,5 -1.4
C;' gasolin, %tt 55,5 85,5 +10,0
LCO, %t 5.0 4,3 -0.7
HCO, %tt 18,0 9,7 -83
RON 94,0 91,0 -30

Mot s6 chit xic tic chua zeolit ¢6 dd bén ngd doc 16t véi kim loai, cdc hop chit
sulfua va nito. Chit xiic tdc FCC cdn cé thé chia cdc chét phu trg khéng 6 chife ning
cracking ma c6 chic nang xr ly cde 6 nhiém, vi du, trg xic tic cho qui trinh chdy CO thanh
CO,, SO, thanh SO; vi tao ra cdc mudi sulfat, nhim gidm thiéu phat thai CO va SO,. Viéc
lua chon chat xic tdic FCC phu hgp cho mét cong nghé cracking cu thé phu thuéc vio céc
yéu t6: ngudn nguyén liéu, yéu cfiu sdn phim, bién phap tién xit 1y nguyén liéu, diéu kién
vAn hanh cho phép, tiéu chudn moi trudng quy dinh vi gid thanh chdt xdc tdc. Vi cdc tham
s tién hanh qué trinh cracking tic dong manh dén cic tinh chdt xic tdc, nén sy so sdnh chit
lwong gitta cdc chat xiic tdc phdi duge ti€n hanh trong cdc diéu kién nhu nhau.
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Hinh 3.18. M&i quan hé giiia hiéu sudt san phdm va d6 chuyén hod.

Méi quan hé giita hiéu suft sin phdm vi d6 chuyén hod cha chat xic tic FCC duge
minh hoa nhir trén hinh 3.18.

Tu hinh 3.18 nhan thdy ring, khi d¢ chuyén hoa ting, hiéu suft gasolin trdi qua mot
cuc dai, sau dé gidm vi xdy ra hién tugng cracking siu. Su thay déi hi¢u sudt LCO twong tu
nhur déi véi hiéu suidt gasolin. Hiéu suft tao c¢dc va khi tang, trong khi d6 hiéu sudt HCO
gidm khi dé chuyén hod ting.

Su bién déi chit lugng gasolin véi d6 chuyén hod dugc miéu ta nhu trén hinh 3.19.
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Hinh 3.19. Anh hudng cia d6 chuyén hod dén chat lugng clia gasolin (a) thanh phin PONA
(parafin, olefin, naphten va aromat) trong gasolin, (b) RON cua gasolin, (¢) MON coa gasolin.
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Khi dé chuyén hod tang, cdc thanh phin PONA trong gasolin thay déi khac nhau:
trude khodng 60% do chuyén hod, ham lwong olefin, aromat ting trong khi dé naphten giam.
Khi d¢ chuyén hos 16n hon 60%, ham lugng olefin gidm, aromat vin ti€p tuc ting, naphten
vin ti€p tuc gidm. Parafin tang v&i d6 chuyén hod do tao ra cdc isome phan nhanh. St bién
ddi thanh phin PONA trong gasolin véi d6 chuyén hod duoc phan 4nh trong sv gia tang gia
tri RON va MON ctia gasolin.

Cdc chét xic tdc tang gid tri octan, néi chung, ¢6 hoat tinh thdp hon va hiéu suft
gasolin thip hon so véi cic chét xidc tdc chita zeolit REY. Hoat tinh va d6 chon loc chia chét
xtc tic FCC tang gid tri octan phu thude rit nhiéu vao him luong va kiéu zeolit. Mét zeolit
thudng duge dac trung boi cdu trice, ti s6 Si0,/Al,04, dang ion trao déi, mitc do trao déi ion,
ham lugng ion natri con lai trong zeolit, mic do va phuong phdp tich nhém, kich thudc 6
mang ¢d s&, 4o tinh thé va d¢ bén nhiét,

Hoat tinh xiic téc va d6 chon loc sidn phdm cia chit xde tdc ciing bi dnh hudng phin
nao boi thanh phan va tinh chat hod 1y cla chét nén (do axit, dién tich bé mat, thé tich mao

quan, phan b6 mao quan, khéi lugng riéné). Céc chdt phu trg gia ting chi s& octan ¢é thé
cling &nh hudng dén tinh chat xic tdc.

3.5.2. Anh hudng cua zeolit dén tinh chét xtc téc FCC

Tang ham lugng zeolit din dén su gia ting hoat tinh xic tdc, bit ké loai zeolit Y ndo
(Y théng thuong hay USY). Anh hudng cua zeolit REY dén hiéu suft sin phim tai do
chuyén hod khéng d8i (70%) nhu & hinh 3.20.

Gasolin, %ft
a3

Tién x(r ly xUc tac: 827°C/12h/20% hai nudc

Nguyen liéu: gas oil Tay Texas

Diéu kien phan Ung; 493°C, xt/d: 4,0 (thay d3i WHSV)
Giam théi gian luu

= RON

LCO, %tt

Higu suit san pham (don vi quy udc)

H,, %k

Gy - C,, %t %t phan tram thé tich
%KI: phan tram khéi lugng

Cé’cj,%kl

10 12 14

a
% REY

Hinh 3.20. Anh hudng cia ham luong zeolit dén hiéu sudt sdn phim tai d6 chuyén hoi
khong ddi (70%tt) (chit s& canh cdc dudng cong 12 hiéu suft sin phim tuong tng).
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Tir hinh 3.20 nh4n thdy ring, khi ham lugng zeolit REY tang, hiéu suat gasolin va
LCO tang, trong khi d6 hiéu suit hydro, olefin C;~ - C,7, vi c6c giam.

HSY c6 ndng d6 tdm axit nhé hon so véi REY do d6, hoar tinh xtic tic ctia HYS nhd
hon cia REY. D€ bit trir cho hoat tinh xiic tdc thip, ngudi ta phai diing zeolit HSY nhiéu gdp
2 + 3 14n so véi zeolit REY khi diéu ché chat xdc tdc cracking. Nhir chiing ta di thdy & muc
3.2, viéc tdch nhom khoi mang zeolit dén dén ti s§ Si/Al tang tén, kich thudc 6 mang tinh
thé gidm di, va kha nang trao ddi ion nhé hon so véi zeolit ban ddu (hinh 3.21).

Do d6, ngudsi ta cho rang, c6 mot méi lien quan chat ché giita céc tham s& hod 1y va
tinh chit xic tic cha zeolit.
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Hinh 3.21. M&i quan h¢ giita kich thude 6 mang co s& ciia zeolit va ti s6 Si/Al.

3.5.2.1. Anh hudng t/ s6 Si/Al cta zeolit dén hoat tinh xtc tac va do chon loc

Khi ti 56 Si0,/Al,05 tang thi kich thuéc 6 mang co s& gidm (hinh 3.21). Mat khAc,
chiing ta biét rang, khi ti s6 Si0,/A1,0, ting thi lugng tam axit trong zeolit gidm, do dé,
hoat tinh xic tdc cracking giam. Nhu vay, dé duy tri mot do chuyén hoi khong déi, luong
clia zeolit phdi ting khi ti s6 Si/Al tang (hay kich thuéc & mang co s& giam (hinh 3.22)).
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Llugng tang tuong dai
cla zeofit (Jan)
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Kich thuée & mang co sd (A)

Hinh 3.22. Quan h¢ giita sy gia ting lugng twong d6i cha zeolit va kich thuée & mang co s& cla
zeolit & 46 chuyén hod khong d6i (65%tt). Diu kién phan tng: xic téc/d = 4, WHSV = 30, 510°C.
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Sy tang dot ngdt lugng zeolit & gid tri kich thude 6 mang co s& rdt thip 1a do su ting
dot ngt cua ti s6 Si/Al (nghia 12 do su gidm dot ngét cla hoat tinh xiic tic clia zeolit). Mic
du vay, cdn luu ¥ rang, chat xiic tdc chita zeolit véi haim luong silic cao, vi du nhu USY, ¢6
hoat tinh thdp hon so v&i chat xiic tac chira zeolit REY cing ham lugng zeolit, nhung dudi
diéu kién xUr 1y nhiét hoi nuéc khédc nghiét thi chat xic tdc chita USY vin giit dwoc % hoat
tinh con lai cao hon so véi xiic tdc chita REY, vi USY ¢6 do bén thuy nhiét t6t hon.

Do chon loc san phim clia chét xic tic bi tic d6ng manh bdi hiéu tng tich nhom.

Bang 3.7. Cic s liéu cracking trén 2 chit xic tic chifa zeolit REY va USY
trong thiét bi MAT (micro activity test)

Xic tac chita REY (diéu kién xif Iy Xuc tac chia USY. Digu kién x&f ly
s0 b$ 5-13,5stm™ 50 bd, 5-20 stm®
Bidu kign thue nghiem: 40WHSV, 4 xtidau, 510°C, nguyén liéu NWR™
P& chuyén hoa 72,5 72,5
Hydre, %k! 0,020 0,020
C+Cy, %kl 1,28 1,13
Téng Cj, %tt 79 9,0
Cy . %it 6.0 7,6
Téng C,, %tt 13,6 15,1
Ti s6 C4=i.i'-C4 0,83 0.91
Gasolin Cs' 590 58,0
Chi s6 octan
RON 86,0 80,4
MON 78,0 80,0
Mat 86, °API 57 4 57,3
Diém anilin, °C M7 267
Chi s8 brom 310 50,0
LCO, % 18,1 19,5
Mat da, °API 18,4 20,1
Diém anilin, °C 16,7 23.9
Déu ¢3n tai 338°C 94 8,0
Mat do, °API 3,6 3,1
Piém anilin, °C 39,4 34,4
C8c, %Kkl 4,6 4,0

a: 732°C, 8 h, 100% hoi nude, 15 atm;
b: 827°C, 12 h, 20% hoi nuéc trong khong khi;
c: nguyén liéu: 23,9°API, diém anilin 92°C, thira s6 K UOP 11,9, IBP 201°C, FBP: 552°C.
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3 tai mot do chuyén hod nhu nhau, tang ti s6 Si/Al (giam kich thuéc 6 mang co s@)
cua zeolit din dén d6 chon loc LPG (liquefied petroleum gas, gébm propan va butan thuong
mai) cao hon, san phidm olefin trong LPG cao hon, va su tao c6c nhd hon. Dé&i véi sin phdm
tong, d¢ chon loc gasolin gidm rat it, rong khi d6 LCO (phdn diu chita nhiéu aromat nhe)
ting, DO (decanted oil, phan ddu con lai sau diém s6i 338°C) gidm véi su giam cia kich
thuSc 6 mang co s ciia zeolit. Diéu d6 ching to ring, viéc gidm kich thuéc 6 mang co sé
lam thudn loi cho sy chuyén hod clia phan doan ddu nang (phén sin phdm “day” (“bottom™))
thanh LCO. Nhu viy, nhd kich thuéc 6 mang gidm, ngudi ta ¢6 thé ti€n hanh phin tng
cracking trong cdc diéu kién khic nghiét hon, va do d6, dat duge d6 chuyén hod cao cho di
zeolit cé hoat tinh thap.

Tinh chét xidc téc cha chat xic tic chia zeolit AFSY cilng ¢é cic dac diém twong .
Céc s6 li¢u thyc nghiém quy moé pilot ciia chat xic tdic FCC chia zeolit LZ-210 (tén thuong
mai clia zeolit AFSY) va clia chét xic tic chira zeolit REY dugc trinh bay & bang 3.8.

Bang 3.8. So sanh tinh chét xiic tac cda cdce chit xdce tac cracking chia zeolit REY
v chira zeolit 1.Z-210 trao déi ion RE (s liéu pilot, US Pat. 4,744,886. 1988)

Chit xic tac REY @ Chit xiic tac vdi LZ 210
Thanh phan chit xuc tac
8i0,, %kl 47,65 52,62
ALO;, %Ki 48,31 46,63
RE,O;, %Kl 152 0,41
Na,0, %k 0,17 0,12
Ham lvygng zeolit 16,0 18,0
Diéu kién thir nghiém
WHSV 15,1 14,8
Ti s§ xUc tacidau {xtid) ' 4,1 43
Nhiét 38 cracking °C 482 482
P6 chon loc sin phim ©
P& chuyén hoa, %Kk 70,7 71,3
H,, %kl 0.08 0,07
C,+C,, %ki 14 1,4
Cy, %kl ' 43 45
Téng C,, %ki 5,0 5,0
Téng C,, %K 8,6 9,2
Gasolin, %kl 52,5 52,9
RON 87.6 83,6
MON 75,9 76,2
LCO, %kl 18,2 19,1
HCO, %kl 11,2 95
Cée, %kl 2.8 2,5

a: X0t 1 50 bo: 100% hoi nudc & 813°C, 2 h;
b: nguyén liéu; mat d¢ 24,6°API, IBP = 332°C, FBP= 559°C, thira s§ K, UOP = 12,0.
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Véi d6 chuyén hod twong tu, chét xic tic chita zeolit LZ-210 ¢6é d6 chon loc LPG cao
hon va c&c thdp hon, d6 chon loc gasolin cao hon mot ft. Chit xvic tic chira LZ-210 cho hi¢u
sudt cila LCO cao hon va DO thdp hon so véi chét xiic tac chita zeolit REY. Mac di su bi€n
d6i d6 chon loc cha zeolit AFSY va USY so véi REY ¢6 khuynh hudng glOng nhau, nhung
dd chon loc clia 2 zeolit HSY d6 12 khdc nhau.

3.5.2.2. Anh hudng cla zeolit dén chét lugng gasolin

Chdt lugng cla gasolin bi &nh hudng bdi ti s Si/Al coa zeolit. Sy anh hudng dé dugc
minh hoa trong bang 3.9.

Bang 3.9. Thanh phin va hiéu suit ctia gasolin (reacto thir nghiém v6i lop xvic tic tAng soi)
luong chit xiic tdc ¢é dinh nhung luén & trang thai luu thé én dinh G, C. Edwards et
al. ACS Symposium Series, 375,101 1988).

Chat xic tac®
10% REY, 90% chat nén tra 20% USY 80% chét nén tro

Chat xdc tac/dau 6,0 40
WHSV 200 30,0
7,°C 510,0 510,0
Kich thudc & mang zeolit, A 24,46 24,26
B chuyén hoa, %kl 52,0 53,0
Cs- Cq

Parafin théng 1.4 1.1

Isoparafin 12,5 a9

Olefin 13,3 19,9
C;-Cq

Parafin thang 1,6 1,4

Isoparafin 10,7 8,0

Olefin 8,7 14,3

Aromatic 8,2 8.9
c,

Parafin 11,4 10,0

Aromatic 14,1 13,3
Téng

Parafin 375 29,3

Olefin 21,9 34,2

Naphten 12,6 121

Aromat 22,4 201
RON 88,6 926
MON 77.4 80,0

a: x{r Iy so b, §16°C, 4h, 100% hoi nude
b: nguyén liéu: gas oil Tay Texas (M¥)
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So sénh v6i REY, xiic tdc chifa zeolit USY lam gidm ham lugng parafin ting olefin va
giam nhe aromat trong gasolin.

Giam kich thuéc 6 mang co sd chia zeolit ddn dén sy gia ting RON va MON, déng
thdi 1am chi s& brom cao hon va diém anilin th&p hon (hinh 3.23)
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Hinh 3.23. Anh hudng cia kich thuéc 6 mang co s& ciia tinh thé zeolit
dén ch4t lugng gasolin & dé chuyén hod khéong d6i (65%tt).
Piéu kién phan (ng: xic tac/dau = 4, WHSV = 30, nhiét do: 510°C.

Gid tri octan tang manh nhét khi kich thuéc 6 mang co s& nho (nhé hon 24, 30 Ay,
trong mién d6 chi tén tai chi y&u cdc tim axit manh. Tuy nhién, trong diéu kién dé, thi do
chon loc clia gasolin lai giam manh. 86 brom tr& nén cao hon 14 do tang ham lugng olefin,
diém anilin thdp hon chitng t& dé aromat tang. Theo Leuenberger et al. (E. L. Leuenberger
et al.,, NPRA Annual Mtg., March 1989, San Francisco, CA, AM-89-50) thi chét xiic tic t6i
wu cho octan - barrel nén chifa cdc zeolit tinh thé nhé vé6i kich thudc 6 mang co s& khong
qua 24,50 A) d6i v6i zeolit méi (chira tham gia cracking), va khoang 24,3 A, d6i véi zeolit
Y & trang théi can bang.

| Viéc xdc dinh chi s& octan két hgp véi su phan tich parafin, olefin, naphten va aromat
(PONA) di chiing to ring, sy cai thién chi s8 octan trong phén gasolin nhe (Cs, 127°C) 1a do
ham lugng olefin ting, trong khi d6 trong phan gasolin nang (127 + 220°C) la do olefin khi
d6 chuyén hod thap (~50%) va do aromat khi d6 chuyén hoa cao (70 + 75%).
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Gidm kich thuéc 6 mang co s& tir 24,44 + 24,26 A din dén ting RON cia gasolin
khoang 3 don vi va tang MON khodng m6t don vi. M6i quan hé giita diém s6i, chi s6 octan,
su phén b6 hydrocacbon trong cic phaﬂ doan khdc nhau cla gasolin FCC d6i véi mot s6 xiic

tdc dugc néu lén trong bang 3.10.

Bang 3.10. Tinh chit ciia cide phan doan gasolin dugc tao ra do FCC

Tinh chat Nguyén ligu VGO (vacuum gas oil)

Mat do, °API 21,3
Luu huynh, %kl 2,3
Trong luong phan tdr trung binh 260,0
Ham lugng parafin, C,, % 61,2
Ham luong naphten C,,, % 16,3
Ham lugng olefin C,, % ¢
Ham lugng aromat C,,, % 22,5
D1160, °C

5% 319.0

50% 4255

90% 524,0

Céc phéan doan gas oil

Phan doan 1 2 3 4 5
RON 96,3 93,7 90,0 94,5 82,7
MON 82,2 79,1 79.0 82,3 80.8
Khoang nhiét dé sai, °C 33+ 48 49 = 89 90 + 130 131 =+ 186 187 + 221
Chi 8 Brom 99,0 109,0 94,0 41,0 20,0
C, 40,0 35,0 240 14,0 21,0
C, 0,1 7,0 15,0 12,0 24,0
G, 60,0 450 48,0 280 5.0
G, ¢,1 4,0 13,0 46,0 50,0

D1166: phuong phap chung cat tiéu chudn ASTM D1160.

Xin luu y rang, khi sit dung gid tri kich thuéc 6 mang co s& tinh thé zeolit d€ danh gi4
chit lugng octan cba gasolin cén phai than trong d6i véi cdc chit xic tic can bing (da sir
dung nhiéu 14n), boi vi miu xic téc can bing 12 mot hdn hop cic xiic tic chia cdc loai zeolit
Y khéc nhau v€ hoat tinh xic tic, va mic d6 tach nhom (REY, REHY, USY...), kich thuée 6
mang co s& do duge 1a mét gia trj kich thude “pha trén” khéng phan dnh ban chit thuc sy
cua timg don vi c4u triic cha zeolit va do d6 khéng phan dnh diing tinh chat xic tic cha chit
xuc téc. Tuy nhién, cdc gid tri kich thuéc 6 mang “pha tron” nhue thé chi cé thé duoce sir dung

dé giai thich va tién dodn nhiing két qua vé chat lugng san phdm cracking ma théi.
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3.5.2.3. Anh hudng ciia ion natri

Sy ¢6 mat clia ion natri trong zeolit Y tidch nhém cin trés su hinh thanh gasolin c6 chi
s& octan cao (hinh 3.24).

95 T T T ;
0 mang co s

94 - 24,22-2425 A n
- 03 .
]
&

92 .-

ot |- . .

an t i I ]

0,0 1,0 2,0 .3,0 40 50
Na,O, %kl trén zeolit

Hinh 3.24. Anh hudng cia ion natri dén RON cia gasolin.

Ngudi ta cho rang, cdc ion natri di trung hoa cdc tam axit manh nhét trong zeolit. Tuy
nhién, chi natri con lai trong zeolit do qua trinh diéu ch€, san xudt chidt xic tic mdi anh
huong dén chét lugng octan cla gasolin, cdn natri ¢6 trong nguyén liéu thi dnh hudng rat it
dén hiéu ng 46, ma chu yéu, chi ¢6 tac dung [am gidm hoat tinh xiic tdc.

3.5.2.4. Anh hudng ctia phuong phép diéu ché zeolit HSY

Phuong phdp di€u ché zeolit cling anh hudng dén tinh chdt xic tdc cha zeolit trong
phan @ng cracking gas oil. Cdc zeolit Y dugc xir 1y theo cdc phwong phap khdc nhau (nung
trong 16p zeolit day, xir Iy bang nhiét hoi nude, x& Iy bing SiCl, va xir Iy bing (NH,),SiF)
¢6 hoat tinh xiic tdc khac nhau. Su anh huéng d6 cé thé duce minh hoa nhu trén hinh 3.25.

: | |

Hang s6 tdc do
(den vi quy uéc)
i

0 L 1
4.3 24.4 .8 4.8

Kich thudc & mang co 8, (A)

Hinh 3.25. Sy anh huéng cua kich thudc 6 mang co s& cia tinh thé zeolit dén hoat tinh
cracking gas oil cia cac zeolit duge tich nhom bang cac phuong phdp khic nhau: {0) nung
trong 18p day, (A) xi by béng nhiét hoi nudc, (s) x{r Iy biing SiCl,, {A) x Iy SiCl, va nhiét hai nude.
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Cic dudng cong nhan dugc déu c6 hoat tinh cuc dai & 24,594, 24.358 va 24,354
tuong iing v6i cdc phuong phdp xit 1y zeolit bing nung, xit 1y nhiét - hoi nuée va xir 1y SiCl,.

Tir hinh 3.25 nhén thdy ring, zeolit duge xir 1y biing nhiét - hoi nuée ¢é hoat tinh xiic
tic cao nhit va ing v&i mic do tich nhém vira phai. Mat khac, trong hinh 3.25 cho thdy
rang, cung mot kich thudc 6 mang co s& nhung cdc zeolit duge xir 1y (diéu ché) bing cic
phuong phadp khdc nhau s& ¢é hoat tinh xiic tic khéc nhau.

Trén hinh 3.26 trinh bay dnh hudng cia cdc phuong phdp diéu ché zeolit HSY dén do
chon loc sdn phdm cracking gas oil.
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Hinh 3.26. Anh hudng cia kich thuéc 6 mang cd s& tinh thé zeolit d&n do
chon loc san phdm cracking gas oil trén cic zeolit: {o) nung trong Iép day,
(&) xU 1y béng nhiét hoi nudc, (») xif Iy bing SiCl,, (A) x{ Iy. SICl, va nhidt hoi nusc.

Zeolit tach nhoém bing cic phuong phdp khdc nhau ¢é sy phan b6 khic nhau ciia nhém
trong mang tinh thé. Vi néng do nhom trén bé mit khic véi bén trong tinh thé. Va vi cic
phan ti cla gas oil khong th€ x4m nhap sfu nhu nhau vio bén trong cic mao quan cia
zeolit, do d6, hoat tinh xiic tdc bi khéng ch€ chi yéu bai ti s§ Si/Al & bé mit ngoai hojc gin
bé mat ngodi cia hat zeolit. Diéu dé giai thich vi sao méc di thanh phan xtc tdc nhu nhau
(vi du, Si/Al = const) nhung zeolit duge diéu ché _b:"ing cdc quy trinh khdc nhau s€ dén dén
hoat tinh xiic tidc va do chon loc sdn phdm cracking khic nhau.

Zeolit HSY mdi diéu ch€ bing phuong phdp xit 1y (NH,),SiFg (zeolit AFSY) c6 hoat
tinh va d6 chon loc khéc véi zeolit USY trong cracking gas oil (A. Corma et al., Prepr. Div. Petr.
Chem., ACS Mtg., New Orleans, LA, Aug. 1987). Zeolit AFSY ¢6 rat it Al ngoai mang (tinh
thé) va it tam axit Lewis, khdc v&i zeolit USY. Su phan b& kich thuéc mao quan ctia 2 zeolit
d6 cling khdc nhau (xem muc diéu ché€ zeolit). Nhiing su khéc nhau d6 cé thé 1a nguyén nhan
tao ra su khdc nhau vé d6 chon loc clia 2 zeolit USY va AFSY trong cracking gas oil (hinh 3.27).
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Hinh 3.27. Hiéu suft cic san phdm cracking gas oil & 482°C.
duding dam: USY, dudng chdm cham: AFSY, (0): xi Iy USY bang axit xitric

USY cho nhiéu gasolin hon, khi C; + C, it hon v san phim ddy it hon, nhung ciing
tao c6c nhiéu hon. Al ngoai mang 1 nguyén nhan tao ra cde nhiéu hon trén xic tic USY.

Xir 1y zeolit USY véi axit xitric ¢6 thé loai bd (tich) cdc dang nhom ngoai mang khoi
bé mit zeolit. Do d6, tinh chit xdc tdc cha USY - xit Iy axit xitric twong tu nhu cia zeolit
AFSY, vi AFSY khong c¢6 hoidc 6 rft it dang nhom ngoai mang (hinh 3.26). Zeolit Y dugc
ngam rira vGi axit vo co cling duge sit dung trong cong nghe san xudt xic tic.

Nhiéu nghién ciru x4c nhén ring, tich nhom ngoai mang bang ngam rira v6i axit lam
gidm hoat tinh xic tdc va hi¢u sudt gasolin, nhung lai ting ham lugng olefin trong LPG va
tang ti s& i-Co/n-C, trong san phdm cracking, tham chi nhan xét dé cang ddng véi zeolit &
dang trao d6i dét hi€m.

Xir Iy nhiét - hoi nuGe clia zeolit USY ciing c6 thé tiép tuc tdch nhom khoi mang (dén
80 hoac 85%), x{r 1y nhiét hoi zeolit AFSY ciing cé thé din dén su hinh thaoh nhdém ngoai
mang. Tuong ty nhu véi USY, hoat tinh xie tic cha zeolit AFSY duoc xit 1§ nhiét hoi nude
cling trdi qua mét cyc dai khi ti s§ Si/Al tang. St khic nhau vé do chon loc san phim
cracking gas oil cfia 2 zeolit sau khi xir Iy nhiét - hoi nuée 13 rét nho, khéng ding ké so véi
trude khi xit 1y, 6 1a vi do sy ¢é mat cda nhom ngoai mang o ca trong 2 zeolit. Theo
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Beyerlein va cgng su (R. A. Beyerlein et al, J. Phys. Chem., 92, 1967, 1988), nhém ngoai
mang trong zeolit AFSY xi 1y nhiét - hoi nude ¢6 kha nang gia ting hoat tinh xiic tdc, vi cic
tam axit Bronsted va cdc tdm Lewis lién két véi nhém ngoai mang. Cic tam axit manh nhu
the thudng tén tai trong zeolit USY. C6 ngudi cho ring, zeolit USY va AFSY duge xit Iy
nhiét - hdi nudc déu c6 d¢ chon loc nhu nhau va déu tac ra gasolin ¢é thanh phén nhy nhau
(G. C. Edwards et al., ACS Symposium Series, 375, 101, 1988). Song ciing c6 ngudi cho
rang, chat xic tic chia zeolit AFSY xU 1§ nhiét - hoi nuée c6 do chon loc gasolin va LCO
cao hon va it tao c6c hon so véi chat xdc tic ché tao tir USY tiéu chudn. Cic s6 ligu thuc
nghiém (MAT) ching té ring, zeolit AFSY xir ly nhiét - hoi nudc c6 do bén thuy nhiét cao
hon va ¢6 néng d6 cic “vét la” ngoai mang it hon (oxy nhém, aluminosilicat v6 dinh hinh).
Cac "vat la" do6 trong zeolit USY 1a nguyén nhén chinh gay ra cdc phan tng cracking thi cdp
(cracking sau) va ddn dén sy tao c6c nhiéu hon va hiéu suit gasolin thap hon.

3.5.2.5. Anh hudng clia su trao d6i ion dat hiém véi zeolit HSY

Nhu ching ta da biét, zeolit HSY (si¢u bén va giau silic) 1 xic tdc ¢é kha ning gia
tang chi s6 octan clia gasolin trong qud trinh cracking gas oil khi zeolit d6 & dang H-zeolit
(zeolit & dang trao d8i véi NH,”, sau dé duge nung dé bién thanh dang H-zeolit, NH,zeolit
— H-zeolit + NH;T). Tuy nhién, hoat tinh xtc tdc cia H-HSY thudng thdp hon so véi RE-
HSY. Thuc nghiém chiing té rang, bing cich trao d6i ion vdi dit hiém, zeolit HSY & dang
RE-HSY c6 hoat tinh va d¢ chon loc cao hon va chi s6 octan cta gasolin vin khéng giam.

Mot s6 nha san xuit xic tic thudmg trao d6i zeolit Y (SiO,/Al,Q; = 5) véi ion dit
hi€m v6i mic d6 thdp hon so véi zeolit REY (zeolit ndy cling dwoc diéu ch€ tir Y théng
thudng nhung véi mitc d6 trao déi ion véi RE cao dé tao ra chét xic tic tang hiéu suft
gasolin). San dé zeolit RENaY duge trao ddi tiép véi NH," d€ tao ra zeolit REHY. Zeolit
nay lai dige xir 1y nhiét - hoi nude dé tich nhém, tao ra mét zeolit tuong tu zeolit REUSY.

Trong céng doan FCC, khi dat dé€n trang théi lam viéc can bing, cic zeolit USY cé
kich thuée 6 mang co s& khoang 24,20 A, trong khi dé cdc zeolit REUSY khoang 24,26 dén
24,32 A. Kich thudc 6 mang co sd tang véi him luwong ion dat hiém, va do dé din dén ting

hi¢u suit gasolin va giam chi s& octan.

Céc tinh chit xdc tic dic trung cha cdc zeolit Y khdc nhau trao déi véi ion dat higm
duge téng két trong bang 3.11.

Anh hudng clia ham lugng dat hi€m trong chit xic téc dén d6 chuyén hod va dén
RON (chi s6 octan nghién cfru', xem muc 1.5 Gasolin) dugc thé hién trén hinh 3.28.

Trong khi chi s6 octan RON giam manh véi ham lugng d4t hi€m trong zeolit USY
ting, thi MON thoat tién ting va sau dé giam (hinh 3.29).
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Bang 3.11. P chon loc cac san pham cracking trén cic chat xic téc Y khac nhau

Usy REUSY REHY REY
Hiéu suat khf khe Thip Thap Thap Thap
Hiéu sudt C, - C, Cao Trung binh Trung binh Thap
Higu sudt olefin C, - C,” Cao Trung binh Trung binh Thép
Higu sut céc Rat thap R&t thip Thap Trung binh
Higu suat gasolin Trung binh Cao Cao Cao
Gia trj octan Cao Trung binh Thép Thép
Hoat tinh cracking
343 - 482°C Cao Cao Cao Cao
482°C Trung binh Trung binh Thip Thap
Do hén vdi hoi nude, V, Na Trung binh Trung binh Thép Thap

3
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RE,0, trong xdc tac (%)

Hink 3.28. Anh hudng ciia ham
lugng dat hi€ém trong xic tic dén do

chuvén hod va chi s6 octan.

B6 chuyén hoa 65%

RE,Q,, %kl trén zeolit

Hinh 3.29. Su phu thudc cna chi s6 octan
RON vi MON vao ham lugng dat hiém
trong zeolit, & d6 chuyén hod 65%Kk].

Do nhu cdu tang barrel-octan hon so véi octan cia gasolin nén nhiéu nha mdy loc ddu
st dung xiic tdic FCC vdéi zeolit gidu oxyt silic trao déi véi ion d4t hi€m.

3.5.3. Anh hudng cda pha nén

Ngoai chitc nang vt 1y trong chét xic tdc FCC (muc 3.2.3.1), chét nén con ¢d chitc
nang xuc téc. Trong nhitng nim 60 va 70 cia th€ ky trudc, vai trdé xiic tdc cia chat nén
thudmg duge xem 1a khéng quan trong. Bdy gid, nhiéu chat xic tde thwong mai cé chit nén
véi hoat tinh xic tic va bé mat riéng thdp. V& sau, cdc nha san xudt xic tdc mdi nhan thay
vai trd quan trong cha chat nén trong viéc cai thién tinh chét xic tdc. Do d6, ngudi ta chii y

133



dén viéc san xudit cdc chdt xic téc c6 chat nén hoat dong chita oxyt nhém hoac alumino-
silicat vé dinh hinh ciing vdi khodng sét.

Nhu da néi trude day, trong cic chit xdc tdic FCC ¢ cang ham lugng va kiéu zeolit
tuong tu, thi 64k chit xuc tdc v6i chét nén it hoat tinh (vi du, v6i chat nén silicagel - khoang
$ét) tao ra it c6c va khi hon. Anh hudng cila cc chét nén d6 dén chi s6 octan cla gasolin 1a
khéng ding k€. Tuy nhién, do sy hinh thanh c6c va khi it nén qu4 trinh cracking c6 thé thie
hién & diéu kién khic nghiét hon, do dé cai thién chi s6 octan gasolin va cracking san phim
nang do d% chuyén hod ting.

Céc chit xic tdc FCC c6 chat nén hoat dong thudmg dwge ng dung trong céc phan
xuong FCC ma & d6 ngudi ta khong thé ting do chuyén hod va chi s6 octan ciia gasolin béng
cdch sir dung di€u kién van hanh khic nghiét. Trong trudng hop d6, chit nén hoat dong lam
tang d6 chuyén hod va chi s6 octan trong diéu kién van hanh mét cich vira phdi. Tuy nhién,
chit nén hoat dong ciing tao ra mot vai bat loi: lugng céc nhiéu, khi kho ting, cdc olefin
C; + C, ting, va do d6, din dén gidm do chon loc gasolin. Anh huéng ciia chit nén dén tdc
d6 chon lgc gasolin va sy tao céc duge thé hién trén hinh 3.30.

/' REY CREY
(a) as - /:
ao 1 F | L
/ usyY f REUSY

j/ /
':ff’ //

40 ?0 40
DQ chuyén hoa %k!)

Higu suat gasolin {%kI)

"\

HEUSY

Higu sudt cBc (%K)

Hinh 3.30. Anh hudng cia pha nén dén do choc loc gasolin va cée,

ky higu ddy: chat nén hoat dong, ky hiéu réng: chét nén khéng hoat déng, (2} hiéu
suat gasolin, (b} hiéu sust cdc (CREY: zeolit REY dugc nung)
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Céc két qua trén hinh 3.30 chi ra ring, d6i véi cdc chit xic téc cé pha nén hoat dong
thi d§ chon loc gasolin thdp hon va hiéu suét tao cc cao hon. D€ c6 mot chit xdc tic téi vu,
ngudi ta phai lya chon khéng chi pha nén ma cdn phai chii ¥ lua chon ti s6 zeolit/pha nén
mét cach thich hgp.

3.5.4. Anh hudng cta ti s6 zeolit/chat nén

Khi chuyén tir aluminosilicat vo dinh hinh (pha nén) dén zeolit tinh thé, d& chon loc
cia san phdm phan ing bi€n déi nhu trén hinh 3.31. Véi ti s6 zeolit/pha nén cao, 46 chon

Hiéu suét khi kho
(don v} quy udc)

LY

(%)

*€

L

Hidu suat Hiéu sut gasolin Hidu suat C,/C,

cdc(%)kl
S\

Hiéu sufit LCO
{%)ki

i
o

Hiéu suit SP day
336°C (%K)

12 i 1 ) 1

1] 2 &
Ti s6 zeolitfchat nén
Hinh 3.31. Anh hudng ciia ti s6 zeolit/ch4t nén dén hiéu suft sin phdm tai
d6 chuyén hod 60% (s6 lieu x4c dinh theo MAT).
Diéu kién thuc nghiém: xte tac/diu = 3, WHSV = 16,
nhiét d phén (ing 500°C, nguyén ligu 22,5°API/11,5 UOP K.
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loc san phdm ti€n ddn d€n do chon loc clia zeolit, trong khi d6 véi ti s6 zeolit/chat nén thap,
d¢ chon Ioc chit yéu quyét dinh béi pha nén.

N6i chung, khi ti s§ zeolit/chdt nén hoat dong thay d6i, ngudi ta nhan thady mét s6 dac
diém sau day: °

(a) Khi ham lugng zeolit khong d4i, ting hoat tinh ctia chit nén din dén su gia tang
hoat tinh xic tdc.

(b) Khi git hoat tinh chét xic tic khong déi, giam ti s6 zeolit/chit nén hoat dong dén
dén tang hiéu suit L.CO, c6ic va khi kho (C,), va gidm hiéu sufit san phdm ddy.

(c) Ti s6 olefin/parafin ciia LPG ting khi hoat tinh cfia ch4t nén tang va hoat tinh cia
zeolit giam.

(d) Khi ham lvong zeolit cao, hiéu su4t gasolin khong bi bién déi déng ké do hoat tinh
cta chat nén tang. Tuy nhién, khi him lugng zeolit thap, tang heat tinh cha chit nén din dén
d¢ chon loc gasolin tang va ham luong olefin trong gasolin ting (chi s6 octan cao hon).

Giira zeolit va chdt nén, Juén ludn xudt hién hiéu ung “hiép trg xic tac” (catalytic
synergism), nghia 12 hiéu suit san phdm trén xiic tdc gifia zeolit va pha nén bao gid ciing 16n
hon téng hiéu sudt san phdm trén zeolit va trén pha nén riéng 18.

3.5.5. Anh hudng cua chét phu trg
o Zeolit ZSM-5

Thém mét lwong nhé (1 + 3%) zeolit ZSM-5 vao chit xiic tdc FCC l1am ting gid tri octan
cla gasolin FCC va lam gidm mét it hiéu suat gasolin. ZSM-5 ¢é thé sir dung duéi dang cic
hat ri¢ng ré thém vao chit xic tic REY hoac dudi dang moét chat phu gia tron vao cic hat
xtic tac. ZSM-5 ciling c6 thé duoc sit dung két hop véi zeolit Y tang gid tri octan, nhu USY.

Céic s0 liéu MAT d6i véi chdt xic tdc zeolit thong thudng REY cé vi khéng cé chit
phu trg ZSM-5 duge néu 1én trong bang 3.12.

Tai mot do chuyén hod nhu nhau, chét xic tdc cé chat phu trg ZSM-5 tao ra khi kho
va hydrocacbon Cj, C4 nhiéu hon, nhung cé d6 chon loc gasolin thap hon. Tuy nhién, hiéu
sudit gasolin va alkylat tao ra chd céc olefin C;7, C,;~ 1a cao hon d6i véi chit xic tic cé
ZSM-5, chi s8 RON ciing cao hon. Hiéu su4t ¢6c cling tang nhe.

Cic két qua thir nghiém quy mé cong nghiép d6i vdi xic tic REY ¢é vi khéng cé chit
phu tre duoc trinh bay trong bang 3.13.

Cic 56 ligu thi nghiém cong nghiép ciing cho két qua tuong ty nhu sé liéu thir nghiém
vdi MAT. Ngoii ra, ¢6 thé nhan thdy, véi s6 lidu cong nghiép céc hiéu suit cée, LCO va san
phdm ddy 12 khong thay déi, hiéu suit i-C4 vd C; (H; + CH, + C,H, + C;H,) ciing nhu
MON ting hon. Tuy nhién, cdc s8 liéu cong nghiép gdn day ching t& khong c6 su gia tang
hiéu suit C, .
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A
Bang 3.12. Anh huéng cta chit phu trg ZSM-5 dén do chon loc sin phim
va gid tri octan cia gasolin

Chat xuc tac SuperD - Super D + 0,25% 25M-5 Sv sai khéc
Luong ZSM-5, % 0,0 0,25 -
Do chuyén hoa, %tt 728 72,8 -
Khi kho, %k 8,9 11,0 2,1
Cy . %t 7.3 10,4 3,1
Tong Co, %it 10,7 14,4 37
C, %t 6.4 7.7 1.3
Téng C,, %tt 17.0 19,7 2,7
Gasolin, %t 55,7 50,8 ’ {4,9)

RON 89,2 92,1 2,9
C8¢, %k 4.2 4,4 0.2
Gasolin + alkytat, %tt 785 80,9 2,4

Bang 3.13. Céc két qua thit nghiém cong nghiép

Chit xic tac REY {Filtro!) REY + ZSM-5 Su sal khic
D6 chuyén hoa 73,2 73.2 -
Gasolin {196°C, 90%), %tt 539 518 2.3
LCO (324°C, 90%), %tt 26,5 26,5 -
$4n pham day, %tt 0,3 0,3 -
Isobutan, %tt 51 54 -
n-Butan, %tt 1.4 1,4 -
Téng buten, %tt 7.9 9,0 -
Propan, %tt 23 2,3 -
Propen, %tt 6,2 7.0 -
Téng C,", %tt 2,4 2,6 0,2
Céce, %k 6,7 6,7 -
RON 87.3 83,0 1.7
MON 78,1 78,7 0.6
(R+M)/2 85,0 86,3 1.3
Gasolin + alkylat, %tt 78,8 79,9 1.1

Zeolit ZSM-5 cdi thién gid tri octan cha gasolin FCC, trong phan doan Cj - Cq ndng do
cdc olefin tang, trong khi d6, trong phan doan C; - Cj3 néng d9 clia cdc cdu tir ¢6 gid tri
octan thap lai giam.

Cdc san phdm tao ra do cracking cdc parafin 12 cic hydrocacbon c6 phan tir lrgng nho,
trong d6 ¢ cdc phan tir nim ngoai khodng nhiét dé soi cia gasolin, do dé, din dén viec
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giam hiéu sudt gasolin vi cling nhur viéc gia tang cic olefin nhe C;, C,. Néu nha may loc ddu
c6 cong doan alkyl hod thi cdc olefin C, - C, ¢6 thé dugc sit dung trong san xudt cdc alkylat
c6 gid tri octan cao. Thém cic alkylat vao gasolin ¢6 thé bu trir cho sy gidm bét hiéu sut
gasolin. Hon nita, zeolit ZSM-5 cling lam ting hiéu suft isobuten va isopenten, ching duge
st dung nhu 13 nguyén liéu cho sdn xuflt chét gia tang tri s& octan nhu MTBE (methyl
tertiary butyl ether) vd TAME (tertiaryamylmethylether). Cic thir nghiém & quy mé phong
thi nghiém va quy mé cong nghiép cdc chét xic tic chita ZSM-5 d3 chitng t6 riing, hiéu suit
gasolin giam khoang 2%tt Ung vdi sy gia tang 1 gid tri RON. Su gia ting cdc alkylat c6 thé
b trir cho sy hao hut hiéu suat gasolin. MON ciia gasolin ting khodng tir 20 + 50% sy gia
ting cua RON. MON ting 16n hon d6i véi gasolin cong vdi alkylat.

Cdu tric hinh hoc cia zeolit ZSM-5 ngén cén sy hinh thanh c4c san phdm mach vong
va da vong, cdc san phim nay thudng bi dehydro hod va polyme hod dé tao ra c6c. Do do6,
¢6¢ hinh thanh rdt it trén ZSM-5, ma chi tao ra trén chit nén va trén zeolit Y. Cac tinh thé
16n cia ZSM-5 12 tic nhan hiéu qui gia ting gid tri octan cha gasolin hon 1 cdc tinh thé
nho.

Zeolit ZSM-5 da dugc ttng dung thuong mat trong nhiéu nhd mdy loc ddu. Sir dung
chét phy trg ZSM-5 cho cong doan'FCC ¢6 mét s8 wu diém troi hon so véi chat xic tic FCC
chi chita zeolit Y, nhv sau: (a) nha mdy loc ddu cé thé dé dang gia ting gid tri octan cia
gasolin va san phdm olefin nhe; (b) chi trong thdi gian tir | dén 7 ngdy, ngudi ta cé thé xéc
dinh dugc gid tri octan mong mu6n, trong khi d6, véi chit xiic tdc Y c6 thé phai hang thing;
(c) su gia tang cdc sin phim olefin Cy va C, ¢6 thé ngimg trong mot tudn ké tir khi khong
thém ZSM-5 nira. Diéu d6 rat quan trong d6i véi trudng hop khéng ¢é nhu cdu vé khi cho
san xudt alkylat hofic cho hod ddu (polyme); (d) ZSM-5 ¢6é thé gia tang tri s6 octan nghién
ctru va mé to khi néng do clia ZSM-5 thép.

Tém tdt

Hoat tinh xic tde cita chat xic tdc FCC phu thudc rdt nhiéu vao 3 hop phdn tao nén
nd: zeolit, chdt nén va chdt phu tro xiic tdc.

Zeolit (REY, HSY) la pha tinh thé cé hoat tinh xiic tdc cao, gia tdng hiéu sudt gasolin
hodc gid tri octan, gidm hiéu sudt tgo céc va tao khi.

Pha nén (aluminosilicat, oxyt silic, oxyt nhém,...) cé hoat tinh xic tdc thdap hon, cé hé
mao qudn réng, c¢é dé bén nhiét va thuy nhiét cao, do dé, pha nén déng gép phdan quan
trong ciia minh dé tao ra dé bén mai mon, dé bén hoat tinh t6t cho chdt xic téc.

Chdt phu tro xiic tdc (ZSM-5, chdt gidm ngé déc...) c6 vai tré gia tdng gid tri sdn
phdm cracking theo hwéng mong muén (chi 56 octan, ham lugng olefin nhe...), gidm thiéu
tdc hai ciia cdc tdc nhdn gdy 6 nhiém trong nguyén liéu cracking, nhé vao tinh chat xiic tdac
chon loc hinh hoc va tinh chét hap phu chon loc ciia né.
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Chdt xic tdc FCC khong phdi 1a mét hén hop “co hoc” ciia 3 hop phdn néi trén, ma
thige chdt [a mét 1dp hop khd “déng nhdt”. Thiec vay, giita cdc hop phdn ludn luén cé su
hi¢p tro giita cdc tdm xic tdc va giita cdc phdn dng co bdn xdy ra trong hé dé dé tao ra
nhiing tinh chdt vdt Iy, hod hoc va xiic tdc vuot 1réi so véi su té hop cdng tink cha tang hop
phdan riéng ré.

3.6. Nghién citu hoat tinh xuc tac cracking

Cracking xic tdc 1a mét qud trinh réit phic tap. Viéc dénh gia hoat tinh cla mot chat
xic téc thudng gap rdt nhicu khé khan vi ngoai cdc phan dng cracking so cdp con cé nhiéu
phan ing thit cdp, bé mit chat xiic tdc lai bi “che chin” bdi mot “16p phi” céic lubn bign déi.
Hoat dé xic tdc bi suy gidm lién tuc theo thdi gian phan iing. Do d6, nhiéu khi cac s6 lieu
danh gid chat xiic tic & quy moé phong thi nghiém (PTN) va thir nghiém céng nghiép khong
phil hgp nhau.

Trong nhitng nim 70 cla thé€ ky trude, cic nha nghién ciiu da xay dung cadc mé hinh
vé suy gidm hoat tinh chét xic tic dua trén 1y thuyét toin hoc va cic phuong tién mdy tinh
manh dé€ xir 1y dinh luong céc dif liéu thuc nghiém. Nhe d6, ngudi ta 6 thé hidu & hon bén
chdt su suy giam hoat tinh chit xiic tde. Trong dé, ¢6 hai loai md hinh dugce thita nhan phé
bién nhat 1a:

- M6 hinh suy giam hoat tinh chét xiic tdc do sy hinh thanh c6c.

- M6 hinh suy gidam hoat tinh chit xidc tic theo thdi gian phan g trong dong (decay
model based on time on stream}.

3.6.1. Nguyén nhan suy giam hoat tinh xdc tdc

NGi chung, sy suy gidm hoat tinh xtc tic ¢ thé chia thanh hai loai: nguyén nhan hod
hoc va nguyén nhan vat ly.

Céc nguyén nhan vat 1y bao gém sy tu hop céc tdm xiic tdc, sy bit tic cdc mao quan,
tén thét (gidm) bé mat riéng... Cic chat xiic tdc thuong mai hoat dong t6t déu rat bén viing
trong cdc diéu kién van hanh cong nghiép. Didu niy ciing hoan ton ding v6i chét xiic tic
cracking, nh& d¢ bén vat 1y t6t ma chét xic tdc cracking cé thé 1am viéc trong nhiéu tudn
hodc nhiéu thing, .

Nguyén nhan hod hoc thudng phic tap hon, c6 thé chia thanh:

*» Ngé doc thudn nghich: do sy hip phu canh tranh clia cdc tap chit trong nguyén liéu.
Vi su héip phu 6 tinh chét thuin nghich nén su suy gidm hoat tinh do nguyén nhan nay ciing

¢6 tinh “thudn nghich”, nghia 12 c¢6 thé khéi phuc tinh chat xic tdc bang cich khir hap phu
chét ngé doc nhu théi khi nita, xir 1y nhiét...

* Ngo doc khong thudn nghich boi cdc tap chat trong nguyén liéu. Ngo d6c béi céc
kim loai trong cracking xtc tic 12 mét vi du dién hinh vé ng6 doc khéng thuin nghich. Sy
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suy giam hoat tinh ciia chit xic tdc do ngd doc bét thuin nghich khong thé phuc héi bing
cdc xir ly vat 1y hodc hod hoc.

® Ty ngd doc: la sy suy giam hoat tinh xic tdc do cic phan img mong muén xdy ra.
Day 1a nguyén nhan chinh cba su suy gidm hoat tinh cia chét xiic tidc cracking va do dé
ciing 14 1y do phit trién cdc dang thiét k& khdc nhau vé reacto vi thigt bi hoan nguyen chat
xlc tic cracking.

Hién twgng ngd doc chét xiic tdc cracking xdy ra do sy che phlt mdt “16p” vat lidu
“cacbon hod” trén bé mat va bén trong cidc mao quéin chét xic tdc. Vat lieu “c6c” dé 1a san
phim khéng mong muén. Thanh phdn hoa hoc clia c6c ludn bién d6i tir ti s6 H/C bing 2
giam ddn dén 0,3 + 0,1, tinh ch4t clia ¢6c ludn bién déi va phu thudc vio ban chit chat xiic
tac, ngudn nguyén liéu, diéu kién phan tng,... Ngudi ta phan biét sy tao cSc theo cac co ché
khac nhau.

1. Céc do cdn: duge tao ra do dehydro hod cdc phén cin khoéng bay hai clia nguyén
liéu (c6c Condrason).

2. Céc do tap chat kim loai: loai ndy duge tao ra do cdc tap chit kim loai trong
nguyén liéu badm vao bé mat chat xiic tdc, réi trd thanh cdc tam tao cbe.

3. Céc xiic tdc: duge hinh thanh do cdc qua trinh xic tic tao ra mot sé san pham vi
mdt 1y do nao dé (kich thude hinh hoc, kha nang khuéch tan...) phai ndm lai trén
bé mit Xuc tac.

4. Céc do nguyén ligu: mot s& nguyen liéu “khong kip cracking” dong lai trong céc
mao quan chat xic tac.

Su phan chia bén loai c6¢ nhur th€ khong cho ching ta biét nhitng dic tinh khdc nhau
gitra chiing, song, c6 thé bi€t dwoc nguén g6 xudt xit clta chiing. Vi du nhu & bang 3.14.

Biang 3.14. Nguon gdc ciia coc trén chit xic tdc FCC

Loai c8c (xudt phat tif) % khd) lugng chidm trong téng fugng céc
Condrason 5
Tap chét kim loai 30
Do nguyén lidu 20
Phan (mg xic tac 45

Tir bang 3.14 nhan thdy ring, phdn chil yéu cla c¢6ec duge tao ra 1a do cdc phan iing
xiic tdc. Mit khéc, chiing ta ¢6 thé nhin xét mot céch dinh tinh ring, su suy gidm hoat tinh
xidc tic 1a do sy hinh thanh c6c trén chit xtc tic. Tuy nhién, mot s6 ciu hot duge dat ra la:
c6 phai cdc 12 nguyén nhan duy nhit din dén sy suy gidm hoat tinh xic tde? Sy suy giam
hoat tinh dé 14 do mao quin bi bit tic, do che phu bé mit chit xic tic, do tré luc khuéch tan,
hodc do chinh ban than cic tam xic tac bi mit ddn hoat tinh.
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D c¢6 rdt nhiéu nghién citu duge dé xudt va thuc hién d€ tra 13i cic cau hodi dé. Song,
dén nay, ¢6 hai mo hinh mé ta sy suy gidm hoat tinh ca chét xuc tdc FCC dugc thira nhan
nhit. D6 1a: mé hinh tao ¢6c v mo6 hinh phin ing trong dong.

3.6.2. M6 hinh suy gidm hoat tinh xtic téc do su hinh thanh céc trén chét
Xxtic tdc (mo hinh COC, coke on catalyst)

M hinh COC duge Froment dé nghi (G. F. Froment, Stud. Surf. Sci. Catal. (Catal.
Deact.), 6:1, 1980) dva trén co s6 mé td dong hoc sy suy gidm hoat tinh xic tac. M6 hinh
nay 1a su don gian hod ciia mot thuc t& rdt phiic tap vé suy giam hoat tinh chét xic tic. Theo
Froment, trong qud trinh cracking, mét hydrocacbon don 1¢ X nao d6 bao gém phan tng
cracking X va phan g tao c8c. Gia sir, hoat tinh chdt xidc tdc cracking hydrocacbon X 1a
agc va hoat tinh tao ¢&c la ac, thi téc do phan (ing cracking X va phéan 1ing tao c6c 1a:

dCyc

dc
va —dtgzk‘é.ac (3.11)

trong d6: Cyet n6ng d¢ clta hydrocacbon san phim;
Cc: lugng céc¢ hinh thanh trong phan ing; ‘
e » k¢ hing s6 (t6c d6 phan fng cracking va tao c6c tuong Ung tai thoi diém
t = 0, chua tao ¢c6c¢).
aye va ac 12 cdc ham s6 kinh nghiém phu thudc vio mo hinh lva chon (sao cho céc s6
tiéu thuc nghiém phit hop véi dudng cong mo phdng). Ching han, ngudi ta ¢6 thé cho riing,
hoat tinh cracking va hoat tinh tao ¢dc¢ déu phu thude vao su tao c6c bé mijt.
ape = eXp(—0ucCe pm) (3.12)
ac = exp(—acCe pm) (3.13)
trong dé, ayc, o, cdc hé s6;
C. bm: ham ltrong c8c bé mat (lugng cbe tinh cho don vi bé mat).

Thay (3-12) vao (3-10} va (3-13) vao (3-11) va tich phan s& nhan duge:

Qe
Ce =—Inl + o ckt) (3.15)
xe

Cic phuong trinh (3-14) va (3-15) mé ta sit suy giam hoat tinh cracking va sy hinh
thanh cdc dua trén mé hinh tao céc bé mit. Tir cdc phuong trinh d6, bing cach 16 chitc cdc
thuc nghiém cdn thiét, ching ta cé thé biét duge sy dién bi€n clia hoat tinh xdc tic vh su
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hinh thanh c6c trong qua trinh cracking.

Tuy nhién, mé hinh COC nay khéng néi lén dugc ban chét phic tap chia c6c 1am suy
gidm hoat tinh clia chat xiic tic. Mit khéc, viéc xdc dinh c6c 1a vin d€ khong dé dang, mit
nhiéu thdi gian va dé sai s6. Do d6, mé hinh COC it dwge ing dung trong thire t€. D sao,
phuong phip ciia Froment ciing 12 sy déng gép ddu tién c6 gid tri trong viec mo ta sy hinh
thanh céc trén chét xiic tic cracking.

3.6.7. M6 hinh suy gidm hoat tinh xic tdc theo thdi gian phan tmg trong
dong (time on stream, TOS)

D¢ tranh nhiing khé khan gap phai khi sit dung mé hinh COC, ngudi ta dua ra mot s&
quy luat nh4t dinh trong qu4 trinh phan ting. Chang han, hoat tinh chat xdc tic (a) phu thuée
vio thot gian phan ing trong dong t va theo quan hé tuyé&n tinh:

a=a,— At (3.16)
hozc BLE 3.17)
dt
A: hiing sé.
hodc duéi dang phu thude bac 1.
da .
-—=Aa 3.18
& ( )
a=a_exp(—At) 3.19)
hoidc phu thudc & dang bac 2:
LIV (3.20)
dt
1
- =~1-+At 3.2
a a

()

hodc dudi dang phu thu¢c khdc nhu Blanding (F. H. Blanding, Ind. Eng. Chem., 45:1186,

1953) va Voorhier (A. Voorhiers, Jr. Ind. Eng. Chem. 37:318, 1945) d4 sir dung.
1

98 _ pAZ,(Be0rB (3.22)
dt
1 1/B
[—] = const, + const,(t) (3.23)
a
B: héng sé.

T4t ca nhimg dang phu thudc néi trén da dugc 4p dung thanh cOng trong mot s6
truding hop cu thé. Piac biét, dang ham mii (3.19) di duge dp dung cho m6t mé hinh cracking
xlic tdc v8i cdc két qua nhan duge khd hop 1y.
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U6 thé 8 hop cdc ham “suy gidm hoat tinh™ néi trén trong mot dang téng quét cla ly
thuyét TOS (H. Heinemann, Ind. Eng. Chem. 43:2098, 1950). Ly thuyé&t d6 cho ring, hoat
tinh cia mot chét xiic tic ¢6 lién hé tryc tiép véi néng do céc tam hoat déng xiic tic, C, trén
bé mit chat xic téc.

-2 =kl +k|4Cg +k5yCE + . +k'_CD (3.24)

Phuong trinh (3.24) bao gém céc dang suy gidm hoat tinh khdc nhau nhu do ngod doc
xtic tdc, do cdn trd khuéch tdn... duge biu dién bdi céc s6 hang chita hAim mi khic nhau, vi
v6i gia thiét rang, cdc qud trinh d6 xay ra déng thai.

Trong phuong trinh (3-24) ¢6 mot gid thiét quan trong 12: su suy gidm hoat tfnh khong
phu thuge vao ndng d¢ clia chdt tham gia phin tng va ctia san phdm phan @ng. RS rang gia
thi€t d6 ndi chung khong thuc t€. Song, ngudi ta cho ring chat tham gia phan itng va sin
phdm phan tng déu tham gia vio qui trinh ngd doc xic téc véi mic d6 dang ké nhu nhau.
Néi chung, phuong trinh (3.24) m6 ta khd tét céc két qua thuc nghiém, ké ca nhing trrong
hop kha phue tap.

Phuong trinh (3.24) ¢6 thé dugce viét duéi dang 6:

trong dé, Cg: s6 tam hoat dong;

Cq,: s tdm hoat dong ban ddu;

trong d6, k 4 = k;ndCQ_l :

Phuong trinh (3.25) ¢6 thé viét dudi dang don gian hon:

dd
—-—=k,0m 3.26
ar o d ( )

vdi gid thi€t m 12 cdc gid tri khéng tich phan (nonin tegral values).

Tich phan phuong trinh (3.26), ching ta thu duoc:

;W
6= .
(1+th (327

trong do, G=(m- 1)k,

N=—1—.m¢l
m_

Phuong trinh (3.27) duge dp dung khéd thanh céng cho nhiéu dang phan ing cracking
va dehydro hod, va la co s& d€ gidi thich cdc tinh chét cha chét xiic téc cracking. Dic biét,
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n6 cung cidp nhitng hiéu biét cdn thi€t vé do chon loc clia céc chit xidc tic bi suy giam hoat
tinh mot cach nhanh chéng.

3.6.4. D¢ chon loc sdan phdm trong phadn ung cracking xtic tdc

Trong phan ting cracking, hoat tinh chdt xtc tdc thudng bi suy gidm rdt nhanh, do dé,
30 chon loc san phdm phan \ng 1a mot van dé kha phiic tap, khé nhin biét bing truc gidc. Vi
th€, ngudi ta thudng dé bi nhdm 1in khi ddnh gid vé d6 chon loc sin phim phan ing
cracking.

P¢ hiéu van dé mot cdach ddy du hon, ching ta cdn biét ring:

- Tai mot d6 chuyén hoa nhit dinh, do chon loc thyc nghiém phan dng cracking luon
phu thudc vio kiéu reacto.

- Trong mot reactd ¢6 16p xic tic 8n dinh, dd chon loc thue nghiém tai mét d6 chuyén
hoé nhét dinh phu thudc vio téc d6 khéng gian va ti s6 chit xiic tdc/diu.

Céc nhan xét d6 13 hoin toan ding vdi bit cir chit xdc tdc nao: bi suy giam hoat tinh
chon loc hay khéng chon lge trong phan ing cracking.

3.6.4.1. D6 chon loc sdn ph&m trong céc reacta ¢é Idp xdc tac 8n dinh

Bay gid, chiing ta xét moét phin iing xay ra theo mét so 46 don gian:

A—>B—>C
dé minh hoa cho sy bi€n d6i dé chon loc san phdm khi phan dng cracking xay ra trong mot
16p 6n dinh clia chat xdc tdc.

Néu sy suy giam hoat tinh xay ra chim so vé&i thai gian ti€p xidc cia nguyén lidu trong
reacto, thi mbi phin nguyén liéu qua 16p xic tdc duge xem nhy ¢6 ciing mét d6 chuyén hod.
D6 chuyén hod ctia phin nguyén liéu dé phu thudc vio hoat tinh xic tdc twong tng. Céc
phédn nguyén liéu tiép theo s& c6 do chuyén hod ddn din thap hon vi chét xde tdc bi suy gidm
hoat tinh ddn dan.

Néu chiing ta xét cho mot so dé don gian hon

A—B
thi ¢6 thé biéu dién t6c d6 phan Gng cho bit ¢ mot phidn nguyén liéu ndo, nhu sau:
_da =k'CsCp (3.28)
dt
trong do, Cg: néng d6 tAm xic tdc;

C,: néng do6 cha chit A (nguyén lidu);
7 : thoi gian tiép xic;
t = bPY (3.29)
véi, b hé s6 (phu thude don vi do);

144



ty: thoi gian thyc hién phan iing;
P: ti s& chat xiic tac/nguyén ligu.
Tich phan phuong trinh (3.28), chiing ta nhan duge:

C
A =1 - X, = exp(-k'Cgr) (3.30)
CAo
trong d6, Ca: ndng d6 tire thdi cha chat A;

Cao: n6ng d6 ban ddu cia chit A;
X4: do chuyén ho4 ciia chat A;
. thoi gian tiép xiic.
Phuong trinh (3.30) Ia bi€n thién do chuyén hod tifc théi ciia phin nguyén litu da dugc

cracking. D€ nhan dugc gia tri trung binh cla phin nguyén liéu di chuyén qua lép xic téc
trong khodng thdi gian trong dong tir 0 dén t;, chiing ta thuc hién:

Xa -1 [X pat (3.31)
te o
thay phuong trinh (3.27) vao (3.30) va (3.31), nhén duoc:
X, = 1-— jexp[ ko(1+Gt)™ 1)]dt (3.32)

trong d6, k, = k’Cg,,.
cdc ky hiéu G, N, 1, t; nhu trude day.
Thay (3.29) vao (3.32):

Xy = 1-— jexp[ k (1+Gc)*N(thf)]dt (3.33)

Nhu vay: X, =fky, G, N, b, P, t;) (3.34)
Trong phuong trinh (3.34) k,, G, N va b la nhitng tham s6 khéng déi dic trung cho
mbi mot hé nghién ciu, trong khi d6 P va t; 13 ciic bién s6 thuc nghiem.

"Dé nghién ciu mét phan ing, ching ta phai thay déi ca P va t; hoac dua theo phuong
trinh (3.29), ¢6 thé thay déi bt ky 2 trong c4c bi€n s6 1, P va ty. Thoéng thudng, ngudi ta hay
ti€n hanh thuc nghiém theo céch c6 dinh P va thay d6i t (va do d6, thay déi t;) trong mét
khoang thuc nghiém cho phép. Sau d6, chon mot gid tri P khic va lai thay déi 1.

Trong mét loat thuc nghiém nhu thé tng véi mot ti s6 chat xde tic/ddu khong déi,
chiing ta s& tim dugc quan he X, = Xg cho phén ting ¢6 co ché don gian dang xét.

Vi X, + Xp = 1 do dé n€u 1ap mot bi€u d6 biéu difn quan he X v | — X, thi s&
nhin dugc mét quan hé tayé€n tinh. Diéu d6 hoin toan d& nhan th4y, tham chi bing tryc gidc.
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Tuy nhién, vn dé s& tr& nén phic tap hon néu chiing ta trd lai v6i so d6 phan ing:

k k;
A—>»B — C
3 dcC ,
Ta c6: -—A = k] CSICA (3-35)
dt
\ dC ' s
Vi d—B = kl CS]CA - kz CS2CB (336)
1
Giai cdc phuong trinh vi phan (3.35) va (3.36) ching ta dugc:
C
A =1~ Xa = exp{—k]Cq 1) (3.3
CAO
Cg kiCgi
=Xg="—7r—--—"7-""2— -kiC - -k4C 3.38
Chr~ “BTIC, —kICq, exp(-k{Cg; ) —exp(—k5Cg, )] (3.38)
v
Cc
=Xe=1-X, - X5 (3.39)
Ao

Dua vao phuong trinh (3.27) va dinh nghia 6 = Cg/Cg, dé tinh Cg, thay vao cédc phuong
trinh (3.37) dén (3.39), trong d6, t 12 thdi gian phan tUng trong dong, Cg; 12 néng d6 cic tam
xiic tic cho phin ing 1 va Cg, - cho phan Gng 2. Hai loai tAm d6 c6 néng d¢ khac nhau v
tinh chit suy giam hoat tinh khdc nhau:

Cs1#Csy
8, =(1+Gt) N 28, = {1+ G,t) N2 (3.40)
Tir cdc gia thiét nhu trén, ching ta ¢6:
Xg =fi(k 0.k2.G;,.G5, N, N,,b, Pyt ) (3.41)
X =f3(k19.k20,G1, G5, N;, N5, b, Pot ) (3.42)

Cidc két qua tinh todn mé phdng bang mdy tinh d& ching to ring, trong diéu kién 16p
xic tic 6n dinh, ngudi ta khéng phan biét mot cdch rd rang gia 2 trudng hop suy thoai hoat
tinh chon loc hay khong chon loc. Do d6, chiing ta khio sdt do chon loc chi trong trudng
hop chat xiic tdc bi suy giam hoat tinh khéng chon loc (G =Gy =...,N; =N, =...))

Lap d6 thi biéu dién quan he Xy va X véi toa do (1 - X A ) nhu trén hinh 3.32 va
3.33 ting v&i cdc trudng hop N > 1 (loai I), N =1 (loai IT) va N < 1 (loai III).

Sau day, chiing ta xét cho trudng hgp chit xtc tdc 1am viéc trong trudng hop II1. Cic
truomg hop I va I ciing duge xem xét tuong tu.

Trude hét, chiing ta thdy rang, ¢6 cdc dudng cong gidi han bao gbm cdc gid trj P
khong déi (vong ding P, constant P loop) va viing ding P t6i wu dwgc ky hiéu OPE
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(optimum performance envelope) va ving ding P t6i thifu MPE (minimum performance
envolope). Hai dudng cong ding P nay xdc dinh hai giéi han cho phép cia d¢ chon loc. Giira
hai dudng cong OPE va MPE 1a mién thuc nghiém cho phép, véi diéu kién 13: méi mét di€m
trong mién d6 chi dai dién cho mot két qua riéng duy nhit cho mot tap hop céc diéu kién
phan ng. Khong thé c6 hai tap hop diéu kién phan ing khic nhau cho cing mét diém két
qua trong ving dé.

Hinh 3.32. D6 chon loc 1y thuyét cta sin phdm C trong phin tng A > B — C
d6i v6i chdt xdc tdc (a) loai I, (b) loai II va (c) loai II1.

(N=-1—,m¢l;N>1khim>2;N=1khim=2v?aN<lkhim<2)

m-1
1‘ |
oL Tang P et 7 ,TingP
// % g /
— A z OPE g B9 chon loe
X, B¢ chon loc Xg han diu OPE
han d4n Y .
Tang b T T T/; t
. n
Vung dang P “"~mre I
o . " - 0 ~ [N*] o
a) Xa b) X
I
1o , TanaP
B8 chanloc 27
Eﬂ han dau OPE
-
/ Tang 4
N wre i -
o — l-o
¢) X

Hinh 3.33. Do chon loc 1y thuyét ciia sdn phdm B trong phan iing A > B - C
doi véi chit xiic tic (a) loai I, (b) loai IT va (c) loai IIL
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Néu xét céc diém nim trén dudmg thing ¥ng véi mot do chuyén hod khéng d6i, chiing
ta nhan thdy ring, c6 thé ¢é cdc d6 chon loc khic nhau cho mét san phim nao d6 bing cdch
chon cic diéu kién phan iing khic nhau. Vi du, tai thoi diém cha thdi gian trong dong rét
ngin, d0 chon loc ctia B (X ) va cla C (X ) déu ném trén OPE (nhu trén hinh 3.34). Trong
khi d6, tai thoi diém thdi gian trong dong dai, ¢ X va X déu & MPE.

Tit hinh 3.34 ¢6 thé nhén thdy rang, ti s6 X /Xg luén thay déi theo t;. Thuc vay, khi
t; tang, tai mot do chuyén hod nhét dinh (a = 1 — X, ) thi X ting (diém X (1;,P) di lén),
cdn Xp gidm (diém Xg (t;,P) di xu6ng). N&u chiing ta tién hanh mét loat thye nghiém véi P
va t; thay d6i va giit nguyén d6 chuyén hod (o = 1 — X, = const, dudmg chdm chim & hinh
3.34) thi chiing ta s& nhén duge sy bi€n déi X /Xg nhu trén hinh 3.35.

l,nhé

|
i
1
OPE |
B
1
|
|
|

M|

t Ion

I-X&

Hinh 3.34. Do chon lgc san phdm cia phan ting néi tisp A - B> C
trong trudmg hop xic tac loai III.

[

Ving théi gian trong dang rat ngén
Ving thye nghiém

t; , P thay 44,

[
} X, khong d6i
|
:
}

Ving khéng nghién ciy

[ N\

]

Y
Hinh 3.35. Anh hudng cla thdi gian trong dong (TOS) dén ti s6 hicu sust
san phdm tng v&i mot 46 chuyén hod khéng d6i ctia phan ing A > B — C.
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Tir hinh 3.35 nh4n thdy ring, trong mién thoi gian trong ddng t; rét ngin va mién thoi
gian thue nghiém thong thudng ti s6 X /Xy luon luon tang.

Su gia tang cba X so véi Xg, 13 rang 12 khong phii do sy ngé doc chon loc ciia e
tam xic tac, vi ching ta da chon trudng hgp G, = G, va N| = N,, ma chinh 14 do ban chat
clia sy tao thanh san phim theo cdc quy luat dién bién trong dong:

Xg = fi(ki0, k.G, N, b, P, 1) (3.43)
X =f5 (k1o kz9,G, N, b, P, 1) (3.44)

(3.43) va (3.44) dugc suy tir (3.41) va (3.42), tuong tng. '

Do d6, trong nghién cttu xic tdc, ching ta thudng dé hay ngé nhan cho ring, cdc két
qud nhan duge nhu trén hinh 3.35 12 do s ngd doc chon loc cha cic tAm xuc tic tao ra san
phim B ma khong suy xét vé quy tuat dién bién phan ing trong dong.

Tir cdc sy xem xét trén c6 thé din d€n mot két lvan quan trong 1: cde reacto loai lop
xtic tdc on dinh khong thé cho nhitng két qud thuc nghiém néi lén su suy gidm hoat tinh xic
tdc do hién tudng ngd diéc chon loc cdc tdm xic tdc.

3.6.4.2. B6 chon loc sén phdm trong céc reactd cracking xuc tac & trang thai
Iuu thé - reacto thuong mai
Céc két qua thuc nghiém vé d6 chon loc san phdm cracking trong céc reacto lép xic
tic én dinh khong tring véi cic két qui trong céc reacto lién tuc, véi hé hat xic tic & trang
thdi luu thé chuyén déng.

D€ lam sdng b diéu d6, chiing ta xét trudng hop mot hé hwu thé 1y tudng gém céc hat
va dong chét phén ng duge trén 14n hoan hio. Trong mét reacto nhu thé, thdi gian lru clia
hat xic tidc duge xdc dinh:

E(1) =%exp[—%} (3.45)
trong 46, t 1a thai gian trong dong clia mot hat xiic tic riéng ré;
t 13 th¥i gian luu trung binh clia tat ca cic hat xic tc, tuong ing véi t; trong
phuong trinh (3.29).
Mat khéc, tai mot thai diém t, hat xdc téc c6 hoat d6 xiic tic tuong img:
koB = ko(1 + GO (3.46)
trong d6, k, dugc goi 1a “hing s6 t6c d6 ban ddu”;
ko9, dugc goi 12 “hing s t6c do” tai thoi diém t bdt ky.
Hiéng s6 t6c d6 trung binh ciia hat:

o€

k= J’k,,(1+Gt)*N1exp[—§]dt L _[Mdt (3.47)
b t t t o (1+GON
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Néu su suy giam hoat tinh 12 khong chon loc, mdi mét hing s6 t6c d6 trong mot hé
phan iing s& bién d6i theo mét quy luat nhu nhau theo phuong trinh (3.47). Trong trudng hop
d6, hiéu sufit trung binh X va X trong phan ting A = B — C s& nhan duge nhu & phitong
trinh (3.37), (3.38) va (3.39) véi kCg duoc thay thé bai k.

X, = exp(-k1) (3.48)
Ko o Kot —exp(-K
Xp= expl—k,t—exp(~k,1) (3.49)
ko —kip

Ngudi ta di chitng minh ring, cdc diém tao ra tit cic phuong trinh (3.48) dén (3.50)
déu ndm trén dudng OPE ciia cdc diém thudc cic phuong trinh (3.37) dén (3.39). Nhu vay,
mot hé xidc tde & trang thdi lwu thé ly tudng luén luén hoat dong & ch€ d6 OPE khi sy suy
giam hoat tinh 14 khong chon lgc, va ca chit xtic tdc, nguyén liéu déu duge tron 14n trong
dong moét cich hoa hdo.

Khi ché d¢ tron an khong dat dugec mic d9 1y tudng thi dua theo mé hinh trén, d6
chon loc san phém c6 thé dich chuyén tir dudmg bi€u dién OPE viio mién duge phép bén
trong dién tich OPE va MPE. Muc d6 trén 14n cang kém thi cde diém két qua (do chon loc)
cang ndm bén trong dién tich OPE va MPE.

Vi trang thdi luu thé cta céc hat xiic tdc 12 mot mo hinh 1y tudng, do dé ciing khong
dé dang thuc hién trong moi diéu kién. Nhiéu khi, ngudi ta st dung cdc reacto ¢6 hé xiic téc
& trang thai dong (tdng s6i én dinh), dong chit tham gia phan dng va sin phdm phan dng dé
dang dat dén ché dé t6i uvu.

Trong céc reacto, thay déi P va t nhung giff nguyén t, ngudi ta c¢6 thé nhan duge
dudmg cong d6 chon loc san phim & t = const trong khoang d6 chuyén hod che phép. Néu
sy suy giam hoat tinh xdc tac 1a khéng chon loc thi dudng cong chon lgc san phdm s€ trung
v6i dudng OPE cia hé xdc tdc 6n dinh, véi bit cit gid tri t nao. N&u sy suy giam hoat tinh
cha chét xuc téc 12 chon lgc thi dudng cong chon loc sin phdm cracking trong reacto ¢6 hé
xtdc tde dong s& khdc nhau véi cic t khic nhau.

Viéc nghién cttu d6 chon loe sdn phdm trong reacto ¢é hé xiic tic dong rét ¢6 ¥ nghia
dé phan biét sy suy giam hoat tinh 13 chon loc hay khéng chon loc.

St sai khdc vé do chon loc sdn phim giita reacto I9p xiic tic 6n dinh va reacto ¢é chat
xic tdc trang thdi chuyén dong 12 khé 16n, va do 46, nhiéu khi din dén cic két luan va giai
thich khéng hgp 1y. Tuy nhién, hdw hét cdgc thi nghiém xdc tic cracking & cdc phong thi
nghiém hién nay déu thuc hién véi thai gian trong dong rit ngin; do d6, déu dat d&n do chon
loc sdn phdm t6i uu tai OPE. Diéu d6 tao ra mot khé ning thuc t€ ddnh gid cic chét xiic tac
thuong mai, mac du ching ta chua hiéu mét cdch tudng tan céc “hanh vi” cla chat xtc téc
trong qud trinh phan ng.
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3.6.4.3. Xac dinh hoat tinh chét xuc tac cracking quy mé phong thf nghiém
(PTN)

Hoat tinh xtc tdc, su tao cdc va tao khi 1a cdc tham s6 quan trong khi dénh gi4 tinh
chit xic tdc cia mot chét xuc tic.

Hién nay & quy mo PTN ngudi ta thudmg sit dung thi&t bi MAT (micro activity test) dé
dédnh gid hoat tinh xiic tic. So d6 thiét bi nhu trén hinh 3.36.

Bom i - ranh

N, lam aach

L .
% e

M3y khi sdn phdm

¥
Xic Lac 43 s dung 1 May
phan tich Leco 38 x&: dinh ofic

Lam lanh ! Thu kbl
Sdn prim Mng b ki ky kil 38
phan tich hydmocacbon vh chung

phing

cmd

» My iinh |

- G0 bling vl chl

- Higu 50t

- Hogl linh

- T phdin kW, 1ae nhan cdc

-HJCH,

Hink 3.36. So d6 thiét bi MAT.

Chét xiic tic m&i hodc di lam viéc (chat xidc tdc cin bing) duge dua vio reacto 1.
Chat xiic tic can bang dugc 1am sach c6c (d6t chdy trong dong khong khi) trude khi do hoat
tinh xic tdc. Nguyén liéu cracking dugc dua vao binh 2, nhd bom ddy dang xy-ranh
(syringe) dira nguyén liéu gas oil vao reactg 1. Nguyén lién duoc gia nhiét bing lGp vat liéu
hat thach anh, sau d6 qua 1ép xtc tic. Hon hogp nguyén liéu chua cracking va san phdm
cracking di vdo binh 4. Tai d6, mét s6 hydrocacbon c6 di€m s6i cao bi ngung tu do lam lanh
(sdn phdm léng), phdn con lai khong ngung tu di qua binh 5. Trong binh 5, c6 mét dung
dich mudi (d€ 1am gidm do tan cha khi) duge gilt & mot 4p suét can bing nhét dinh. Khi dp

151



sudt khi trong binh 5 16n hon 4p sudt can bing thi chét 16ng vao binh 6. Do lugng chit 1ong
thu duge, chiing ta bi€t lugng sin phdm khi tao ra trong qua trinh cracking. Tai 7, miu sén
phdm khi dugc dua dén sdc ky khi dé phan tich thanh phdn hoa hoc. Thanh phén sin phdm
khi, sin phim Iéng va lugng c6c tao thanh tir xiic tic di 1am viéc duoc phan tich. Cic s6 liéu
duge chuyén dén mdy tinh dé xéc dinh can bing vat liéu, hiéu suit san phim: hiéu suat
gasolin, c6c, san phdm khi, cdc khi Hy/CH,...

Chat lugng nguyén ligu, nhiét dé phin fng (reacto), ti s& chét xdc tic/ddu va t8c do
khéng gian la 4 tham s& quan trong anh hudng truc ti€p d€n két qua cha MAT.

Céc nha san xuat ¢ thé sir dung cdc diéu kién sau thyc nghiém sau day dé danh gia
chit xtc tdc (bang 3.15).

Bang 3.15. Cic dién kién thi nghiém MAT

Hang sdn xudt | Nhiétdé | Tiséxic | WHSV,h™' |  Thdi gian Ngudn Kidu reacta
x0¢ tac {°c) tacidiu phdn ihg t, s | nguyén ligu

Davison 527 4.0 30 30 {1 Béng nhigt

Engelhard 488 5.0 15 48 (2) Bing nhiet

(1) Gas oil nang, chua nhéap khau.
{2) Trung c4n doéng.

Nhur ching ta thdy & muc 3.6.4.1 va 3.6.4.2, khi cic thir nghiém xdc téc trong reacto
16p xtic tdc 6n dinh duge thuc hién véi thai gian trong dong rit ngén thi cdc gid tri dé duge
déu nam & ch€ do OPE va c6 thé tuong ty nhu duge do trong ch€ do chat xic tdc & trang thai
Iru thé, do d6, cdc thiét bi MAT duge st dung rong réi khong nhiing & cdc phong thi nghiém
nghién ciru xic tdc cracking ma con duge sir dung & cdc phong thi nghiém cia cdc nhi mdy
loc ddu.

Su sai léch giita s6 liéu MAT va s6 liéu cong nghiép thudng do phdm chédt nguyén lién
ban d4u khic nhau va do su xdc dinh ham lugng céc trong phuong phap MAT cé d6 chinh
xdc khéng cao.

Do dé, ngudi ta dua ra mot khdi niém vé hoar tinh déng dé danh gia xiic tic cong
nghiép tir s& liéu cia MAT mét cdch phit hop hon.
Po6 chuyén hod bac 2
Hiéu sudt c6c, %kl

Hoat tinh dong = (3.51)

trong 46,
Do chuyén hod MAT, %tt
100 — D6 chuyén hod MAT, %1t

Vi du: d¢ chuyén hod MAT clia mét chit xiic tic 13 70%tt va higu suft céc 13 3%Kkl.
Ta cé:

D6 chuyén hod bc 2 = (3.52)
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70 70

D¢ chuyén hod bdc 2= ———=— =
100-70 30

2,33.

Hoat tinh déng ciia chét xiic tic 1a: Ay = 3%0—3 =0,78.

Hién nay, trong phi€u chao hang bén chat xiic tdc, cdc nha sdn xuit ciing di gidi thidu
56 liéu vé hoat tinh déng A, dé cdc nha loc ddu tham khio.

Tom lai, cracking xic tdc ld mgt qud winh rat phic tap. Trong qud trinh cracking,
hoat tinh chdt xic tdc lubn bi suy gidm. Su suy giam dé la do su ngé déc thugn nghich va
khéng thudn nghich ciia mét 56 tap chdt cé trong nguyén lidu cracking, do syt che phii ciia
cua céc, do ngé déc béi cdc tdm xic tdc trong qud trinh phdn ing, Si suy gidm dé dwoe thé
hién bdng mét trong nhimg mé hinh phé bién nhdt 16 mé hinh "suy gidm hoat tinh trong
dong”.

Duya vao mé hinh 46, chiing ta cé thé nhén thdy réng:

» Cdc sdn phdm so cdp cia phdn ing cracking luon ndm trén ducng thing di qua géc
tog d¢ cita d6 thi "hi¢u sudt sdn phdm - d¢ chuyén hod", trong khodng d6 chuyén hod thdp.

o D& véi cdc reacta 6p xic tde on dinh, khi thoi gian phdn iing trong dong nhd, dé
chon loc sdn phdm cracking luén nhan duge & ché dé 161 uu OPE.

e Doi vdi cdc reacto xiic tde ma chdt xiic tde & trang thai luu thé, dé chon loc sdn
phdm luén luén dat dén 161 uu, nhu & ché’ d¢ OPE cila reacto - 16p xic tac 6n dinh voi thoi
gian trong dong ngan.

o Cdc 56 liéu ddnh gid hoat tinh cia chdt xic tdc & quy mo phong thi nghiém bdng cdc
reacto Idp xiic tdc on dinh MAT nhdn dugc J thoi gian trong dong ngdn ciing c6 thé duoc sit
dung dé lua chon kiém tra va theo déi tink chdt xic tdc ciia cde chdt xic tdc thuong mai.
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CHUGONG 4
CONG NGHE QUA TRINH CRACKING XUC TAC

4.1. M& ddu

Cracking xiic tdc pha lvu thé FCC (fluid catalytic cracking) 12 mét qué trinh chuyén
hod gas oil chung cét tryc ti€p duéi dp suit khi quyén, gas oil chan khong, mét s6 dau can
va ddu ndng cua nhiéu cong doan khdc nhau trong nha may loc ddu dé tao ra gasolin c6 gis
tri octan cao hon, ddu d6t va cdc khi giau olefin nhe. Dic diém cha qud trinh FCC la: vén
ddu tu tuong d6i thap, hoat dong 1au dai kha n dinh va khd da dang (nghia 1a nha mdy loc
ddu c6 thé diéu chinh hiéu sufit cdc sin phdm theo nhu cdu thi trudng bang céch thay déi cic
tham s& vin hanh. Gasolin ctia FCC ¢6 gia tri octan khi t6t. Ngoui ra, céc gasolin d6 con
dugc bé sung céc alkylat san xudt tir cdc khi gidu olefin. Cic alkylat cé gid tri octan khi cao
va d¢ nhay octan khi t&t.

Trong mot he théng FCC dién hinh, cdc phén iing cracking déu duoc thue hién trong
mot reacto 6ng ding (vertical reactor riser), trong riser (raizo) mot dong nguyén liéu 1éng
duge ti€p xiic vdi chét xiic tic néng, dang bot. Nguyén liéu (gas oil) bi hod hoi va cracking
thanh cdc san phdm nhe khi di chuyén tlr dudi 1én phia trén reacto va mang theo chit xic tic
bot. Cdc phan ng xay ra rit nhanh chi trong vai gidy, déng thdi ¢d¢ ciing duge hinh thanh,
bim vao bé mat chat xic tic 1am cho hoat tinh xdc téc giam ddn. Chét xic tdc da tham gia
phan éng va cdc san phdm cracking dugc phan riéng. Chat xidc téc duge chuyén qua thiét bj
hoin nguyén dé d6t chdy c6c va phuc héi hoat tinh xic tic. Sau d6, chét xdc téc lai duge
chuyén dén ddy cla reacto 6ng ding dé ti€p tuc thyc hién mot chu trinh cracking xiic tic
tiép theo. D€ dat duge mot quy trinh hoan hio nhir trén, cong nghé cracking xiic tic phai trai
qua bao nhiéu thoi gian thir thich, ci ti€n vi hoan thién din.

* Mot vai nét vé lich si phdt trién cong nghé FCC

Cracking xie tdc bit ddu phét trién trong nhitng nam cudi ciia thap ky 30 thé ky truée.
Trong thé chién thit II, do yéu cdu quéc phong cong nghe niy duge uu tién phdt trién dic
biét, hon 30 co 58 cracking duoc x4y dung va hoat dong.

Phan xudng FCC quy mé cong nghé ddu tién duge dua vao van hanh & My thang 5-
1942 theo mdu thi€t k€ s6 1 (khong gidi thiéu & day). Mau ndy nhanh chéng duge thay thé
boi miu s6 2 (hinh 4.1).

So dé nay goém mot reacto dang thiing rong duge dat gdn mit sin va mot thiét bi hoan
nguyén chat xidc tdc & vi tri cao hon reacto mét it. Chét xdc tac v hydrocacbon duge hod
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hai di vao reacto ¢6 16p xtic tic 6n dinh. Cic van diéu chinh duge 14p dat & nhiéu vi tri khic
nhau trong hé théng dé duy tri 4p sudt thdp hon trong thi€t bi hoan nguyén so vdi reacto.
Thue t€ cong nghé di chiing t6 ring, mic dit d6 chuyén hod cia cdc san phdm cracking xiic
tdc ndy vin con thdp (40 dén 50% thé tich 16ng, %LV: % liquid volume) nhumg phdn 1én cédc
phan g cracking di xdy ra trong mot khodng thdi gian ti€p xic rit ngén gifta xic tic va
hydrocacbon.

Khi xa sau
hoan nguyén

Xyclon da cép
Thiét bi hoan

Nai hai tan
dung nhiét

Dén thiét bj phan
doan chung céat

Reactg
Thiét bi )
thu héi bui

Hdi nude dé |am
sach chit xdc tac

Déu o _ ot
nguyenfieu I v ol 4 "L r=e= Khang khi

- =
San pham day chung cat

»

Hinh 4.1. So d6 hé théng cracking xiic tdc theo miu thiét k€ s 2.

Buéng giam ap

Khi
Reactor
" Khi va xan
B& phan lam sach chat xdc tac 9
{bling hoi nutc) Cat chung ¢4t chinh
a=g= HOi nUrtic xi1 1y chat xuc tac b LCO
Thiét bj hoan D4u a4 Kng gan

nguyén ¥ Ndi hoi » HCO
Déu sét ol nude
Nude
thmg khi da xuly

NQuyen ligu =pegye . Ak

Hinh 4.2. S0 d6 hé théng FCC theo thiét k€ cia mo hinh "n6i ti€p"”
(giira reacto va regenerato).

155



Sau chi€n tranh, miu thi€t k& hé théng FCC dang “néi ti€p” duoc trién khai (hinh 4.2)

So d6 nay gém mot reacto dp sult thip két néi truc ti€p phén phia trén clia thiét bj
hoan nguyén chdt xtc tic c6 4p suft cao hon. Miu thiét k& nay 12 moét budc chuyén ti€p
quan trong tir cong nghé cracking trong Idp chét xdc tac én dinh dén cracking trong hé xic
tic pha luu thé. Giita thap ky 50 th€ ky trwdc miu thiét k& kidu reacto 6ng ding (reactor
riser) da duge gidi thigéu (hinh 4.3).

Khi x& dén
1d 46t CO

L % Khi va xiing

B phan lam
sach chit xic tac
(b&ing hot nudic) +

Budng giam ap Reactor

Cot chung c&t
L: » HCO
_ 4
. Hai nuéc === Diudaléng gan
Thigt bj hoan Dt sét
nguyén U se
3 b
Khang khi ¢ :
NGUYEN [i80 s >

Hinh 4.3. H¢ théng FCC theo m6 hinh"song song" ctia UOP.,

Trong miu thi€t k€ nay, thiét bi hoan nguyén xiic tic duoc dat gin mat san va reacto &
vi trf cao hon bén canh. Chit xic tic dd hoin nguyén, nguyén liéu méi va nguyén liéu hoan
lwru duge dua vao reacto bang mot 6ng dimg dai & phia dudi reacto. So v6i thiét k€ trudc, thi
hi¢u sufit va d6 chon loc clia méu thiét k€ nay duge cdi thién déng ké.

Gitra thap ky 1960 viéc ting dung chét xdc tic zeolit & quy mo cong nghiép di tao ra
mét bude nhdy vot trong cong nghé xic tdc cho cdc qua trinh loc ddu. Cic chit xie tic
zeolit ¢6 hoat tinh, d§ chon lgc gasolin va d6 6n dinh (46 bén xiic téc) rit cao so véi chit
xic tic aleminosilicat v6 dinh hinh. Nh& nhimg wu diém néi bat clia chét xic tac zeolit ma
tir dé dén nay, nhiéu sdng ché va cdi ti€n quy trinh c6ng ngh¢ cracking xiic tic da lién tuc
trién khai. Nam 1971, UOP di thuong mai hod mot méu thiét k&€ méi, duge goi 1& miv riser
cracking {(cic phan ing cracking duge thuc hién trong mét reacto &ng dimg chita hoi
hydrocacbon va bt xiic téc duge chuyén dong trong trang thai luu thé). So d8 céng nghé
FCC nhanh chéng duge tri€n khai trong cdc nha mdy loc ddu méi x8y dung va tham chi duge
thay th¢ cho cdc so d6 FCC cil dang t6n tai. Thue t€ ching t6 ring, cracking reacto 6ng diing
(riser cracking) d& dem lai d¢ chon loc gasolin cao hon, khi va c6c giam hon, nghia 1a han
ch€ moét cich rdt higu qua cdc phan ting cracking thi c4p.
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Trong nhi€u nadm, ngudi ta hét séc quan tim dén viéc hoin thién mét hé reacto
cracking, bao gém: 6ng phan wng, hé xyclon, ddu phun nguyén liéu,... Moi cai tién déu
nhim ting cudng sy ti€p xic t6t giita nguyén liéu cracking v chét xic tdc, thuc hién phan
ting cracking hoan toan trong 6ng phéan ing (riser), nang cao hiéu suit sin phdm mong
muén, gidm thiéu cdc san phdm phu khéng cdn thiét.

Bén canh st quan tdm cii ti€n reacto phan dng, ngudi ta cdn chi § cai tién hé théng
hoan nguyén xic téc. Trong thdi ky ddu (khoang 20 nim) hoat dong ciia cic nha médy loc
ddu, cdc thi€t bi hoan nguyén xiic tdc déu phat ra khi x4 chita chi y€u CO va CO,. Véi bién
phdp d6t chdy khong hoan toan, chat xdc tic sau khi hoan nguyén con chita hang chuc phin
tram luong cacbon trén bé mit cla né. Trong nhitng nim ddu cla thap ky 1970 ngudi ta phai
cai ti€n viée che€ tao chét xiic tdc va lap dat thém cdc thiét bi phu trg (16 d6t CO) d€ chuyén
ho# CO thanh CO,, nhim giam thi€u dé d6c hai clia khi thai. Nam 1973, mot hé théng FCC
clia UOP duoc lp dit thi€t bi hoan nguyén xiic tdc méi, ¢é hidu qua cao trong viéc chuyén
hod tryc ti€p CO thanh CO,. Tir d6 vé sau, cic co s& FCC déu duge thiét k€ theo cong nghe
hoan nguyén xic tic cai ti€n, do d6, hiéu sudt cdc gidm, phat thdi CO thip hon (dip ing tiéu
chudn méi trudng) va cai thién ch4t lwgng, d6 chon loc sin phim.

=S40 pham phan mg

L]

Reactd éng dimg

Khi xa sau hoan nguyén

Thiét bj hoan nguyén y
xUc tac 2 giai doan

Khong khi SO cAD et g~

4._ Nguyén ligu va

Khng khi tht cdp — | pha phan tan

\J— Pha phan tan

Hinh 4.4. So 46 cong nghé RCC.

Khéng khi thif cAp e
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Vo cudi nhitng nam 1980, do khé khan vé ngudén ddu thé, cic nha loc ddu bit ddu
quan tim dén viéc ch€ bién ngudn ddu ning, dic biét 12 ddu cin tir chung cit & 4p sudt khi
quyén. D€ ch€ bién hiéu qua diu can chita nhidu tap chit, 2 hing UOP va Ashland Oil di
hop tic v6i nhau d€ trién khai mét cong nghé cracking xic tdc cho nhién dang nguyén liéu
khdc nhau. Nam 1983, cdng nghé ch€ bién diu tho nang RCC duge dp dung quy mé cong
nghiép. Tir d6 v€ sau, viéc xir 1Y ddu cin ddn din phét trién, hon mot nlta cdc nha miy méi
déu duge xay dung theo cong nghé xir 1y ddu cin hodc ddu chita nhiéu hop phin nang. Hinh
4.4 giGi thieéu mot moé hinh hé théng RCC dugce thist k€ nam 1983.

Trong so d6 dé c6 nhiéu ci ti€n so vdi cdng nghé FCC théng thuéng, dic biét 1a su
cdi ti&n v€ thi€t bi hoan nguyén hai giai doan nhiim dét chdy t6t hon lugng céc nhiéu hon tir
nguyén liéu ddu can. Thi€t bi hoan nguyén xic tic nay khéng ché tdt hon su cin bing nhiét
cla qué trinh, bdi vi mot giai doan hoat dong trong ch€ d¢ chidy hoan toan, vd mot giai doan
khdc trong ché d¢ chdy khong hoan todn. Bo phan lam ngudi chét xiic tdc cling la mot cai
tién cha cong nghé RCC. Né khong nhitng gép phan vao viéc khéng ché€ nhiét do hoan
nguyén ma con duy tri su tudn hoan chit xic tic trong diéu kién phin ting khic nghiét.

Nhin chung, trong 4 - 5 thap ky vira qua céng nghé cracking xic tdc ludén dugc cii tién
va hoan thién.Do thyc trang ngiy cang khé khan vé ngubn nguyén liéu, do nhu cdu sin
phdm va yéu cdu nghiém ngit vé bdo vé moi trudmg ma cong nghé cracking xic tdc dang
duroc phit trién theo ba huéng sau day:

- C6 kha nang ch€ bién cdc nguén nguyén liéu da dang.

- Quan tam déc biét d&€n cong nghé ché bién ddu nang.

- Cracking siu d¢é tao ra ngudn olefin cho sin xuft vat liéu Polyme.

Do d6 trong chuong nay chiing t6i gidi thiéu mét sé cong nghé dai dién cho ba xu
huéng dé. :

4.2. Cong nghé FCC cla UOP

4.2.1.Gidi thiéu céng nghé FCC cua UOP

Mot hé théng FCC chia UOP bao gém céc bd phén chi y&u sau day: Cum thiét b phan
ing (reactor) va hoin nguyén xtc tic (regenerator); thdp chung cat chinh va phin xudng khi
(hinh 4.5).

Tuy thudc vio muc dich clia nha loc d4u, cé thé moét phin die ning dugc hoan luu trd
lai reacto d€ tao ra hiéu suft san phdm mong muén.

D¢ chuyén hod duge dinh nghia 12: 100% - % thé tich ldng ciia cdc sdn phdm ndng
hon gasolin.

N6i chung d6 chuyén hod khéng bao gidy dat dén 100%. Mot s6 san phim ddy thép
chung cit duge goi 1a ddu ldng gan (clarified oil) hodc ddu sét (slurry oil) thudmg duec sit
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dung trong viéc pha ché ddu d6t. LCO thuong dugc dung 1am dau d6t cho gia dinh, mot
phin khic ding cho ngudn nhién lieu diesel.

Phan xudng khi Khi dét
e (kb nhién ligu)
DEn hé xir Iy khi x4 > c
Reactg Thap chung pep C3-Cy
Tai sinh ¢t chinh gy X3Ng l0ai butan
e Naphta
e | CO
p—elp HCO
o  |emap S3n phdm day
| thép chung cit chinh
——
Khong khi Nguyeén lig¢u mai

Hinh 4.5. So d6 chung ciia hé théng FCC cia UOP,

Mot hé thong FCC hién dai bao gid ciing gén lién v6i mot he théng xit 1y khi xa (khi
sau thiét bj hoan nguyén). Khi x4 chia nhidu nhiét du, bui-xic tdc, nitg, oxyt cacbon (CO,
CO,), oxyt sulfua, oxyt nito vi hoi nude.

Sau thi€t bi hoan nguyén khi con cé nhiét do 700 + 780°C, ap sudt: 0,7 = 2,8 atm.
Nhiét d¢ clia khi cé thé dugce sir dung trong sin xuét hoi nude chay tuabin phit dién. CO
dugc d6t chdy thinh CO, &10 d6t CO. Bui xic téc dugc loai bo bing mdy loc bui finh dién.

® Cum thiét bi phdn ting Cracking- Hodn nguyén xic tic

“Qui tim” cia céng nghé FCC 1a cum thiét bi phan Ung vd hoan nguyén xic tdc
(Reacto-Regenerato, hinh 4.6).

Trong khi vén hanh, nguyén liéu ban ddu va mét phin ddu nang hoan hru (tuy thude
vao muyc tiéu sin phdm) duge dua vio 8ng phdn 1ing riser cling v6i mot lwgng nhat dinh chat
xic téc di hoan nguyén. Nguyén liéu cé thé duge gia nhiét bing cich trao déi nhiét hodc
bing 1> d6t nhién liu. Chat xic tic sau khi hoan nguyén cé nhiét dé cao lam bay hai
nguyeén li¢u. Hoi hydrocacbon mang theo chét xic tic di chuyén trong 8ng phan img tu dudi
tén trén. O dinh & Ong riser cdc phdn dng cracking cén thi€t di duogce thuc hién, chit xic tac lal
nhanh chéng duge téch ra khoi hoi hydrocacbon dé han ché cic phan lrng cracking thu cap
Hdn hop chit xiic tdc, hydrocacnbon di chuyén ra phin bén ngoal cia reactcf di qua mot bo

phan téch hydrocacbon khoi chét xiic tic. Su phén tdch chat xic tac v.'?t san pham crackmg 0
trang thdi hoi duge thuc hién bude cusi ciing bai hé xyclon '
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Khi thoat ra tir reacta cracking

Reacto
Khi xd tir thiét bi
hoan nguyén
Reacto kiéu
dng ding
- M
Thiét bj hoan nguyén
'{ 7 Tach hydrocacbhon
Buéng dét kifu &ng dimg { '\r khdi chat xuc tac
f
"“L’—H \r N
4
B& phan 1am ngudi
chat xuc tac

1,7

Budng dét ] Ong déin chdt xuc tac
L4~—""" da tham gia phan Ung
=

Ong d&n chat Ong din cht
x(¢ tac tudin hodan ...-/ xdc tac tai sinh
Ong din chit Nguyén ligu

xGe tac ngudi

T 5
Khdng khi T

oxy hoa cic Khi dé'y
Hinh 4.6. So d6 thiét bj phan ing vA hodn nguyén xiic tic clia cong nghe UOP.

Céc san phdm cracking dugc din dén thdp chung cit chinh d€ phan chia thanh khi
olefin nhe, gasolin FCC va céc sin phdm ning hon. Chat xiic tdc di tham gia phan dng roi tir
phin bao ngodi cha reacto vao bo phan strippo (stripper, téch khi hydrocacbon khoi chét xic
tdc bang hoi nude), & d6 mot dong hoi nuée nguge chiéu téch bé phan hydrocacbon con hap
phu trén bé mat chit xic tic. Sau d6, chét xdc tde dugc chuyén dén thiét bi hoan nguyén.
Trong qui trinh cfacking, c6¢ hinh thanh, va tich tu trén bé mit chat xic tic réi duge dot

160



chdy trong thi€t bi hoan nguyén. Nhiém vu chinh cha thiét bi hoan nguyén 1a hoat hod cht
xtic tdc dé né c6 thé ti€p tuc xic téc cho phan tng cracking khi tr& vé reacto. Regenerato d6t
chdy c6c tao ra cic sdn phdm khi déng thdi déng vai trd cung cip nhiét cho reacto cracking
(vén dé can bing nhiét s& dugc trinh bay & phdn sau).

Tuy thudc vio diéu kién cy thé, thiét bi hoan nguyén cé thé hoat déng theo ché do OXy
hod hoan toan cacbon thanh CO, holic oxy ho4 khéng hoan toan, hoic chuyén hod CQ thanh
CO, bang mot 10 d6t CO bén ngoii regenerato. Néu d6t chdy CO thanh CO, bén trong
regenerato thi nhiét cia khi x4 duge cung ¢fp cho 1o hoi. Khi x3 sau regeneratg di qua
xyclon dé gidm lugng chét xic tdc bi cusn theo truée khi bi thii ra moi trudmg.

D¢ duy tri hoat tinh chit xiic tic & mitc d6 cdn thiét va dé bi lai lugng chét xic téc bj
mdt trong hé théng khi x3, mét lugng chat xdc tic méi duge bé sung vao hé théng cung clp
chét xdc téc. Ngoai ngan dung chét xic tdic méi, con cé6 mot ngin khic dé 14y ra chat xiic
tic da hoat dong nham dédm bao hoat tinh xiic tdc cdn thi€t cho phin fng cracking va dé thao
toan bo cht xie tdc khi hé théng ngimg hoat déng dé sita chita, bio dudng v.v...

e Su edn bdng nhiét

So d6 can bing nhiét trong cong nghe FCC duge mo6 ta nhu trén hinh 4.7

Xuc t4c d4 sir dung
Khi x& Tai sinh m Reacto
Q >
Qrg —+—* 8an pham
— Too Tén that nhigt
L2
Tén that
nhiet Qq Nh%‘t“gm Oee
‘ Nhiét phan (mg
chay c8c
)
Qrc Qep .
Qq — € Hdi lvyu
K¢ tac tai sinh
O«— Nguyén liéu méi
Khang khi cho tai sinh Gia nhiét so bd

Hinh 4.7. So d6 can bang nhiét ciia t6 hgp FCC.

Giéng nhu moi qué trinh cong nghé khdc, he théng FCC vé co ban 1a doan nhiét. Bién
thitc c4n bing nhiét téng quat ¢6 thé dugce viét nhu sau:

Qra =(Qp— Qrp) + (Qrc — Q) + Qrx + (Qr, +Qy,) @.1)
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trong dé:
Qgg : nhiét thodt ra do d6t chdy céc;
Qp — Qgp: bién thién entanpy gilta sdn phidm va nguyén liéu;
Qrg — Qa: bi€n thién entanpy gilta khi x4 v khong khi dua viio d€ hoan nguyeén;
Qgx: nhiét phan ing; '
Qr, +Qy, : céc ton that nhiét.

Bi€u thirc (4.1) 12 sir don gidn hod dé mé t3 céc thanh phdn nhiét tham gia trong hé
reacto-regeneratd. Nhiét lugng tod ra do gida trinh d6t chdy c6c dam bao cho ¢dc nhu ciu
nhi&t ciia reacto v regenerato., Nhiét cin tiéu t6n dé:

- Nang nhiét d¢ ctia nguyén liéu dén nhiét do phan tng;

- Hod hoi nguyén liéu;

- Cung clp cho cdc phan ing thu nhiét cho cdc yéu cfu nhiét cha cdc b phan phu trg
va cho tén thét;

- Nang nhiét do khong khi dén nhiét d6 clha khi x4 va cdc t6n that nhiét cha
regenerato;

Sir ln4n chuyén ctia chét xidc téc chinh 12 co ch€ van chuyén nhiét luong tir regenerato
dén reacto. Nhu vy todn bd nhiét lugng cung cdp cho reacto 13 do bi€n thién entanpy giita
chét xtc tdc da hoan nguyén va di phan ing (Qpe — Qse)-

Do d6, t6¢ d¢ luan chuyén chat xic tdc 12 mot tham s6 van hanh quan trong va quyét
dinh, vi né khong chi cung cfp nhiét ma con téc dong dén do chuyén hod théng qua néng dé
cua chdt xic tic va néng d¢ nguyén liéu (thudng duge bi€u dién dudi thuat ngit £/ 6 chdt
xiic tdc/ddu). Trong thuc t€, ti s6 d6 khong phii 12 mét tham s6 duge khéng ché truc tiep: sy
thay déi ti s6 chét xiic tdc/ddu 12 hé qua ciia cdc thay déi clia cdc tham s6 van hanh khac. Vi
duy, ting ti s6 chdt xdc tic/diu 12 do su gia ting nhiét d¢ cla reacto, do su gidm nhiét do
trong regeneratd hodc do sy ting nhiét dé ban ddu cha nguyén li¢u. Cde diéu kién qua trinh
thay d6i 1am cho ti s6 chat xiic tdc/ddu ting thi d6 chuyén hod clia qui trinh cracking xdc
tdc ciing ting theo. '

o Thiét bi chung cdt chinh

San phim cracking & dang hoi dugc diin vao thiét bj chung c4t chinh d€ phan riéng
thanh cic hop phin. Tai d6 gasolin va cdc san phdm nhe gidu olefin va mét s§ san phdm nhe
khdc dugc tich ra tir dinh thdp va din dén phan xudng khi. LCO duge xir Iy dé tach riéng céc
san phdm nhe va phin con lai duge hru gilr & kho. Cédc san phdm ddy thip 1a ddu sét hodic
diu ling gan. Vi hiéu qua phan tich hydrocacbon va chét xiic tdc rit cao d6i véi cic hé
théng FCC hién dai clia UOP nén luong chét xic tic bi cudn theo dén thip chung c4t phan
doan 12 r4t nh6. Céc sdn phdm ning con lai & ddy thip thye ra khong cdn phai ling gan, trir
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phi cdn phéi st dung trong cic cong nghé dic biét, vi du nhu, san xuft muéi than, & dé
ngudi ta yéu cdu ham lugng chit rén rat thdp. Trong mot s§ trudng hop, sdn phim ning ddy
thap dugc hoan liru dura vé reacto cracking.

Tai thap chung cit chinh ngudi ta rat quan tam dén viéc tan dung cdc ngudn nhiét cé
thé ¢6. Vi du: LCO va HCO duoce st dung trong phan xudng khi v6i muc dich trao d6i nhiét,
vi dong sdn phdm ddy thdp duoc tudn hoan trao déi nhiét dé sin xust hoi nude.

® Phdn xudng khi

Phan xudng khi 12 mot tap hop cdc thap hap thu va chung c4t phan doan dé phén riéng
cdc sin phdm dinh thip cla thi€t bi chung cit chinh thanh gasolin vi cic sin phim nhe
khic. D61 khi cdc khi olefin tir cdc cong doan khic, ciling dwgc chuyén dén phan xwdng khi
cua hé thoéng FCC.

Mot phan xudng khi dién hinh gém 4 thip nhw & hinh 4-8.

Khi nhién liéu Ca-Cy

Thap hdp
thu thir c3p.

Thap hap thy so cép

Binh chira Thép tach C,
| &p sudt cao Thép tach
-
l .
Khi dinh Dén binh chifa 4 LCOdénvadite Gasolin ¢4 chat
thap chinh cla thap chinh hé théng FCC lvgng 8n dinh d3
khi Cq

Gasolin ¢6 chét lugng chua
dn dinh dén tl binh chira
$&n pham dinh thap chinh

Hinh 4.8. So d6 mot phan xudng khi FCC.

Khi tit binh chita san phdm dinh thap chinh dwoce nén va dua vio binh chia ap sudt cao
cing v6i san phim ddy cla thap hip thy so c4p va khi dinh thap téch (stripper). Khi tir binh
chita dp suft cao d6 duge din dén thap hap thu so cap, tai d6 khi tigp xiic vdi gasolin chua
6n dinh dén tix binh chia cda thdp chinh. K& quéi cha su ti€p xiic d6 1a dé€ phan rieng cic
phan doan C;* va C,” trong phédn khi dén thap hap thy so c4p. Khi thost ra tir thip hdp thu
so cdp duoc dua vao thip hip thy thit cdp hedc thdp hdp thy "vat liéu bot”, tai d6 dong LCO
tudn hoan hdp thy hdu hét cac sin phdm C5* cla dong nguyén lieu dén thap hap thu tha cip.
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Mot 56 san phim C; va C, ciing b hép thu. D4u thu dugc sau thép hap thu thit cdp dwoc quay
vé thip chung cét chinh. San phdm dinh thédp hdp thu thtt c4p }a C;* va khi H,S, duoc chuyén
dén b6 phan khi nhién iéu hodc bé phin ché bién khic.

San phdm 16ng tir binh chiva 4p sudt cao duge din dén thép tach, tai d6 hdu hét cic C,”
dugc tich ra & dinh thip va chuyén trs vé binh chita (binh tich) 4p suft cao. San phdm 1dng
& ddy thdp tach duge dua dén thip khir Cy, tai d6 sén phim olefin C; - C, duge tich ra & dinh
‘thip duge din dén bo phan akylhod hofc ngung tu xidc tdc dé sdn xudt gasolin. San phim
" day thdp khir C, 12 gasolin ¢6 chat luong 8n dinh, duge chuyén dén bo phéan xir 1y ti€p theo
(néu cin) hodc dén kho liru trit.

Trén day la so d6 t6i thidu ciia mot phan xudng khi. D6i khi trong phan xudng nay
con c6 thém thdp tdch gasolin, phan chia gasolin thanh phan doan nhe va nang. Khi H,S
trong khi nhién liéu hoic trong san phdm Cy - C, cé thé duoc loai bd biang hdp thu trong mot
hé chita amin. Do d6 phan xudng khi c6 thé gém 6 hoidc 7 thdp xir 1y.

4.2.2. Phan tich cdc uu diém cua hé théng FCC-UOP hién dai

Mot hé théng FCC hién dai phidn dnh sy k&t hgp t6i vu nhit cdc dic diém co khi va
cong nghé qua trinh.

Co sé 1y thuyét vé luu thé hod, dong luu thé, truyén nhiét, chuyén khéi, déng hoc,
nhiét dong hoc phan dng va cac vAn dé xic téc khdc duge dp dung va duge két hop véi kinh
nghiém thuc tién vé thi€t k€ co khi dé tao ra mét t6 hop FCC cuc ky &én dinh hop 1y va da
nang.

® Reacto

Uu di€m ciia hé phan ing 12 thai gian ti€p xiic ngan nén dac trung cho mot thiét ké
reacto hién dai (hinh 4.6). Reato nay rét thich hgp cho chét xic tic zeolit ¢é hoat tinh va d¢
chon loc rit cao. Su ti€p xiic giita chdt xiic tic va nguyén liéu duge dam bao kha hoan hao
do ché& d6 thuy déng hoc cla lvu thé. Sin phim phan éng va chat xiic tdc duoc tich ra nhanh
chéng trude khi dua vio hé hoan nguyén. Phan tng cracking hoan toan trong ong ding
(riser) tao ra higu suit cao cho gasolin va olefin nhe C; - C,. Nhiét d6 phan ting cao ciing
duoc 4p dung dé ting gid tri octan chia gasolin vi hiéu suit olefin nhe cho alkyl hod va ete
hod vé sau.

Nhiing céi ti€n v€ reato khong chi duge thuc hién trong cdc nhad mdy loc du méi thiét
ké. Ngay ca trong rit nhiéu phan xudng FCC cfi, mét hodc nhiéu khAu quan trong trong day
chuyén cong nghé ciing dugc cai ti€n nhur; ting cudng kha nang ti€p xdc gilta chat xic téc -
nguyén liéu & phin cudi cia riser, hodc bd phan lam sach (tich hydrocacbon) chit xic téc.
6ng reacto, Ong din chit xdc tdc va cdc van diéu chinh duge thay thé€ khi cdc nha mdy cii
cén nang cao cong suft hoat ddng cida minh.
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® Thiét bi hoan nguyén (regenerator) -

Codng ngh¢ FCC hién dai cta UOP c6 mét hé hoan nguyén rét hiéu qud, thuong duoc
g0i la hé hoan nguyén oxy hod hodn toin {combustor-regenerator). Hé combustor-
regenerator ¢6 kha nang phan b8 déng déu khong khi va céc, va cai thién dang ké ché do
chdy hoan toan ciia cSc. Trong regenerator c6 hai viing d6t chdy: viing d6t 16p tdng s6i 6n
dinh cia chét xic tdc con it c8e, va viing dét trong Sng ding (combustor riser) c6 trao déi
nhiét va t6c do chuyén van cao ciia chit xiic téc. Sy két hop hai ché do d6t chdy c6c dé dam
bao hiéu suit bao toan chit xiic tdc khd cao va nhiét do nhy nhau cha khi x3 va chit xic tic
da hoan nguyén. Nh& cdi thién hiéu qua thi€t bi hoan nguyén mi luong chit xiic tic bi mét
gidm déng ké. Diéu d6 khong nhitng cé ¥ nghia kinh t€ Ién d6i véi sy tiéu hao chat xuc tac
toan b ma con gidm su hao phi lugng chit xuc tic hang ngy. M6 hinh thiét bi hoin nguyén
kiéu combusto di dugce trién khai trong nhimg ndm 1970. Trude d6, cdc thiét bi hoan nguyén
hoat dong chli y&€u dua trén ch€ do chdy cSc khong hoan toan. Mot phin c6¢, khodng vai
chuc phén tram, con bim lai trén chat xtic tic d3 hodn nguyén. Khi xa thodt ra sau hoan
nguyén con chita mot lugng CO va CO; trong duong nhau. Ngudi ta phai sir dungld dét CO
b6 sung d€ gidm mitc do tic hai cha CO dé ddp tmg tieu chudn moi trudmg vé khi thai. Nhiet
tod ra do sy d6t chdy CO thanh CO, ciing c6 tic dong ding ké dén can bing nhiét cia 18 hop
FCC. Che d6 chiay hoin toan con 1am cho nhiét do cia thiét bj hoan nguyén cao hon, vi do
d6 lugng chat xiic tdc tir regenerato dén reacto ciing it hon do nhiét do reacto ting va do sy
chdy hoan toan hon nén lugng cdc bon luru lai trén bé mit chét xic tic gidm xu6ng. Luong
cacbon con lai cang thap thi hoat tinh xdc tac cang cao. Nhu vay, sy chdy hoan toan cua c6¢
din dén giam t6c do tudn hodn clia chét xic tic nhung lai lam ting hoat tinh xic tdc. Vi
lwong c6c cdn thiet cho can bang nhiét giam, hiéu sust c6c gidm din dé&n sur gia tang céc san
phdm FCC. D¢ hé trg cho su chdy cia CO, ngudi ta thudng cho mot luong nhd cic kim loai
quy vao chit xic tic FCC. Cic chat trg xdc téc d6 di dugc sir dung rong rii dé ché tao cic
chét xiic tdc cho nhiéu nha mdy loc déu cii, xem nhu 13 mét bién phép trung gian [am cho co
ch€ chdy c6¢c hoan toan hon. Trong cic nhi miy mdi véi thiét bi hoadn nguyén kiéu
combustd, c6c duge oxy hod trong ch€ d§ chdy hoin toan khong cdn phai sir dung chat trg
xic tic dit tién (kim loai quy Pt).

Thiét bi hoan nguyén - oxy hod hoan toan (regenerator-combustor) da chilmg to su wu
vigt cha no tréi qua thoi gian 1am viée 1au dai. N6 thé hién 1a mot thiét bi rat hiéu qua dé dét
chdy cacbon va tao ra mét lugng CO rit nhé. Cho dit mot nha may nhé hay Ién, ngudi ta déu
phai quan tdm hang ngay dén chat lugng khi xa sau hoin nguyén va chit xic tic da hoan
nguyén.,

® Su da dang vé hiéu sudt sdn phdm

Mot trong cdc thé manh cla cong nghé FCC 1a kha ning da dang cic hiéu suat san
phim mong muén dua trén co s& diéu chinh cdc tham s& van hanh. Mic dit hdu hét cic nha
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mdy dugc thiét k€ dé san sudt ra gasolin, nhung UOP thiét k& céc co s& cracking theo mot
trong ba mo hinh hoat déng chinh sau day:

- Phuong dn sdn phdm gasolin: phuong &n hoat d6ng phé bién nhat cia mot he théng
FCC 1a san xudt t6i da sdn phdm gasolin. Phuong 4n ndy dugc thyc hién trong céc diéu kién
thich hop sao cho hig¢u sudt gasolin cao nhét lai ¢6 tri s6 octan cha gasolin t6t nht.

Diéu kién phan ing phii duge khéng ché mot cich nghiém ngat dé chuyén hoa phdn
16n nguyén liéu, nhung khéng anh hudng x&u d&€n chidt lugng gasolin tao ra. Yéu cdu dé
thudng dat duge bing céch sir dung cic chat xidc téc rdt hoat dong va chon loc, vi nhiét 46

phin dng di cao d¢€ tao ra gid tri octan mong muén. Téc d6 lwu chuyén chit xic tic cung
duge khéng ché thich hgp dé théi gian ti€p xdc ngan.

Trong diéu kién phan (g nghiém ngat nhu thé, viéc hoan luu cdc sdn phim cracking
néi chung 1a khong cin thiét.

- Phuong dn LPG

Né&u thye hién phan tng trong diéu kién khéic nghiét hon, thi s& tao ra nhiéu olefin nhe
va gia tri octan cha gasolin cao hon. Do d6 phuong 4n san phdm nay duge goi 12 phuong 4n
LPG (liquefied petroleum gas) hay la phuong dn diéu kién khic nghiét cao (hoac d6i khi con
goi 12 phuong dn FCC hod ddu). B&i vi phuong dn ndy gia ting lugng cdc san phdm nhe va
tang aromat trong gasolin.

Néu isobutan dugc akyl hod véi olefin nhe hoac néu cic olefin dugc ete hda va
polyme héa thanh cdc sin phim c6 nhiét do s6i clia gasolin, thi hiéu sufit tdng cong clia
gasolin va gid tri octan nhan duge Ia khé cao.

- Phuong dn sdn phdm chung cdt

Néu mot & hgp FCC khong thé van hanh trong diéu kién phan tng khic nghiét thi
ngudi ta c6 thé san xuit theo phuong 4n cdc san phdm chung c4t. Thay déi cac diéu kién van
hanh cé thé chuyén dich tir sy phin b& san phdm gasolin binh thudng dén mot phan bd va
lugng gasolin xfp xi véi lugng LCO va HCO. D€ thue hién phuong 4n dé, ngudi ta gidm
nhiét d6 s6i cudi cha gasolin d€ chuyén mot phdn sin phim vao phin ddu LCO.

Gidi han sy diéu chinh dé duge quyét dinh béi diém chdp chdy chia phdn ddu CO
(cycle oil)

S phan bé& dién hinh cho ba phuong 4n dugc din ra trong bang 4.1.

Nguén nguyén liéu cho ba phuong 4n sin phdm trén la gas oil chian khéng Trung
Doéng. Cic hiéu suit sdn phdm d6 dic trung cho mét nguén nguyén liéu cu thé. Néi chung,
su phan bé hiéu sudt san phdm FCC luén phy thudc vao tinh chit cha nguyén lieu. Vi du:
nguyén liéu véi thira 56 Kygp thdp hon, ham lwgng hydro thap hon thi khé cracking hon va
¢6 sit phan b& sén phim han ché hon.
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Bang 4.1. Sy phan bé céc san pham va tinh chit san phim

Phudng 4n céc san phdm chung | Phuong 4n | Phurong an
cit Gasolin olefin nhe
Gasolin tdi da | Gasolin 18i thiéu
Hiéu su&t san phdm
H,S (%kl) 0.7 0,7 1,0 1,0
C, (%kI) 26 2,6 3,2 47
Cs (%LV) 6.9 6,9 10,7 16,1
Cy (%LV) 9.8 9,8 15,4 20,5
Gasolin C' (%LV) 43,4 333 60,0 55,2
LCO (%LY) 375 47,6 13,9 10,1
CO (%LV) 7.6 7.6 9,2 70
Coc (%K) 49 49 50 6,4
Tinh chat san phim
LPG(%LV)
C,7/Cy no 3.4 34 32 36
Cy/Cyn0 1,6 16 1.8 2.1
Gasolin
ASTM diém s6i 90% (°C) 183 132 193 193
ASTM diém s6i 90% {°F) 380 270 380 380
RONC 90,5 91,3 93,2 94,8
MONC 78,8 79,3 80,4 821
LCO
ASTM diém s6i 90% (°C) 354 354 316 316
ASTM diém s6i 90% {°F) 670 670 600 600
Diém chép chay, °C (°F) 97 (207) 55 (132) 97 (207) 87 (207)
Do nhét, ¢St & 50°C (100°F) 3,7 2,4 31 3.2
Luu huynh (%kl} 2,9 2.4 3.4 37
Chi s6 xetan 34,3 318 24,3 20,6
D4u gan
Do nheét, ¢St § 50°C (100°F) 109 10,9 9,0 10,1
Luu huynh {%kI) 5.1 5,1 6,0 6.8
Ghi chi:

ASTM: American Society for Testing and Material.
RONC; RON clear, gid tri RON trong phép thér ciia xdng khong chi.
MONC: MON clear, gid tri MON trong phép thif ciia xang khong chi.

V/V: ti 1 thé tich /thé tich (%).

Ngudn s6 lieu 14y tir D.A.Lomas va cong sy, "Controlled catalytic cracking”, UOP 1990
Technology conference. :
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Cic s6 lieu trong bang 4.1 chi ra mét vai nhan xét:
Khi dé khic nghiét cracking ting tir thdp dén cao thi cSc va cdc san phdm nhe ting,

octan cha gasolin ting vi néi chung san phdm 16ng cing ngheo hydro hon. Nhu vay, d6 khic
nghiét phan ng cao din dé€n cracking sau mét lugng gasolin thanh cdc san phdm C; - Cy.

4.2.3. Kha ndng ché bién cdc ngudn nguyén liéu da dang

Cic he théng FCC trudc day duge thiét k€ dé ché bién gas oil chan khéong (VGO). Dé
12 mot nguén nguyén liéu cé thisa s6 Kypp bing 12 hodc 16n hon, nén dé cracking. Giira
nhitng nim 1990 rét nhiéu nhi loc ddu phai ché bién cic nguén nguyén liéu téi hon. Thue
viy, cdc nha loc ddu ngiy cang muén ch€ bi€n nhiéu hon phdn ddu khong chung cit duge dé
tang cuwdng kha niang canh tranh clia minh.

Trong phéin niy ching ta xét hai vin dé quan trong: hydro-xir ly (hydro treating) céc
nguyén liéu cho FCC nhim cai thién hiéu sudt san phdm va giam thiéu 6 nhi€ém mai trudng;
va cracking cdc ddu cin, ddu duge tich chiét bing céc dung moi khic nhau,

o Hydro-xit Iy cdc nguyén liéu FCC

Bang 4.2. Hydro-xir I¥ nguyén li¢u FCC

Nguyén lidu ban ddu [ Khir ltu huynh vira phéi | Hydro-xi Iy vifa phéi

Mat d9,°API 18,4 (0,944) 22,3 (0,920) 26,3 (0,897)
Thira s8 Kyop 11,28 11,48 11,67
Chung c4t D-1160, °C {°F)

5% 275 (527) 266 (510) 249 (481)

50% 410 (770 399 (750) 375 (707)

95% 498 (928) 497 (926) 467 (873)
Luu huynh, %kl 1,30 0,21 0,04
Nita, %kl 0,43 0,32 0,05
Hydro, %kl ) 11,42 12,07 12,74
Hiéu qua cracking trong diéu kién pilot nhir sau:

Do chuyén hoa, %LV 59,0 66,1 82,5
Gasolin, %LV 411 48,0 55,6
Céc, %LV 88 6,1 56

Vi nguyén liéu FCC c6 thé chita cdc hop chdt Ivu huynh, nén cdc san phim FCC ké cd
khi x4 sau thiét bi hoan nguyén déu chita lun huynh dudi cdc dang khic nhau. Do dé, ngudi
ta phai xay dung nhiéu hé xir 1y khi xa hosic phai ch€ tao chit xic tic dic biét hoac phai
hydro-xit 1§ nguyén liéu d€ gidm thiéu mitc d¢ phat thai lun huynh. Trong cic bién phdp dé,
chi hydro-xir 1§ 13 hifu hiéu hon ca vi v&i su cé mat cha hydro kha ning cracking clia nhiéu
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loai nguyén liéu c6 thé gia tang. Bién phap dé thuc su ¢é gid tri khi nguyén liéu ban ddu cé
chit lugng kém hoac nhiéu tap chét. Bang 4-2 diin ra céc két qua vé hydro-xir Iy mot nguyén
liéu chét lugng thdp & hai ché dé H, khic nhau.

Khi chét long nguyén li¢u ban ddu cing xau va van d¢ xir 1y lwu huynh cén duge quan
tam thi b¢ phan hydro-xir 1y s& déng vai trd ngdy cang quan trong hon.

® Cracking cdc nguyén liéu cé nhiét do séi cao

Khi cic nha loc ddu tim cdch m& réng khodng chét lugng clia nguyén liu cracking thi
ngudi ta thudng gip nhimg dang nguyén liéu ning nhu sau:

- Phan doan chung cit sau & thip chung c4t chan khong.

- Cdc du chi€t bang dung m6i ciia san phdm dinh thap chan khong.

- D4u c3n chung cit khi quyén.

Bat cir xudt phdt tir dang nguyén liéu ndo néi trén, ngudi ta phii gii quyét nhitng vdn
dé co ban sau day: (tuy nhién véi mifc do khic nhau tuy thuée vio ting dang nguyén liéu cu
thé):

® Luong céc tdng: nguyén liéu ning ludn ¢é néng dé tap chat cao, ham lwong cacbon
Conradson cao. Cic tap chat nay tao ra mot lugng c8c trén chit xic tic 16n hon so vdi
cracking nguyén li¢u binh thudng. Viéc d6t chdy cfc d6 doi hoi mot lugng khéng khi tang

cudmg cho thiét bi hoan nguyén. Trong nhiing hé théng FCC thong thudng, viéc hoan
nguyén dé din dén sut gidm ning suft thiét bj,

e Cdn phdi han ché tap chdt kim loai
Kim loai trong nguyén liéu nang hdu nhu déu ling dong trén chét xic tic. Cic kim
loai d6 tao ra hai hiéu tng quan trong.

(i} Xdc tdc cho cdc phan ing dehydro ho4,tao ra nhiéu khi nhe (H,,..) v tao thém mot
lugng cdce.

(ii) Kim loai ddu déc cdc tam hoat tinh xiic tdc, din dén sy suy giam hoat tinh xic téc.
Dé khic phuc hién tng ndy ngudi ta phai thay thé ddn dén chét xic tdc (thém va 14y bét chat
Xlic tic) trong qud trinh cracking.

® Tap chdt lwu huynh va nito

Ham lugng cdc hop chét lvu huynh va nito trong cdc sdn phdm FCC, trong chat thai,
va trong khi xa tang lén dang k€ khi ché& bién nguyén lidu ¢ nhiét do s6i cao vi tap chit luu
huynh va nito trong cdc nguyén lidu d6 cao hon nhiéu so véi nguyén ligu thong thuomg. Tuy
nhién trong trudng hop d6i véi nito, vdn dé khong chi 12 néng d6 cao cta hop chit nito trong
san phém, ma chi yéu 1a do mét phan nito tén tai duéi dang hgp chét nito bazo, cic hgp chat
ndy s€ ddu doc cdc tam axit v do dé 1am suy giam hoat tinh cia chit xic tic.
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¢ Vdn dé cn bing nhiét: khong ché can bing nhiét 13 vén dé diu tién phai d&i phé va
1a réc r6i nhét khi ch€ bién nguyén liéu niang. Vi lugng cic dang cacbon tap chit ting lén,
nén nhiét d9 cha thi€t bi hoan nguyén gia tang r5 rét.

Ngudi ta c6 thé diéu chinh cic tham s6 van hanh dé khéng ché nhiét do cha thiét bi
hoan nguyén xic tic. Song khi nhiét d dat qud cao so véi nhiét do hoat dong ciia chit xic
tic thi ngudi ta phai b8 sung them cdc b6 phan tdn nhiet phu trg bén ngodi dé gidm nhiét do
cha regenerator, ching han nhu, phai ¢é bé phan lam ngudi chit xic tac (catalyst cooler).

Hién nay khoang 25 hé théng FCC ciia UOP da sl dung nguén nguyén ligu c6 nhiét
d soi cao. Vay ma chéit lugng san phdm chia cdc hé théng FCC d6 khong khéc gi chat luong
clia sin phdm dugc ché bi€n tir cdc gas oil thong thudng. N6i chung gi4 tri octan ciia gasolin
t6t,chét lugng cdc ddu CO (cycle oil) ciling tuong ty, cdc phdn ddu d6t ning cé do nhét thip
va ham luong kim loai thap.

e Ddu da xit Iy kim loai (demetallized oil)

Trong khoang mét vai nim gin day,ddu d3 xir ly kim loai (DMO, demetallized oil) la
m¢t hop phin chinh ciia nguyén liéu trong mot vai hé théng FCC duoe thiét k€ bai UOP.

Didu DMO nay nhén duge tit sy chiét tich dong sin phim ddy thap cdt chan khéng
bing dung méi parafin nhe. Qua trinh chiét tich dung moi hién dai da tao ra hi¢éu suit DMO
cao hon so véi qud trinh tdch asphalten bang propan di duge st dung trong nhiéu nim va
nhiéu noi dé san xuft nguyén ligu cho FCC. Ddu DMO con chita kh4 nhiéu tap chat.

N&i chung, cdc ddu DMO 13 ngudn nguyén liéu 16t cho cracking, tuy nhién céc ddu d6
cin duge hydro - xit 1§ tiép tuc d€ gidm mifc do tap chat kim loai va ting ham lugng hydro
clia dau.

e Ddu cdn chung cdt khi guyén (atmopheric residue)

Nhiéu nha loc diu da Iya chon diu cin chung c4t khi quyén lam nguyén liéu bd sung
cho cdc he th6ng FCC da c6. Sy lya chon d6 xudt phit tir ¥ d6 muén chuyén hod hét cic
phdn nang nhat clia ddu the. DAu cin tir chung cat khi quyén duge b sung tir mét luong
trong d6i nhd vao ngudn nguyén liéu tdng dén thay thé toan bo. Dé cai thién qui trinh ché
bi€n nguén nguyén liéu c6 nhiét do soi cao d6, mot s& nha may duoc stra chira dé ning cidp
cong ngh¢. Mét s6 nha mdy di ti€n hanh b6 sung din dén lugng ddu can nhe bign déi cdc
di€u kién van hanh va ki thuat ché bi€n, va nhd can cr vio cdc kinh nghiém tich liy dugc
trong qué trinh cracking ddu cé nhiét do séi cao. ‘

Thye vay, hién nay trong cic nha mdy dugc thiét k€ theo céng nghé cracking gas oil
thong thudng, ngudi ta di tién hanh ch€ bién nguén nguyén liéu cé thanh phdn bién déi
trong mot khoang khd rong. Bing 4.3 gidi thiéu mét cong thire pha ché nguyén lieu gbm bon
loai: tr nguén diu ngot, diu chua dén ddu nhiéu tap chét tham chi c6 dén 4% cacbon
conradson.
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Bang 4.3. Nguyén liéu cracking pha ché

A B C D

M4t do, *API {1 trong) 28,2 245 26,4 22,4

(0,886) {0,907) {0,896) (0,919)
Thita s6 Kygp 12,1 1,75 12,1 11,95
Luu huynh, %kl 0,98 1,58 0,35 0,77
C&n cachon Conradson, %kl 1,01 1,25 247 3,95
Kim loai, ppmikl}
Niken 0,2 1.6 0,7 28
Vanadi 0,8 23 05 35
Phankhongchung cét duge & 65°C (1050°F), %LV 10 8 13 23

e Céng nghé RCC (céng nghé cracking xiic tic ddu cdn, residue catalytic cracking)

Khi nguén nguyén liéu cé néng d0 tap chit cao duge sit dung dé ché bién thi cic vin
dé nhu cai tao thiét k€ va diéu hanh ch€ d6 nhiét trd nén quan trong hang diu. M6t vai vi du
vé cdc ki€u nguyeén liéu cho c6ng nghé RCC dugc néu 1én trong bang 4.4,

Bang 4.4. Cic nguyén liéu cho cong nghé RCC

A B C D

Mat 4o, *API 21,3 19,1 21,2 224

_ (0,9260} (0,9396) (0,9267) {0,9194)
Thira s6 Ko 118 117 119 12,2
Luu huynh, %kl 1,1 2,1 0,55 0,1
Nite, %kl 0,14 0,19 0,23
Can cacboh Conradson, %kl - - 38 56
Can cacbon Rambottom, %kl 50 53 -
Kim lcai, ppm (k)
Niken 13 15 2,5 2,2
Vanadi 3 45 37 1

Theo bang 4.4 thdy ring: cong nghé RCC c6 thé ché bién ca nhitng nguén nguyén lieu
rdt khé xu 1y, chita ham lugng cacbon Conradson va kim loai tap chit kha cao. Trén bé mit
chdt xic téc c4n bing c6 khi ham lugng kim loai dat dén 10.000 ppm clia niken vi vanadi,
déi khi cé thé 1én dén 15.000 ppm. '

4.2.4. Gid thanh c6ng nghé

Vén diu tr cho mot hé théng cong nghé FCC ¢é cong sudt 35.000 thing diu/ngay 1am
viéc (BPSD: barrels per stream day), hoat dong trong ch€ d6 cfc 5,5%Kk], nguyén liéu mdi,
duge din ra trong bang 4.5.
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Bang 4.5. Vén dau tu

Thiét bi qua trink gém Gia thanh I4p dat udc tinh*, tridu USD
Reactor-regenerator, phan xudng khi, hé thdng chung cdt va
thiét bi foc byi tinh dién 103
Cac thigt bi trén + hé théng thu hdi nang lugng 114

* Gid chinh xdc +40% .

o Chi phi vdn hanh va thu hoi ndng luong

Chi phi van hanh cila he théng FCC ¢6 thé gidm ddng ké nhd thuc hién thu héi nang
lugng. Céc nha loc ddu tir 1au da bi€t t4n dung nguén ning luong tiém ning trong khi xa.
Sau mét s6 nam nghién ciru, mot hé¢ théng thu héi nang lugng da duge trién khai dé chuyén
nhiét ning cta khi x& thanh co nang bing mot tuabin giam 4p (expander turbine). Ning
lugng thu héi phu thuéc vao do giam 4p qua tuabin. Cong sudt cla tuabin ¢6 thé duge tinh
todn theo phirong trinh sau day (ma luc: ml):

K-1]

m1=2,808(EGT)(K—K-—T] 1-(%] j 4.2)
- 1

trong d6 E: thira s6 hiéu dung (0,8);
G: luu lugng khi xa (s6 mol cha mét pao khi xa (pound = 0,454 kg) trong don vi
thoi gian, mol/s);
R: hdng s6 khi;
T: nhiét 48, °R;
K: thira s6 doan nhiét (1,313 d6i véi khi xa);
Pg: 4p sudt khi sau tuabin;

Py: 4p sudt vao tuabin.

Theo cdc thi€t k€ hién nay, trong cdc hé théng FCC hién dai, nang luong thu héi duoc
chuyén hod thanh dién ning di hoac du thira dé cung cdp cho he théng van chuyén khéng
khi. Ngoai vén dé thu héi nang lugng, hé théng FCC 6 thé duge thiét k&€ dé san xust ra mot
lugng 16n hoi nude & dp sudt cao (42 bar). Nguén hoi nude chi yéu duge tao ra tir nhiét trao
d8i clia cdc san phdm ddy cha cot chung cét chinh va tir néi hoi tdn dung nhiét cha khi xa
sau hodn nguyén.

Chi phi van hanh dién hinh ciia hé théng FCC c6 va khéng c6 thu héi nang luong duoc
trinh bay trong bang 4.6. Cdc s6 liéu nhan dugc tir hé théng ché bién ddu VGO Trung Péng
theo phuong 4n san phdm gasolin v6i phan xuémg khi c6 5 thap xir 1y, loc bui tinh dién va
ndi hoi.
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Bang 4.6.

Chi phi van hanh dién hinh

Thu hdi ndng lvgng Khéng thu hdi ning ligng
Thiét bi dién, kWh/1000 thung -300 1200
Huai nudéc: 12 32
42 bar -14 -14
10,5 bar 2.3 23
3,2 bar 34 34
Nudc da x{ ly 175 175
Nudc lam 1anh
Vat lidu:
Chat xdc tac 0,16 0,16

Gid trj duong:tiéu thy,
Gid thi 4m: thu héi.

4.2.5. Tinh hinh thi trudng

FCC 12 mét trong nhitng qua trinh duoc dp dung réng rai nhit trong cic nha mdy loc
ddu. Hon 450 hé théng FCC di duge x4y dung nhiéu noi trén thé€ gi6i k€ tit khi cong nghé
nay duge thwong mai hoi. Vao cudi nim 1994, khoang 350 hé théng dang hoat dong va
khodng 20 hé théng mdi dang duoc thiét k&€ va xay dung. Céng sudt hoat déng clia cdc co s&

FCC duge gidi thiéu trong bang 4.7.

Bang 4.7. Cong suit cia cac hé thong FCC trén thé gidi

Céng suit ddu thd, Cracking x(c tac
Triéu BPCD Triéu BPCD
Bic My 18,8 6,0
Chau A va khu vure Thai Binh Duong 14,4 2.1
Tay Au 14,2 2.4
Pong Au va cac nuéc thudc Lign X (trudc day) 12,9 0,7
Nam M§ va vung Caribe 58 1,0
Trung Bong 53 0.3
Chau My 0,8 0.2
T8ng cong 74,2 12,4

* BPCD: barrel/ngdy (theo lich), ngudn (ai lieu tham khao: Oil and Gas Journal, December 1994.

N6i chung, c6ng suit cdc hé théng FCC bing khodng 1/3 cong suit ddu thod ché hién,
va hdu nhu né twong tng véi phén thé tich cha VGO trong déu the. Cong sust d6 c6 thé cao
hon néu phén diu cin chan khéng duge b8 sung vao nguyén liéu cho FCC. Ngodi ra, mot s6
nha loc ddu lai muén bén tryc ti€p VGO duéi dang san phdm nhién Ligu trong trudng hop
nay cong suft cia FCC con th4p han nhiéu.
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FCC 16 rang 1a mét qud trinh chuyén héa duoc wu tién lva chon trong hoan canh ma
gasolin, hodc diing hon, sdn phdm chung ¢4t trung binh dugc chon 12 san ph&m mong mudn.

Trong bang 4.7, chiing ta thiy cong suidt FCC & cdc viing Bac M¥ 1a kh4 16n vi & d6
ngudi ta cin sdn phdm chung c4t trung binh nhiéu hon.

No6i chung hiéu sudt va tinh chét clia nhién liéu tén lira hodc diesel tir hydrocracking 1a
t6t hon so véi tir FCC.

4.3. Qua trinh RFCC ctia S&W - IFP

Tap doan cong nghiép Stone&Webster (S&W) két hop véi Vién Didu md Phap IFP
(Institut Frangais de Pétrole) sdng ché ra cong nghé cracking xic tdc pha lwu thé RFCC
(residual fluid catalytic cracking) 4p dung dac biét cho nguyen litu ning. Hé théng RFCC
dé dugc trién khai trong nhiéu nam ddu cia thap ky 1980 bai hang ddu mo Total tai cdc nha
mdy loc ddu Kansas, Oklahama,... VA nhiéu not khdc trén thé giéi (bang 4.8).

Baing 4.8. Céc hé thong RFCC cia SXW-IFP di vay dung

Nha may loc dau Dia diém Cong sudt, BPSD Hoat dang tir ndm
A Kansas 20.000 1981
B : Oklahoma 25.000/40.000 1982
C Canada 19.000 1985
D Nhat Ban 40.000 1987
E Australia 25.000 1987
F Canada 25.000 1987
G Trung Qudc 23.000 1087
H Trung Qudc : 21.000 1989
I Trung Quéc 28.000 1990
J Trung Quéc 21.000 1990
K Trung Quéc 21.000 1999
L Nhat Ban 30.000 - 1992
M Nhat Bén 31.600 1994
N Uruguay 9.000 1994
0 California 31.000 - .
P Singapore . 24.000 1995
Q Han Qudc 50,000 1995
R Han Qudc 30.000 1995
S Thai Lan 37.000 1906
T Malaysia 55.000 -
U Thai Lan 14.000 -
v An Do ~15.000 1997
w An B9 60,000 1998

* Cong suit thiet k& 40.000 BPSD, dang hoat dong 25.000 BPSD.barrel/ngay).
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Nhu da néi & phin 4.1, céc nha loc ddu ngdy cang quan tam ché bién cdc nguyén ligu
ning. Do d6 ching t6i gidi thiéu qua trinh RFCC dé doc gia Viét Nam quan tdm tham khao.

4.3.1. Gidi thiéu qua trinh RFCC (S&W-IFP)

C6 hai mo hinh co ban cia RFCC dugce gidi thiéu. M6 hinh thi nhat 13 phé bi€n nhit
va durge thiét k€ theo ciu hinh thiét bi hoin nguyén “ndi ti€p” (connected) nhu trén hinh 4.9.
M6 hinh nay ddi héi dién tich lip dat nhé. Mo hinh thir hai theo cdu hinh thiét bi hoan
nguyén “song song” (side-by-side) dugc 4p dung d€ déi méi céc hé FCC cii thanh RECC.

Trong hinh 4.9 gi6i thi¢u so d6 cong ngh¢ clia mo hinh regenerator "néi ti€p” trong hé
RFCC.

Hé théng FCC gém reacto-6ng ding (riser-reactor), b6 phan tach (1am sach) chat xiic
tdc (catalyst stripper), budng hoan nguyén chit xic tdc giai doan 1, bubng hoin nguyén chét
xide tdc giai doan 2, va cic 6ng din xic tic. So dé diy chuyén cong nghé hoan nguyén theo
mo hinh.“song song” ciing hoan toan twong tir nhu mo hinh “néi ti€p", chi khdc nhau vé sir lru
chuyén chat xiic tdc giita hai bo phan hodn nguyén chit xiic tic giai doan | va giai doan 2.

Nguyén ligu ban ddu dugc phin tén rat déu vd min véi hot nuée réi duge phun vio 6ng
ding bing cdc ddu phun nguyén liéu. Cic hat nhé nguyén liéu ti€p xidc véi chét xic tic
néng vira moi hoin nguyén va 1ap tic hod hoi. Céc phan tit ddu hoa tron rit déng déu véi cde
hat xdc téc va bi cracking thanh cdc sin phdm nhe ¢é gid tri hon.

Cac ddu phun khéng ché nhiét do clia hén hop (chét xide téc va nguyén ligu) bing cach
phun mét luong thich hop san phdm hoan huu d€ 1am ngudi chét xic tic va hoi nguyén liéu.
Nho céch d6, ngudi ta ¢é thé khong ché€ duge nhiét do trong ving phan tng giita chat xic
tic nguyén liéu. Nhiét 49 ddu ra cia 6ng phin ung (ROT, riser outlet temperature) dge
khéng ché bang van diéu ti€t chét xic tdc sau khi 4 hoan nguyén.

Hén hop phan ing di chuyén 1&n phia trén 8ng phan img, sau dé chat xiic tc, hoi nude
v hydrocacbon chuyén qua mét bo phén cudi clia 6ng phan ing (duge goi 13 bo phan
Ramshorn do S&W-IFP sing ch&). B phan nay nhanh chéng tich thit xic tac khdi hoi
nude va hoi hydrocacbon. Hoi duoc 1am ngudi nhanh bén trong 6ng thodt khi clia Ramshorn
d€ gidm thiéu cdc phén Gng phan huy nhiét cic san phdm phan tng.

Chat xiic tdc va khong khi dé d6t chdy c6c di nguge chiéu nhau trong khu vire hoan
nguyén giai doan 1. Khong khi chay dugc phan phéi vdo budng hoan nguyén bing céc vong
cip khong khi. Khéng khi phan tin déu qua 16p xiic tdc tao ra mot "16p s6i" (tdng s6i) va
phan ng chdy c6c. Chdt xiic tic dugc hodn nguyén mot phan di ra khdi budng hoan nguyén
giai doan 1 qua mét van & phin phia ddy, van ndy cbn ¢6 nhiém vu giit én dinh miic (16p)
chat xic tic trong bubng hoan nguyén, chit xic tic duge chuyén dén khu virc hoan nguyén
giai doan 2 trong mot &ng din bling khong féhl’_phun qua cdc 16 van. Khi chdy di vao budng
hoan nguyén giai doan 2. Diéu kién chiy trong budng hoan nguyén giai doan 1 khéng khic
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nghiét vi ngudi ta muén thue hién mot sy d6t chiy c6c khong hoan toan. Nhiét do thdp bao
dim duy tri bé mat riéng va tinh chat xic tdc clia vat liéu rdn, phin con lai duge d6t chiy &
buéng hoin nguyén giai doan 2. Nhor d6, hé théng RFCC c6 kha nang ché bién da dang cic
nguyén liéu khiac nhau tir ddu c@n dé€n diu gas oil binh thudng. D6i véi nguyén lieu nang,
70% lugng c6c duge d6t chdy trong budng hoan nguyén giai doan 1, trong khi dé, chi 50%
coc duge d6t chdy d6i véi gas oil. Hiu nhu toan b6 hydro ciia c8c duge chiy trong buéng
hoan nguyén giai doan 1 & nhiét do thap nén 3 han ché t5i da sit suy gidm hoat tinh xiic tic
vi tdc dong thuy nhiét,

Trong budng hoan nguyén giai doan 2, phin cacbon con lai trén chdt xic tde duge dot
chdy hoan toan trong diéu ki¢n du oxy, lam cho nhiét d¢ cao hon & buéng hoin nguyén giai
doan 1. Vong phéan phdi khong khi clia budng hoan nguyén thir 2 cung cip mét phin khéong
khi dé dot chdy c6c, mot phdn khéc 1a khéng khi duge cdp vao d€ chuyén chét xiic tac tir
buéng 1 1én budng 2. Vi hdu hét hydro cha c6c da chdy hét trong gia, doan 1 nén ham luong
am trong giai doan 2 r4t thap. Do d6, nhiét d6 hoan nguyén & giai doan 2 cao hon ma khong
gay ra sy phd v& c4u triic tinh thé ciia zeolit do tic dong clia moi trxdmg thuy nhiét (hoi nudc
6 nhiét do cao).

Buéng hoan nguyén giai doan 2 c6 thé tich t5i thiéu d€ han ché su gia tang nhiét do.
Khi x4 sau hoan nguyén di qua &ng 1én dinh cla reacto gin 18i vao xyclon, & dé chét xiic tic
bi gat lai qua ong gép (dipleg) cua bd phan Ramshorn vio bo phan lam sach chét xic téc
bing hoi nudc (steam stripper). Khodng dich chuyén hén hgp sau phan tng khéng dai, nén
thti gian lum clia hoi hydrocacbon rét ngin, han ch€ céc phin ttng nhiét khéng mong muén
trong khong gian reacto. Sin ph8m phdn dng, khi tro, hoi nueée va mot lugng rat nhd chat
xdc téc con lai duge din dé€n ddy thap chung cét chinh dé phan riéng thanh cic san phim
khde nhau.

Bén dudi cac 6ng gbp chit xic tic (dipleg), hoi nudc duge cip vio nhanh chéng tach
b4 hydrocacbon badm vao chit xiic tdc. Néu khong xir 1 nhanh nhu thé thi hydrocacbon hap
phu d6 c6 thé polyme hod tao thanh c6c. Khéng gian ciia bo phén tach (stripper) nay bi ngan
ra thanh 4 bdi cdc tdm chin. Hoi nudc tir vong phan phéi chinh lam cho 16p xiic tic linh
déng dang *“tdng s6i”, 16t cudn cdc hydrocacbon, tich bd hydrocacbon bam vio chit xiic tic
tru6c khi chat xdc téc di vio thiet bi hodn nguyén. M@t vong phan phéi hoi nudc khd min
dwoe dit & ddy strippo (stripper) dé gilf cho chit xdc tde & trang thdi khd linh dong, va dé
“chay” qua 6ng din vio regeneratg.

Chét xiic téc da dugce tich sach hydrocacbon chay vao mét doan 6ng nghiéng 45°, vio mot
doan 6ng thing diing, réi lai vio mot doan 8ng nghién 45° thit 2, n6i véi regenerato giai
doan 1. Van diéu chinh lvong xdc tdc sau phén ing duge dit & doan cusi 8ng nghiéng 45° va
kh&ng ché€ luong xic tic trong stripper. Cdc 6ng din xidc tzic.ducjc cép khi (khéng khi) dé
bio dam dong chit xiic tic chay déu din. Toc do dong khi duoc diéu chinh dé duy tri mat do
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chat xdc tdc 6n dinh trong céc dng phéan tng khi thay déi t6c d¢ luan chuyén hoic thay déi
chit xic tic. Chét xic tdc di vao khu virc hoan nguyén giai doan mét qua hé xyclon 2 cip
dit bén ngoai budng hoin nguyén. Chét xic tic duge giit lai r6i quay vé budng hoan
nguyén, khi x4 duge din dén cdc b phan thu héi nhiét,

Né&u cin cacbon Conradson 16n hon 7% thi buéng hoan nguyén giai doan 2 cdn cé su
hé trg cia by phdn 1am nguoi chat xic téc (nhy trong hinh 4.9) dé 1am giam nhiét d6 hoan
nguyén xudng dudi 760°C. Chét xic tic duge dua vao thiét bi lam ngusi & trang thdi mat do
cao, sau d6 chuyén qua 6ng nang bang khéng khi quay trd vé hoan nguyén. Nhiét thu héi do
lam nguoi chat xic tic dung dé tao ra hoi nude béo hoa 4p suit cao. Nang luc 1am ngudi cé
thé thay ddi bing cdch diéu chinh t8c d6 luu chuyén chét xiic tic qua thigt bi 1im nguoi.

Chét xiic tic dd hoan nguyén va codn néng tir budng hoan nguyén giai doan 2 chdy vao
mot thing chira xidc tic. Thiing nay di€u chinh m4t dé chat xie téc trude khi vao 6ng thing
ding (dudi thung chita). Thiét k€ nhu vy bdo ddm sy di chuyén déu dan, tudn tu cha chit
xlic tdc khi vao 6ng phdn tng cracking. Cic mao khi (khong khi) duge dat & cac vi tri khic
nhau ctia 6ng ding phia dudi thung chita d€ bdo dam sy cung cip khéng khi theo cic ché do
lwvu chuyén khac nhau cia cht xic téc hoac khi thay d6i chiing loai chat xdc tic. Chat xdc
tic di qua van diéu chinh, van nly khéng ché nhiét do reacto bing cdch diéu chinh luong
chét xic tdc. Sau d6, chit xic tic d6 di qua mot doan 6ng nghiéng 45° ndi véi day ong phan
tng. O day ¢ cdc mao phun hoi nude 8n dinh 1am phén tan chét xiic téc, trude khi dén viing
phun nguyén liéu. Bo phan phia duéi cac voi phun nguyén liéu c6 nhiém vu 6n dinh dong
chét xiic tic va ngan khong cho nguyén liéu chuyén dong nguge dong.

4.3.2. Cdc vén dé céng nghé
o Vdn dé khi xd

Hé théng khi xa clha céng nghé RFCC hau nhr khéng hoan toan nhu nhau giita co sd
ndy v&i co sd khic, boi vi con phu thudc vio céc yéu ciu vé tiéu chuin méi trudmg timg dia
phuong va vao cich lua chen clia nha loc ddu. Mot vi du vé hé théng khi xa duge trinh bay
trén hinh 4.10. Méi mot dudng din khi x4 ¢6 moét van diéu chinh va mé6t budng réng. Van
diéu chinh khi ciia buéng hoan nguyén giai doan 1 (FGSV, flue gas slide valve) diéu chinh
sit chénh léch 4p suft gita hai bubng hoan nguyén, trong khi d6 FGSV clia buéng hoan
nguyén giai doan 2 khéng ché truc ti€p dp sudt cia bubng 2. Mdi mot bubng réng ¢6 nhiém
vu gidm 4p cla hé théng. ‘ '

Ld d6t CO duge dit & vi tri ngay sau buéng réng cla buéng-hoim nguyén giai doan
1, tai d6 CO duge oxyhod thanh CO, bing khi d6t va khong khi. Nhiét do ra x4p xi 980°C
v6i 1% O,. Khi tir 16 d6t CO két hop v6i khi xa cda bubng hodn nguyén giai doan 2 di vao
budng 1am nguéi. Nhiét duge thu héi & day cung cip cho hoi nudc 4p suét cao. Cubi ciing
khi xa duge phan tin vao khi quyén qua 6ng khéi nha miy.
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B¢ phan khéng

ch& ap suat V108 i ® - Bé&n dng khoi
Tir by phin hoan =— {0 —
nguyén giai doan 2 — Dén bd phin san
xudt hoi nudc ap
sudt cao
V.106
oL
B phan khdng - . __]
ché &p sudt =————~mm . 9 P-102
V-107
ri it
Tir b$ phén hoan E =il | i’ / IIT— |
hguyén giai doan 1 )S:m E-102 & -
H-103
Tur b phan 1am Kh xé
ngudi chét xtc tac o—
Nudc c&p cho néi hai

Hinh 4.10. So 46 cong nghé qua trinh xit 1y khif x4
V-107: budng rong cla khi xa hoan nguyén giai doan 1;
V-108: budng réng cda khi x4 hoan nguyén giai doan 2;
H-103: 1o 46t CO:

E-102: hé lam lanh khi x3;
V-106: thunglam lanh khi x4 bing hai nude;
P-102: bam tuan hoan cla hé lam ngudi khi xa.

Cdc he théng RFCC c6 cong suflt 16n c6 thé sit dung mot diy thiét bi thu héi nang
lugng va hé xyclon 3 cap trén dudng din khi x4 sau budng hoan nguyén giai doan 1 dé cung
¢dp cho cic mdy théi khi. Tuy thude vio tiéu chudn khi thii cla ting dia phuong, mot may
loc bui finh dién (ESP, electro static precipitator), hodc cic thiét bi thu héi bui kiéu khéac
nhu hé xyclon 3 cdp, khi khi xa chia nhiéu SO, va NO, thi ngudi ta cdn phai cé thém céc
bién phdp khic nhu thém chit phu trg xiic tdc gidm SO, hodc céc qud trinh thu héi SO,
va/hoac khit chon loc xic téc (CSR) d€ loai trir NO, .

® Hé diéu hank chdt xidc tac

Hé di€u hanh chat xiic tdc c6 ba chifc nang riéng biét:

- Luu git va va thdo b chét xiic tic da sir dung.

- Luu giit chit xiic tdic mdi va bé sung.

- Luu giir chét xiic tic can bing va b8 sung.

Ngan dung chit xiic tic da sir dung nhan truc tiép chit xdc tic néng tir budng hoin
nguyén giai doan 2 nhim duy tri mét luong 8n dinh chét xde tac trong qud trinh hoat dong.
Ngoai ra ngin dyng xitc tic d4 sir dung con duge dung dé giam bét lugng xiic tdc hodc luu
trir chét xdc téc trong th¥i ky stra chita héng héc.
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Ngin dung chdt xic tic m6i 13 noi cdp chit xidc tdc hang ngiy. Lugng xic tic moi
duoc bé sung vio sao cho dam bio hoat tinh t6i ru chia chat xiic tic.

Déi véi h¢ thong RFCC con c6 thém mot ngan thit ba danh cho chét xdc tdc cin bing.
Tuong ty nhu ngin xic tic méi, ngin dung chdt xic tic cin bing c¢6 nhiém vu du trit va
cung cép chit xiic tdc hang ngay. Chat xiic tdc can bang khéng déng gép nhiéu cho viéc gia
tang hoat tinh xiic tdc ma ¢é nhiém vu “thu gom” kim loai khi xit 1y cdc nguén nguyén lidu
nang ¢6 ham lugng kim loai cao. Do d6, liéu lugng cia chit xiic tdc c4n bing duoc thém vio
duge x4c dinh dua trén ham luong kim loai duge phép trén mét don vi chét xdc tic can bing.
Cic ti 1& chét xtc tdc mdi b6 sung duge ciin cit vao hoat tinh xic tic cin phai duy tri cho
phan tmg cracking.

o Nguvén liéu cho RFCC

Uu diém ndi bat nhat cia hé théng RFCC 12 kha ning ché bién da dang cic nguén
nguyén li¢u. Bang 4.9 din ra mot s§ tinh chat cia nguén nguyén liéu di duge ché bién thanh
cong bang hé théng RFCC: S&W-TFP.

Nguyén liéu cho RFCC ¢6 thé cé nhiéu dang, tir gas oil chan khéng da duge hydro xit
ly (VGO) dén cdc sdn phim ddy thdp chung cat khi quyén gian aromat (ATB, aromatic
tower bottoms), vi du nhu ATB nhe Ardp. Nguyén liéu cho RFCC ciing ¢6 thé 1a m6t t6 hgp
pha trén cha nhiéu nguén nguyén liéu khac nhau nhr VGO két hgp vé6i gas oil chan khong
cta 1o c6c, véi VTB (san phim ddy thdap chung cit chan khéng,vacuum tower bottoms), véi
ddu da tich asphalt (DAO, deasphalted oil), sdp thé ho#c ddu chiét. Trong thuc t&, cé thé cé
rat nhiéu dang, nhiéu hop phin nguyén liéu cho RFCC va khéng thé liét ké hét duoc.

Vi sao RFCC lai ¢6 thé ch€ bién nhiéu dang nguyén liéu nhu vay? Dé 1 vi RFCC ¢6
hé hoan nguyén 2 giai doan. Chi s8 dic tring cho nguyén liéu ¢6 kha ning tao ra nhiéu céc
la can cacbon conradson (CCR, conradson carbon residue).

Bang 4.9. Pac trung co ban ctia nguon nguyén liéu cho RFCC

Tinh chét Khodng tham sé
Mat do, °API 19+ 29
Can cachon Conradson, %kl 0+-8
Sunfua, %kl 02+24
Nita, %kl 0,05 + 0,30
Kim loai (Ni+V) ppm (kl) 0+50
Cac ciu tlr sbi trén 540°C, %tt 0= 58

Khi ham lugng cin trong nguyén liéu tang thi lugng CCR ciing tang. Bing 4,10 so
sdnh mitc CCR cuc dai c6 thé ché bién trong hé théng c6 thi€t bi hoan nguyeén | giai doan va
2 giai doan.
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Bang 4.10. Kha niing ché bién nguyén lieu nang
trong cdc hé thong cé thiét bi hoan nguyén khac nhau

Ha théng Ham Ivgng cachon Conradson, %k!
Thiét bi hoan nguyén 1 giai doan
Chéy hoan toan 2,5
Chay khéng hoan toan 3.5
Chay khong hoan toan + MTC 4,0
He 1am ngudi chit xdc tac Khéng
Thiét bi hoan nguyén 2 giai doan
Khéng c6 MTC 6,0
Vdai MTC 7.0
Hé lam ngudi chat xic tac Khang

Ghi chii, MTC: hg khéng ché nhiét d6 hén hgp (mix temperature control).

Gan day, nhu cdu chuyén hoa cdc sin phdm ddy ngay cang tang dé tao ra nhién lieu
sach cho vin tai (ham lugng lwu huynh thap) két hop véi sy suy gidm ngudn ddu ngot nén
nguoi ta mGi quan tdAm dén cdc qud trinh hydro desulfua hod vi hydro desulfua hod ddu can
ting lén. Nguai ta nhan thiy ring d6 13 mot cong nghé kha thi dé nang cdp chit luong VTB
bing cdch sit dung qué trinh hydro desulfua hod ddu cin chan khéng (VRDS) cho nguyén
liéu diing cho hé théng RFCC kién S&W-IFP. Ché bién 100% VTB trong hé théng RFCC Ia
hiéu qua hon so véi cdc cong nghé truyén théng.

s Cdc diéu kién vdn hanh

Ciing nhu cidc he thong FCC truyén théng, cong nghé RFCC S&W-IFP ¢6 thé hoat
dong theo céc ché d¢ khic nhau: san phdm chung chét cuc dai, gasolin cuc dai hoac olefin
cuc dai. D6 chuyén hod gidm trong ché& d6 san phdm chung cit cuc dai vi tang trong ché do
olefin cyc dai duge diéu chinh bing céch khéng ché nhiét do ddu ra cia 6ng phan iing
(ROT, riser outlet temperature) va hoat tinh chit xdc tdc, khodng 1am viéc dién hinh d6i véi
3 ch€ d6 néi trén 12: san phim chung cit cyc dai, 510°C ROT t6i thiéu; gasolin cuc dai, 510
+ 530°C ROT; va olefin cyc dai 530 + 550°C ROT, d6i v6i ch€ d6 sidn phdm chung cdt cuc
dai, su khéng ch€ nhigt d¢ hén hop ( MTC, Mix temprature control) 12 quan trong dé duy tri
nhiét do ddi hoi cho sy hod hoi nguyén liéu cin khi ROT thdp hon. Tuong tu, cong nghé l1am
nguéi hoi chit phan wng 1a mét khau quan trong trong ch& do olefin cuc dai nhim giam
cracking nhiét khi nhiét d6 reacto cao. Cic diéu kién van hanh dién hinh khic ctia RFCC
dwoc néu ra trong bang 4,11. Cic vi du vé hiéu sudt san phim clia RFCC S&W - IFP duoc
din ra tif bang 4.12. '
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Bang 4.11. Cae diéu kién van hanh dién hinh cia RFCC

Reacto
Ap suat, kg/ cm? 1,1+21
Nhigtdg,°C 510 = 550
MTC hdi luu, % thé tich nguyén lidu 10 + 25
Hai nude phan tan vao nguyen ligu, %kl nguyén ligu 3070
Hai nude tach sach, kg / 100 kg x0c tac 30+50
Hoi nude dang mixel %kl nguyén liéu 1,5
Hoén nguyén xdc tac giai doan mjt
Ap sust, kg/cm? 14:25%
Nhiét do, °C 620 + 690
coico, 0,3+1,0
0,, % thé tich 0,2
Céc chay, %k 50+ 70
Hoan nguyén xlic tic giai doan hai
Ap sudt, kgicm? 0,7+1,4
Nhiet 49, °C 675 + 760
0,, % thé tich ] 2,0
Céc chay, %kl : 30 + 50

* Ap suflt clia budng hoan nguyén giai doan 2 phdn dnh cfu tao thi€t bi hodn nguyén “ndi
1i€p”. DGi v6i thi€t bi hodn nguyén “song song”, 4p suft trong giai doan 2 tuong tu nhu dp suat
trong giai doan 1.

Bang 4.12. Hiéu suat sin pham RFCC

Bon vi (nam)
A {1987} B (1993)

Tinh chét nguyén ligu

540°C + ' 36 58

Cac cau tlr, LV %

CRC, %k 549 49

Mat do, “AP} 22,3 25,1
Higu suat

Khi kho, %k 43 3.2

Cs- Cq. LV% 24,9 305

Gasolin, LV% 60,2 61,5

LCO, LV% 75 14,0

Dau sét, LV% 6.6 49

Céc, %kl 78 8,0
Do chuyén hoa, LV% 75,9 81,1
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o Chdt xiic tdc cho RFCC

Chung loai xic tdc

Su hoat dong binh thudng ciia RFCC phy thuoc khéng chi vao thiét k€ co khi ciia thist
bi chuyén hod ma con phu thudc vao su lya chon chat xic tdc. D& xir I nguyen litu RFCC
c6 lugng can t8i da, cdn lya chon mét chat xic tdc ¢6 ham lugng céc delta thap.

Cdc delta duge dinh nghia nhu sau:
Céc delta = %kl cacbon trén chét xdc tdc di phan dng - %kl CRC
0] day CRC: cacbon trén chét xic tic dd hoan nguyén, hodc duge dinh nghia:

% nguyén li¢u tao coc

Cécdelta= ————————— ;
i1 88 chit xiic tdie/nguyén lién

Cdc delta 13 mot chi 56 rat phd cap, khi c6c delta tang ¢6 thé din dén sir gia tang ding
k€ nhiét do cta thiét bi hoan nguyén.

Khi ch€ bi€n nguyén liéu can, c8c tao ra tir ngudn nguyén liéu déng gép phin chil yéu
cho c8c delta. DE gidm bdt dang cdc delta trong van hanh he théng RECC, S&W-IFP, ngudi
ta khuyén cdo nén lua chon chét xic tic sau day:

- Zeolit Y siéu bén (USY) c6 ham lugng dét hi€m thap.
- Hoat tinh xiic tic can bing theo MAT: 60 — 65.
- Pha nén ¢6 c6c¢ delta thdp.

Khi ham lugng kim loai cao (trong nguyén liéu), ngudi van hinh cé thé xem xét kha
nang st dung chit xiic tdc ¢d tdc nhan “biy” vanadi.

B¢ sung chdt xiic tdc

Céc nguyén liéu ciin thudng chita nhiéu kim loai. Trong qud trinh cracking, cic kim
loai déu “ling dong™ 1én bé mit chit xdc téc.Vi ché d6 hoan nguyén 2 giai doan khéng khic
nghiét nén ham lugng kim loai cia chét xic tdc cé thé dat dwge 10.000 ppm (k1) d6i véi
(Ni+V) ma hiéu sudt san phidm chua thay bi anh huéng ding k€. D6i vé6i ch€ do RFCC, viec
b6 sung chit xiic tic dua trén co s& duy tri 6n dinh hoat tinh va lirgng kim loai trén chat xic
tdc. Bién phdp hiéu quéi nh4t dé duy tri mic hoat tinh véi ham lugng kim loai cho phép 1 b8
sung ca chit xiic tic méi va chdt xdc tdc da lam viée 1au (dat can bang). Chat xic tdc can
bing 12 tic nhan “phan tdn” kim loai r4t hiéu qua, tuy nhién, né khéng anh hudng gi dén
hoat tinh xic tic cracking. Do d¢6, chit xiic tic cin bing duge bé sung vao chat xic tic m&i
dé khong ch€ rdt nhay va hiéu qua hoat tinh riéng va ham lugng kim loai trén moét don vi
chit xiic tdc.

Ché d6 hoan nguyén 2 giai doan

Trong ch€ d¢ hoan nguyén 2 giai doan cua cong nghé RFCC, chét xiic tic duoc hoin
nguyén trong 2 giai doan: 50 + 70% trong giai doan 1 va dat can bng trong giai doan 2.
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Sy hoan nguyén chdt xic téc trong giai doan 1 duge thuc hién trong moi trudng thi€u
oxy tao ra mét lueng CO dang k€. Vi nhiét chdy ciia cacbon thanh CO nhé hon 1/3 nhiét
chdy thanh CO, nén nhiét chuyén vao chét xic tdc it hon rat nhiéu so véi ch€ d6 hoan
nguyén chdy hoan toan 1 giai doan. Vi du, mot he th6ng RFCC nang suat 30.000 thung
ddu/ngay hoat dong (BPSD barels per stream day: thiing ddu/ngay hoat doéng) véi nguyén
liéu c6 22,5°API va hiéu sudt c6c 1a 7,5%kl v6i 60% cc duge dot chdy trong giai doan 1da
lam gidm bét mot luong nhiét truyén cho chét xiic tic khoang 25.10° kcal/h so véi hoan
nguyén ddt chdy hoan toin mot giai doan.

Phan cacbon con lai duge d6t chdy & giai doan 2 trong ché d6 chiy hoan toan. Vi
nhiét do cao nén cic xyclon duge thiét k€ bén ngohi dé giam thiéu thé tich clia buéng hoan
nguyén va c¢é thé s dung thép - cacbon.

 So sanh su hodn nguyén 2 giai dogn va hoan nguyén don-mét giai doan cé bo
phdn lam nguoi chdt xic tdc

Nguyen li lam viéc cta hai hé trén 1a khdc nhau. Uu diém cia hé hoan nguyén 2 giai
doan duge thé hién & khi ch€ bién cdc nguyen licu nang v ham luong kim loai cao.

Sau day 1a moét vai so sdnh gitta hai hé hodn nguyén néi trén.

- Nhiét d6 cia hé xic tic thip hon.

Vi hé hoan nguyén mét giai doan, nhiét toa ra trong thiét bi hoan nguyen duogc tich
ra bing b phan 1am ngudi chét xiic tic, trong khi dé véi hé hodn nguyén 2 giai doan, nhiét
tod ra it hon. Vi thé, nhiét do cha céc hat xic tdc khéng cao va do dé su suy gidm hoat tinh
clia hat xic tic ciing dugc han ché. Vi su chdy c6c xay ra trong 2 giai doan nén do khic
nghi¢t cia phan ing oxy hod trong méi mot giai doan déu khéng cao. Trong giai doan 1,
chat xidc tic vao timg phén tir dinh qua b phén phan phéi xiic tic, trong khi dé khéng khi
chdy di vao & duéi ddy clia budng hoan nguyén. Su di chuyén nguge chiu d6 cia chit xije
tdc va khong khi ngin ngira sir ti€p xic cia xic tic di tham gia phan dng (nhiéu cacbon) véi
khéng khi méi cho vao chira 21% oxy.

K&t qua 14, nhiét d6 hat xic tdc thdp hon va sur suy giam hoat tinh xiic tic do tic dung
nhiét nhoé hon trong thi€t bi hoan nguyén 2 giai doan.

- Su suy gidm hoat tinh xiic tic do tdc dong thuy nhiét thap hon

Trong giai doan 1, chdt xic tic chi duge hoan nguyén mot phédn, hiu hét nude hinh
thanh bai phan ting chdy hydro ciia c6c duge thuc hién trong giai doan 1. Hinh 4.11 chira %
hydro clia c6c da bi chay phu thudc vio hAm lrgng cacbon bi oxy ho4.

Vi nhiét d6 ctia buéng hoan nguyén giai doan 1thép, su suy giam hoat tinh xtc tic do
téc dong thuy nhiét duge han ché 5 rét. Trong budng hoan nguyén giai doan 2, nhiét do
khéng cao, 46 4m 1a cyc tiu, va do d6, khong c6 nguy co suy gidm hoat tinh do thuy nhiét
déi véi chét xic tdc.
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Hinh 4.11. Mitc d6 chdy cia hydro va hydrocacbon trong hé hoan nguyén 2 giai doan.

- B6 bén hoat tinh d6i véi kim loat t6t hon.

Khi cdc nha loc ddu sir dung cdc nguyén liéu chita nhiu kim loai, thi diéu hop 1y nhat
12 c6 thé van hanh trong diéu kién chét xic téc c6 do bén cao d6i véi kim loai (nghia 12 v6i
ham lugng kim loai cao trén bé mit ma chat xidc tdc vin con hoat tinh xvc tdc t6t). Cic két
qué nghién ciru di ching té rang luong kim loai cao (dic biét d&i véi Vanadi) din dén su
suy gidm hoat tinh déng k€ ciia chat xic téc khi ¢6 mat hoi nuée va oxy. Vi hdu hét hoi nuée
trong thi€t bi hoan nguyén dugc tao ra tir hydro cia c8c, nén haim lugng hoi 4m cé thé tinh
todn tryc ti€p. D61 véi hé hodn nguyén mét giai doan ham lugng 46 thudng 16n hon 10%.
Khi cé mit oxy, hoi nudc va Vanadi phan ing v6i nhau tao thanh axit vanadic. Axit ndy tdn
céng vao nhom trong cdu tric clia zeolit. Sy tich nhom phét rién s& lam “sap” cdu tric

zeolit va xdc tdc tr@ nén mat hoat tinh.

2V + %02 —_> V205

V,05 + H,0 — 2VO(OH),

Axit vanadic

Do d6, chiét xiic tic trong thiét bi hoan nguyén mot giai doan hoat déng trong diéu
kién du oxy va hoi 4m thudng bi axit vanadic pha v& cfu tric.

Phén chia sy hoan nguyén thanh 2 giai doan c6 thé cii thién tinh hinh néi trén. Trong
giai doan mot, hiu hét hydro (va do d6, hoi nuée) duge gidi phéng & nhiét do thap va khéng
¢6 oxy. Trong giai doan 2, su chdy cfc xay ra trong ch€ do oxy hod hoan toan, du oxy,
nhung ham lugng 4m rét it. Sy phd v& cfu tric cha zeolit do vanadi duge han ché t6i da, vi
trong giai doan 1 thi€u oxy va nhiét d6 thdp nén V,0Os rit it, con trong giai doan 2 thi axit
vanadic ciing khé hinh thanh vi rit it H,O. N6i mot cdch khdc phan tng
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2V + %oz — V,0

xdy ra rdt chim trong budng hoan nguyén giai doan 1vi thigu oxy, \":i\i phédn ing
V,05 + H,0 — 2VO(OH),
xdy ra khong dé dang trong budng hoin nguyén giai doan 2 vi hdm luong hoi 4m nhé.
Hoan nguyén 2 giai doan r rang 12 it khic nghiét hon két hop véi céc thé hé méi chat
xlic tic (thy dong hod vanadi...) s& cho phép cdc nha loc ddu ché bién cdc diu nang mot céch
¢6 hi¢u qua hon ma truéc day chua timg dat dugc.

® H¢é lam ngudi chdt xic téc

Trong day chuyén céng nghé¢ RFCC S&W-IFP ¢6 thiét k& mdt hé¢ théng lam ngubi
chdt xdc tic khi nguyén liéu cé ham lugng CCR 16n hon 6% hoac 7%kl. Cic hé 1am nguéi
chét xic tic ndy cé thé lap dat cho céc thiét bi hodn nguyén cia céc co sd FCC di cé.
Khoang hon mot chuc co s& dang st dung thiét k& nay, va mét s6 c¢o sd khac dang trong giai
doan xay dung. '

Mot vai dac diém clia hé 1am ngudi chit xic tic cia S&W nhu sau:

- Mat d¢ pha xiic tic 16n (dense phase), dong chit xiic tic di xudéng

- Su lwu chuyén chat xiic tic duge khc;ng ch€ bdi cdc van diéu chinh

- Khé ning diéu chinh tir 0 dén 100%.

- Khong cin hé théng 6ng din phiic tap.

- D6 chinh xdc co khi cao.

- Vo thi€t bi nguot.

- Vit li¢u bing thép - cacbon.

- D06 truyén nhiét cao - nhiét d6 thinh 6ng thap.

Nang luc 1am nguéi c6 thé dat tir thap ~2.10° kcal/h dén cao ~35.10° kcal/h. Trong
trudng hop cdn dat mic lam ngudi 16n hon 35.10° keal/h thi ¢6 thé ting dung cic b6 lam
ngudi két hop.

So d6 lap dat cita he 1am ngudi véi thi€t bj hoan nguyén 2 giai doan nhu trén hinh
4.12, |

Miic xiic tdc bén trong hé 1am ngu6i dugc khéng ché bdi van diéu khién chat xiic téc &
d4u vao. Khéng ché so bo nhiét dé cia thigt bi hoan nguyén dat duoc bing van diéu chinh
chét xiic tic & ddy. Khéng ché nhiét d6 chinh xdc bing khong khi luu thé hod vio hé 1am
ngudi.
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Hinh 4.12. So d6 1ap dat hé 1am ngudi chat xiic tac.

. Mét vai ddc diém ciia cong nghé S&W-IFP

Cong nghé S&W-IFP c¢6 nhitng dic diém cai ti€n vé d6 chon loc san phdm, cong sudt
thi€t bi va kha niing van hanh clia hé théng RFCC. Chinh nhitng dic di€ém dé6 ciling c6 thé tic
dung d€ nang cip cho cic hé cracking FCC truyén théng. Thuc vy, nhiéu van dé cong nghe
cua S&W-IFP d3a dugc ing dung hon 50 co s& FCC duge nang cap. San day la céc cai tién
ding chi y:

- (i) H¢ phun nguyén liéu

Hé phun nguyén liéu va bo phan phia duéi cla 6ng din nguyén liéu la phdn quan |
trong nhit caa RFCC/FCC.

Heé phun nguyén liéu cla céng nghé S&W-IFP cé nhitng dic diém chinh sau day:

- Truée diém phun nguyén liéu, ddng chdt xdc tdc & trang thai mat do cao nhé sir dung
mot lugng nhd hoi nuée dé 6n dinh ddng xic tdc va duy tri dong xic tic khd déng déu di
qua dng phan dng. ' (

- St phan t4n nguyén liéu vio trong 6ng phan tng bing hoi nudc nhd sir dung mét ddu
phun 2 budng chiy don gian nhung rat hi¢u qua.
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- Dua nguyén liéu vao dong chit xic tic & trang thdi mat do cao dang di chuyén lén
phia trén sao cho dat dirgc do lan truyén va tron lin cin thiét gifta chat xic tdc vi nguyén
liéu, nghia 12 sao cho dat duge sur truyén nhiét nhanh chéng tir hat xdc téc ndng d€n cic giot
ddu li ti, 1am ho4 hoi titc khic.

Bang 4.12 din ra cdc két qua cdi thién vé higu sust san phdm sau khi thay th€ hé phun
nguyen liéu cii bing hé phun nguyén licu S&W-IFP.

Bang 4.12. Su sai khac hiéu suét san phim giita hé phun nguyén liéu
cia S&W-IFP va hé cti

$3n phim : Chénh l&ch higu sujt :
CasoA CosdB

Khi khd, %kl 0,0 -1,3
C,vaC,, %LV +1,5 -15
Gasolin, %LV +3,4 +6§.2
LCO, %LV +1,6 -4,5
DAu set, %LV -6,5 -0,3
Cdc, %k 0,0 -01
B chuyén hoa, %LV +49 +4.8

Ddu phun nguyén lidu clia S&W-IFP duoc gi6i thiéu nhu trén hinh 4.13.

M
L3 dan dau

L dan hei nude

Hinh 4.13. Diu phun nguyén lidu theo thiét k& S&W-IFP.

Ddu phun nguyén lieu - 2 Judng (luéng hoi nuéc, luéng ddu) hoat dong bing cach
phun déu ¢6 4p luc nguge voi dia chidn dé phan tin d4u thanh mang diu min, hoi nudc phun
qua 16p ddn tao ra swong mit ddu. Dang swong nay ducc phun vio Ong phan ing nh& mot ddu
phun (mil) duge thiét k€ dic biét ddm bio lugng ddu phan tdn cyc dai ma khong va dap
manh vio thanh va gdy hu hong thanh 6ng phén ing.

He¢ phun nguyén liéu nay di duge trién khai cho nhiéu co sé& RECC, & d6 diu can cé
d6 nhét cao va rdt khé phan tdn. D€ tao ra su phan tan t6t cho céc ddu ning, viéc thigt ké
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d4u phun nguyén liéu nay phai lua chon céc dp sudt cha ddu, cia hoi nude va ty 1€ hoi nudc/
ddu thich hgp. D6i véi nguyén liéu 1a gas oil chan khéng, d& dang phan tén hon, 4p suit ddu
va ty 1€ hoi nudc c6 thé giam xubng so véi khi van hanh véi ddu cin.

(ii) Hé khong ché nhiét d¢ hén hop phan ing

Mot vin dé duge quan tdm nhiéu khi ché€ bién nguyén liéu ndng c6 luong ddu cian
nhiéu 12 dam bao su hod hoi nhanh chéng clia nguyén liéu. D4 la diéu cuc ky quan trong dé
gidm thiéu su tao c6c do su hod hoi khéng hodn toan. Tuy nhién, trong cdc thi€t k€ thong
thudmg, nhiét d6 hén hop lai phu thuée chi y&u vio nhiét dé ddu ra cha 6ng phan dng.
Thong thudmg, nhiét d6 hén hop phén ting cao hon khodng 20 + 40°C so véi nhiét do diu ra
cla 6ng phan dng va nhiét d6 dé chi cé thé thay déi nhd thay d6i ty s6 chét xiic taic/ddu.

Trong rdt nhiéu trudmg hop, viéc niang cao nhiét d6 ddu ra cia 8ng phan 1ing d€ diéu
chinh nhiét d6 cia hén hgp phan dng 12 khong thich hop, vi thudng din dén cic phin ding
cracking khéng chon loc va tao ra nhiéu khi kho. Vin dé trd nén nan gidi hon khi ché bién
theo ch€ d6 san ph&m chung cdt cuc dai, nghia 13, diéu kién phan ng khong thé khic
nghiét, nhiét d6 phan \ing khong qui cao. D€ gidi quyét vin dé d6, nhiét d6 d4u ra cha ong
phan Gng dugc diéu chinh mét cach doc 1ap. IFP- Total dd sing ché va trién khai mét hé
khéng ché nhiét d¢ hdn hop phan dng (MTC, Mix Temperature Control) cho cdc reacto
cracking.

MTC hoat dong dua trén co s& hoan hru mot phan chét 1ong vao phia sau ving phun
nguyén liéu méi. N6 phan chia 6ng phan ing thanh hai ving phan ng:

- Vang phia trudc ¢6 nhiét do cao, ty s6 chit xic tic/ddn cao va thdi gian tiép xidc rdt
ngén.

- Ving phia sau, & dé phén (tng xay ra dudi diéu kién cracking binh thudng va 6n hoa
hon.

Viéc tao ra hai viing cracking trong &ng phan tng cho phép di€u chinh mét céch
chinh xdc su hod hoi clia nguyén liéu va phan dng cracking tao ra san phdm mong muén.
Nh& hé MTC, ngudi ta ¢6 thé nang nhiét d6 hén hop phan ing trong khi vidn giit nguyén
hodc tham chi con giam nhiét dé ddu ra cla 6ng phan ing. Hinh 4.14 minh hoa cédch b6 tri
hé MTC va ba vung nhiét d6.

Muc dich s6 m6t cia hé MTC 12 tao ra m6t phuong cdch khéng ché& nhiét d6 hén hop
phan @ng mét cich doc 1ap (tuy §). Tuy nhién, giéng nhu moét hé “ha nhiét” twong tu nhu hé
lam ngudi chit xdc tac, hé théng MTC cé thé duge sir dung d€ tang lugng nguyén ligu can
cdn phdi ché€ bién trong moi co s& loc ddu.
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Hinh 4.14. Khéng ché nhiét d6 ving phan ng.
T,. Ty, T3 : cac ving nhiét 33 khac nhau:
MTC: khdng ch& nhiét d& hén hgp phan ing.

D4u phan tan min

(iii) Co cdu phdn cuéi 6ng phdn img

R4t nhiéu nghién citu dd ching minh ring, thdi gian lvu ciia hoi sau 6ng phan ng tao
ra sy cracking nhiét va ti€p tuc cracking xtic tic trong budng reacio. Dic biét, cdc phan ing
trong pha hoi d6 déu la cdc phan ving khéng chon loc mong muén va din dén SU suy giam
chdt lugng sdn phdm cracking, tao ra nhiéu khi kho va thic ddy phan ting chuyén dich hydro
trong olefin clia LPG (d¢ chon loc olefin thap).

Cac yéu t6 gay ra hién tugng trén ta: nhiét do, thai gian va dién tich bé mat.

S&W-IFP da thiét ké ché tao mét ciu hinh dac biét clia 8ng phén ting dé khéng ché 3
tham s& dé.

Co cdu phin cudi éng phan fing Rawshorn theo thi€t k& cia S&W-IFP duge din ra
trén hinh 4,15,

Nho co cdu d6, chat xiic tdc va hoi hydrocacbon dugce tach khéi nhau mét cach nhanh
chong. Hoi phdn ing duge din dén gin cdc xyclon d€ giam thdi gian hru cia hoi trong ving
phan iing. Giiia cdc xyclon va ddu ra cia 6ng phan ing khong néi nhau truc ti€p, nén lugng
chdt xdc tdc bi cudn theo hoi gidm ding ké. Cdc van dé khic nhu qué nhiét reacto, gia ting
kim loai va tao c6c¢ cling duge loai bd.
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Hinh 4.15. Co cfu phén cuéi ng phan iing Rawshorn.

(iv) H¢ Amoco lam ngudi hoi sdn phdm

Cong nghé nay dvoc phat minh va trién khai bdi Amoco duge 4p dung vio céng
nghiép S&W-IFP.

Bang 4.13. Anh huéng cua k§ thuat lam nguéi hot san pham dén hiéu sust

Casd A CdsdB

Nhigt d¢, °C
P4u ra.8ng phan (g 513 549
Sau khi lam ngudi: 484 529
Thay déi higu sudt, %kim loai
Khi kho: -0,23 -0,82
Gasolin; +(0,43 +1,80

Chit phan (mg & dang hoi, khi r&i khéi doan cudi clia 8ng phén tng va da tach khoi
chét xic tic, duge 1am nguéi bdi LCO. Bing k¥ thuat 1am ngudi, cdc phdn img khéng chon
loc do téc dung nhiét bi han ché, din dén hiéu suit gasolin cao hon va khi kho thép hon.
Ngoai ra, sit dung k¥ thuat 1am ngudi hoi san phim cdn bio vé duge ham lugng olefin trong
LPG, gi4 tri octan clia gasolin, gidm thiéu sy hinh thanh diolefin vi cai thién tinh én dinh
cua gasolin.

Hiév qua ctia k¥ thust 1am ngudi hoi sdn phim duge thé hién & bing 4.13.

Cic s6 liéu bang 4.13 chiing to réng, hiéu sust khi kho giam.

Piing nhu du dodn, dnh hudng cia k¥ thuit 1am ngudi d&n hiéu suit cia khi kho va
ciia gasolin thé hién cang rd khi nhiét do cang cao.
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Su keét hop gifta cdu hinh dic biét phdn cu6i 6ng phan ing va k§ thult 1am nguoi
Amoco d loai bé khé hiéu qua céc phan ting khong mong muén sau éng phan lfrng.-

¢ Cdi tao cdc co s0 FCC thanh RFCC (thém thiét bi hoan nguyén giai doan 2)

B4 sung mot thiét bi hoan nguyén giai doan 2 1 bi¢n phdp hiéu qua d€ chuyén cic co
s& FCC dang c6 thanh cdc co s& ché bién nguyén liéu nang ma khoéng lam gidm ning sudt.
Cho dén nay 3 co s& FCC di duoc cai tao, lap dit thém mot thiét bi hoan nguyén giai doan 2
va do d6 c6 thé ché bi€n cic nguyén liéu nang. Cic thi€t k& d6 giir lai cdc thiét bi hoan
nguyén da ¢6 Iam thanh thi€t bj hoan nguyén giai doan lva giit lai reactd/strippo. Mét thiét
bi méi hoan nguyén giai doan 2, cdc 6ng din chit xdc tic va 1o dat CO; mot mdy théi khi
méi hodc b8 sung, sira chira bo phan khi xa 1 cc van dé cén gidi quyét khi cai tao he FCC
thanh RFCC. Khi van hanh thiét bi hoan nguyén giai doan 1 theo ch€ d6 chay khéng hoan

toan, n€u ham lugng CCR cila nguyén lidu khéng cao hon 6%kl thi khéng cin thiét bi lay
nhiét b sung (nhu da trinh bay trudc day).

Hinh 4.16 chi ra cdch thifc cai tac mét co s& FCC thanh RFCC, trong d6 ¢6 ghi 18
thi€t bj va céc chi tiét co khi méi va cii.

Ayelon {mai)
N
: / ]

Xyclon (mdi)
o Hé thdng hoan
" Hé théng hoan ' N nguyén (ct)
nguyén giai . !
doan 2 (mdi) = g B
Bo ¢
phan Thing thdo xiic tac
ngin(m f hoan nguyén giai
P doan 1 (méi)
Véng khi
Y | (mdi}
\
\ Mao cap nguyen ligu (mdi)

Khuyu ndi chi Y {méi)

Hinh 4.16. So d6 ci tao co s& FCC thanh RFCC
theo mé hinh reacto - regenerato lip ghép "song - song".
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4.4, Cracking xdc tic sau- san xuat olefin nhe
4.4.1. Mo diu

Cracking xiic tic pha luu thé (FCC) 14 qué trinh chuyén hod diu thé dugc 4p dung phd
bi€n nhat va quan trong nhat trong mot nhia mdy loc diu hién dai. Trude day cic co sd FCC
thudng hoat déng theo ch€ do tao ra sin phdm gasolin cuc dai va sin phdm chumg cat cuc
dai, tuy theo yéu cdu timg thdi vu hodc theo nhu ciu dia phuong. Gin day, véi sy xvdt hién
ctia mit hang gasolin céi bién (reformulated gasoline} mé cdc co s& FCC dang hudng su san
xuit cia minh theo ch& d6 san phim olefin cuc dai.

Isoolefin nhe, isobutylen va iscamylen tlr cong nghé FCC la cdc ngudn nguyén liéu
cdn thi€t d€ san xudt metyl tectiary butyl ete (MTBE, metyl tertiary butyl ether) va tectiary
amyl metyl ete (TAME, tertiary amyl metyl ether). D6 1a nhimg hop chdt chda oxy
(oxygenated compounds) duge ding dé pha ché cic gasolin cai bién. Nhu ciu vé céac alkylat
cling gia ting dé dip tng cho viéc sin xudt gasolin cai bi€n, do do, ngudn olefin nhe cling
ngay cang doi hoi nhiéu hon.

Cling v6i nhimg bi€n déi d6 trong cong nghiép loc ddn, trong cong nghiép hod diu
nhu cdu vé propylen ciing dang tang lén d€ san xudt ra cc san phidm polypropylen. Gin mot
nira lvgng polypropylen diing trong cong nghiép hod hoc duge san xudt tir cic nha may loc
diu, va phin con lai tir cong nghé hoi nudc-cracking (SC, steam cracking). Do dé, nhu cdu

vé propylen tir ¢a hai céng nghé trén FCC va SC déu tang.

Theo dir dodn, nhu cdu vé iscolefin d€ ché tao cic hgp chit oxygenat s& tiép tuc tang
cho dén cuéi the ky. Ngoii ra, nhu cdu propylen cho alkylhod ciing nhu cho polypropylen
cling ti€p tuc gia ting.

Nhir vy, cong nghé FCC va SC phai ¢6 nhitng thay déi ddng ké dé dap img doi hoi
cha thi trudng. RS rang 13 cdn phai c6 mot cong nghé san xvit olefin nhe mot cich kinh t€
dé dap ting ngudn olefin nhe (C3-Cs) néi trén.

DCC 13 cobng nghé cracking xtc tic sdu (Deep catalytic cracking) dé san xuit cdc
olcfiﬁ nhe (C;-Cs) tir nguén gas oil chan khong (VGO), cong nghé nay dugc tao ra do sy hop
tic cha 3 d6i téc: tap doan céng nghé Stone&Webster, Vién nghién cttu ché bién ddu mo
(RIPP) va tap doin quéc t€ Sinopec (hai d6i téc sau & Trung Qudc).

Co s& DCC d4u tién dwoc xay dung va thir nghiém thanh coéng tai nhd mdy loc diu
Jinan Sinopec (Trung Quéc). Trong d6, cé ba co s& khde duge trién khai & Trung Quéc va
Théi Lan (bang 4.14).
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Bang 4.14. Tinh hinh khéi dau cia DCC

Dia diém N&ng suét nguyén ligu MTY* Théi gian khdi hanh
Jina, Trung Quéc 150.000 1994
Anquing, Trung Quéc ' 400.000 1995
Daging, Trung Quéc 120.000 1995
Rayon, Théai Lan _ 725.000 1997

* Tdn/nam.

+ Thiét k&€ bdi S&W.
Hinh 4.17 1a anh chup mét co s& DCC & Trung Quéc.

Hinh 4.17. Céc thiét bi chinh cta c6ng nghé DCC & Trung Quéc
(tir trdi sang phai: thip hoan nguyén xiic téc, 15 phan ing va thdp phan doan chinh).
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4.4.2. M6 ta qud trinh

DDC la cong nghé cracking xic téc pha lwu thé dugc dp dung d€ cracking chon lgc
nhiéu dang nguyén liéu thanh olefin nhe.

Mot co s& DDC ¢6 thé hoat dong theo mét trong hai ché d6: propylen cue dai (cdch 1)
va isoolefin cue dai (cdch II). M&i mot ché do lam viéc sit dung mot loai xic tdc va mot bo
diéu kién van hanh khic nhau.San phdm cta DCC la olefin nhe, gasolin octan cao, ddu vong
thom nhe, khi khé va c8c. Mot lugng nho cua déu sét ciing duge tao ra.

Ch€ dé van hanh tao ra olefin cuc dai (cich T) sit dung cd k¥ thuat cracking xiic tic
pha lwu thé (trong 6ng phén (ing riser) va cracking 16p xiic tic 8n dinh vé6i diéu kién phan
itng khéc nghiét. Ch€ d6 van hinh véi isoolefin cuc dai (cdch II) chi sit dung k¥ thuat
cracking pha luu thé gi6ng nhu trong moi co s& FCC hién dai, trong diéu kién it khic nghiét
hon so véi cdch 1.

£Q Dén b6 phan khi x&
o :
(I>— ______ Bén bbd phan thu hoi khi
312001
| 31R0D
; -—
r"'i'o"‘"‘“ 1 £9
P I ]i
| e e
31K001 = LM P
312002 I MM £0
|
| (e —.®
Khl nhién ligu DAu s&t héi vy
31001 2 N &Y,
318001 b ﬁ
£~ Nguyén lieu mai
L:'—ﬁ" Hai nude
Hei nwéc én dinh
Hinh 4.18. Sao 46 céng nghé DCC I propylen cuc dai:
31B001; gia nhiét khdng khi; 31R001: reactd;
31Z002: cac xyclon clia thiét bi hoain nguyén; IZ2001: xyclon clia reacts;  *
31D001: thiét bi hoan nguyén; 31K001: hé khi nén;

31D002: thing thao liéu cda thiét bi hoan nguyén.

Hinh 4.18 mé ta so d6 cong nghé DCC cach . Lwu ¥ rang, ban thiét k& cia DCC 1 va

DCC I chi khdc nhau mot 8ng phan tng (riser) dugc 1ip tang cudmg phia trén reacto xic téc
16p 6n dinh.
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Nguyén liéu ban ddu duge phan tin min b&i hoi nuéc va dugc phun vao 8ng phan (ng
bing ddu phun clia S&W, phun vao pha xiic téc 8n dinh. Ddu nguyen licu 1ap tirc duge trén
l&n véi chét xic tdc va bit ddu phén ing cracking tao ra cic sin phim nhe hon. Cong nghe
DCC c4n c6 ddu phun nguyén liéu r4t t6t d€ bio dam ho4 hoi nhanh vi cracking chon loc.

Hoi nude cho 6ng phin ting dugc phun vao ngay trén diém phun nguyén lieu dé tang
cudng sy phan tin cho nguyén liée va dé tach hydrocacbon khéi bé mat chdt xiic tic nhim
dim bio mét 4p suat riéng phén t6i thiéu cho phan tng trong hé DCC. Pdu phun hoi nude
thong thudng duogc sit dung d€ phun hoi nuée vao Ong phan img.

Khi cdn thi€t mot lugng ddu sét (slurry oil) dugc phun vao ngay phia trén d4u phun
hoi nu6e. Dong ddu hoan luu dé khéng c6 tic dung lam tang d6 chuyén hod chung clia phan
ling ma dé t6i wu hod ch€ do nhiét cha hé théng, bdi vi san phdm chl yéu ciia cracking ddu
sét 1A céc. |

@ dinh 6ng phan (mg, chdt xic tdc, hoi nuéc va hydrocacbon di qua phén cusi ong
phén ting duge dat & vi tri thép hon mic ldp xiic tic én dinh.Do chuyén ho4 clia nguyén ligu
duge diéu chinh bing do cao cia 16p xiic tic n dinh (t6c d6 khong gian trong lugng gidy clia
hydrocacbon, WHSV). Cdc xyclon ciia reacto diroc ché tao theo cdu hinh hai giai doan,cé
hi¢u sudt phan riéng cao chét xic tdc va hoi sin phdm. Céc sin phdm, khi tro, hoi nude va
mét lugng nhé chét xic tic duge din d€n ddy thép phan doan.

Van diéu chinh luong chét xdc téc da hoan nguyén c6 thé khéng ché nhiét d6 ciia 16p
Xic tdc reato bang cdch thay déi lugng chat xic tic néng da hoan nguyen di vio 6ng xic
tdc. Nhiét d¢ va dp sudt ciia reacto di dugc liét ke trong bang “diéu kién phan g™ dudi day
(bang 4.15).

Bo phén strippo clia budng phan ing gém cdc khoang c¢6 tdm chin va lam sach
hydrocacbon khoi bé mat chat xic tic theo ting giai doan. Mot voi phun hoi nudée duge dat
& dudi tdm ngan thit nhat tich céc hydrocacbon dé bay hoi ngay khi xic téc di vio strippo.
Néu khong cé su tich so bo d6 thi hydrocacbon dé bay hoi s& hﬁf) phu trén xic tic va cé thé
phan g véi nhau d€ tao ra c8ec polyme khi chat xic tdc tiép tuc di xubng phia dudi strippo.
Hoi nué6ce tir vong phun chinh luwu thé hod 16p xiic tic én dinh, cuén theo hydrdcacbon da
tach ra va ti€p tuc tich sach hydrocacbon dang bi hdp phu trén chit xic tdc truée khi chit
xtc téc d6 vao thi€t bi hoan nguyén. Mot vong phun hoi nuéc khic dit & day cia strippo,
gilt cho chit xic tdc & trang thai luu thé (linh dong), bao ddm tao ra mot dong chat tudn ty
chay vao 6ng din chit xiic tic d4 phan tmg.

Chat xiic tdc da sir dung ra khoi strippo qua mot 6ng nghiéng. Céc mio khi dit cich
nhau duéi 6ng nghiéng thong khi cho chit xiic tic va b8 sung thé tich khi da bj m4t do nén.
Van diéu chinh chdt xic téc da st dung dugc dat canh vi tri ma 6ng nghiéng ndi vao thiét bi
hoan nguyén. Van nay giit cho 16p chat xic tic 6n dinh trong reacto/strippo. Mitc 16p xic
tic én dinh dugc t6i wu hod theo d6 chuyén hod v khé nang van hanh cia he théng.
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) Chét xuc tic da tham gia phan ng cracking dugc phan tdn vao bén trong thiét bi hoan
nguyén bing cdc hé phin phéi xic tic dit ngay trén cic vong khéng khi chdy. Cic vong
khong khi niy phan ph6i khong khi qua 16p xic tdc hoan nguyén tao ra sy luu thé hod va
chdy. Thiét bi hoan nguyén hoat dong theo co ché oxy hod hoan toan va 2%it oxy du. Khi xa
tir thiét bi hoin nguyén di ra,qua céc xyclon - 2 c4p dé tich cdc hat xiic tdc kéo theo khi xa.
Nhiét d6 cha regenerato thudng x4p xi 700°C. Ap sudt chénh léch gilta reacto /regenerato
duge khong ché boi van didu chinh khi xa.

Chat xuic tic vira hoan nguyén con néng duge thio ra & vij tri thip hon mitc 16p xiic tic
6n dinh trong thiét bi hoin nguyén chdy vae ngin dung xiic tdc. Ngan thdo xiic téc l1a noi -
chat xic tic xa khi dat d€n mat do chét xiic tic trong Sng din trude khi vio 6ng thing ding
danh cho chét xiic tdc d3 hoan nguyén. Mét vong nhd phan phoi khong khi trong ngan chita
xtc tdc nham gilt cho chdt xic tic & trang théi linh déng. Cac mao khi (khong khi) dat cich
nhau theo 6ng din xic tdc cé nhiém vu nap khi va bl dip thé tich khi mat do nén. Chét xiic
tdc chuyén qua van diéu chinh chét xdc tdc hodn nguyén, van ndy khéng ché nhiét d6 cha
reacto bing cich diéu chinh lugng xiic téc néng di vdo 6ng phan fng va budng reacts. Phin
6ng diing phia du6i cic ddu phun nguyén lidu ¢6 nhiém vu én dinh chét xvc tic vd déng vai
trd nhu “van” mot chiéu, can khéng cho dong ddu chdy nguge lai vao thiét bi hoan nguyén.
Trong doan &ng ndy, cdc ddu phun hoi nude 1am 6n dinh va tdi phan bs chét xic tic, duy tri
moét mat do cao cla pha xiic tac, truée khi vao viing phun nguyén liéu.

B phan thu héi khi cia DCC 13 mot thip phan doan chinh ¢6 hé ngung tu h6i luu dinh
thip d€ ngung tu hoi nude. Mot mdy nén khi cong suit lon so véi qué trinh FCC duoc 14p dat
bdi vi trong cong nghé nay lugng khi kho va khi ddv méd hod 16ng (LPG) rédt 16n. Thép hip
thu va cdc c6t tach sach (strippo) dit sau mdy nén duge thiét k& dac biet d€ cai thién kha
nang thu héi C; vd mot s6 cdu tir gasolin nhe. Sau cdc thdp tdch C, debutanizo va C;
depropanizo d€ loai bd tap chét nhu trong cdc hé thu hoi khi truyén théng, trong cong nghé
nay con c6 thip deetanizo (deethanizer) va thdp tdch C, splitto (splitter) dé tao ra propylen
c6 d0 sach cao dé€ san xut polyme cao cip. P8i véi cic co s& DCC & trong hoidc & gin céc 18
hop hod ddu, mot hé thu héi etylen theo ky thuat lam lanh tién ti€n ARS (advanced recovery
system) cla hing S&W dugc sir dung dé thu héi etylen va chi yéu dé€ thu héi hoan toan
propylen.

Heé théng diéu hanh khi xa sau thiét bi hoan nguyén DCC ciing tuong tu nhi déi véi hé
FCC. Hé diéu hinh nay bao gém mot van diéu chinh khi xa d€ khéng ch€ 4p sudt chénh léch
giiia reacto va regenerato, tiép dén 12 mot budng réng. Nhiét duge thu héi bang thigt bj lam
ngudi khi x4 trong dang hoi qué nhiét dp suét cao. Tuy thudc vao tiéu chudn khi thai cia
timg dia phuong, hé théng cé thé c6 moét xyclon 3-cdp dat trude van diéu chinh khi x3 ho3c
mot thiét bi loc bui tinh dién (ESP, clectrostatic precipitator) dat truée 6ng khéi. SO, hoac
NO, néu cén thiét dwgc xir 1y bang ky thuat phu gia xiic tic loai bd SO, va bing k¥ thuat
khir chon loc xiic tic (SRC) loai bo NO,.
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4.4.3. Cdc vén dé céng nghé
e Chdt xiic téc

Phén quan trong nhat ciia céng nghé DCC 12 chét xic tic.Céc c6 ging nghién citu va
trién khai cha RIPP di tao ra mét s6 chét xdc téc chuyén dung, mbi mot chat xic tic déu

lién quan dén cdc zeolit. T4t cd moi chit xic tic déu cé dic trung vat 1y twong ty nhu cha
xuc tac FCC.

Chat xic tic ky hiéu CRP-1 dugc ché tao cho cong nghiép DCC1, propylen cuc dai.
CRP ¢6 hoat tinh tuwong d6i thadp nhim bio dim d6 chon loc olefin cao va phin img chuyén
dich hydro khéng ding k€. Chét xtc tdc cling thé hién do bén thiy nhiét cac v 46 chon loc
coc thdp. ‘ '

CS-1 va CZ-1 dugc ché tao d€ san xuft isobutylen va isoamylen v&i d6 chon loc cao.
Cdc xiic tic ndy ciing c6 tinh chat han ché phan iing chuyén dich hydro va cé d6 bén thuy
nhiét t6t, d¢ chon loc cdc thap.

Ca ba loai xic tdc trén dang dugc san xuit & co s& sin xult xic téc cha Cong ty Hoa
ddu Qilu Trung quée. T4p doan Stone & Webster 13 nha cung cdp xic tic thit hai cho céng
ngh¢ DCC & ngoai Trung Quée.

¢ Nguon nguyén liéu

Cong nghé DCC duge 4p dung cho nhiéu dang nguyén lieu VGO khéc nhau cho san
- Xudt propylen va isoolefin. Ngudn nguyén liéu c6 thé bao gém sip, naphta va ddu can.Diu
thé parafin 12 16t nhat, tuy nhién céc thir nghiém pilot da thanh céng véi cic nguyén liéu
naphten va aromat da hydro-xr 1y. '

o Cdc diéu kién van hanh

Nhimg diéu kién van hanh dién hinh cho 2 ch€ dd:ch€ d¢ I (propylen cuc dai), che do
IT (isoolefin cuc dai) duge din ra & bang 4.15.

Bang 4.15. Diéu kién van hanh cia DCC, FCC va SC

DCCl Max C, |DCC Il Max isoolefin FCC SC
Nhiét 49, °C : .
Reacto 550 + 565 525 = 550 510 = 550 760 = 870
Regeneratg 670 + 700 670 + 700 670 =730 -
Ap sufit reacta (kGiem?) 07+10* | 1,0+ 1.4 14+ 2,1 1,0
Thai gian phan tng, s 9+15 2 (8ngphan mg} | 2 (6ng phan tmg) 01+0.2
Chét xic tac/dau (kiki) 9-15 7T+1 5+8 -
Hai nudc, %kl nguyan ligu 20+ 30 10215 2+7 30+80

* Thoi gian luu trong 6ng phan dng ~2s + 2-8h™' (WHSV) trong reacto 16p én dinh.

199



e Hiéu sudt san phdm DCC

Propylen cuc dai, DCC I

Bang hiéu suft sin phm ctia ché d6 DCC dé6i vi VGO Daging gidu parafin duge din
ra & bang 4.16.

Bang 4.16. Hiéu suét san pham DCC, FCC va SC

San pham %kl clia nguyén ligu

' DCCI FCC SC
H, 03 0 0.6
Khi kho (C, - C,) 12,6 3,8 44,0
LPG({C,-Cy) ' 423 21,5 2457
Naphta (C; - 205°C) 20,2 47,9 19,3
LCO (205 - 330°C) 1.9 8,7 4,7
Déu sét (330°C {(+)) 1.3 59 57
Céc 9,4 6,1 -

Olefin nhe

o _ 57 0,9 28,2
C, 20,4 8,2 15,0
C, 15,7 131 4.1

Ngudn tii lidu: Lark Chapin and Warren Letzseh "Deep Catalytic Cracking, Maximize
Olefin Production” NPRA Annual Meeting, AM-94-43, March 20-23, 1994.

Pé so sanh, hiéu suit olefin cuc dai cia cong ngh¢ FCC va SC clia cing mét dang
nguyén liéu ciing duge din ra & bang 4.16.

Propylen ¢é ham lugng cao trong san phdm LPG va cao hon déng ké so vdi cong nghe
FCC. LPG ciia DCC ciing chita mét lugng 16n butylen.Trong d6 phdn isobutylen trong
butylen téng cao hon so véi FCC (38 + 42% so véi 17 + 33%). Do d6, su san xudt MTBE
cling duge cai thién dang ké so véi cong nghé FCC do lugng isobutylen ting. Hi¢u sut
olefin cao dat dugc 12 do cracking sdu chon loc d6i v6i naphta.

Mot lugng 16n khi kho ciing duge tao ra trong cong nghé DCC vi nhiét d6 cta reacto
cao.Khi kho cia DCC rit gidu olefin, rit cin thiét cho cong nghiép hod déu. Tuy nhién,
cong nghé DCC tao ra it khi kho va nhiéu LPG hon so v6i cong nghé SC. San phdm chinh
cia DCC 14 propylen.Trong khi d6 etylen la sin phdm chinh cha SC (SC la phan ing
cracking nhiét, trong khi d6 DCC chi y€u 1a cracking xiic téc).

Vi d6 chuyén hod cao, nén cic san phdm 1éng Cs”™ ciia DCC hdu nhu 12 aromat. Do d6,
gid tri octan ciia naphta ctia DCC rét cao. Vi hiéu suft san pham nhu trén, ngudi ta xdc dinh
dwoc MONC 12 84.7 va RONC 12 99.3. Naphata DCC Cs* ¢6 hon 25% benzen, toluen va
xylen (BTX). Vi ham luong diolefin cao nén naphta DCC thudng phai duge hydro xir 1y chon
loc dé dat ch4t lugng &n dinh ma khéng 1am gidm gid tri octan.
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Céc ciing duge tao ra nhiéu hon so v6i FCC. Nhiét ctia phan ing chuyén hod nguyén
ligu thanh san phdm cao nén ddi hdi nhiét d6 ciia reacto cao, do d6 hiéu sust cbc 1én.

Do nhay va hi¢u suit olefin d6i véi 3 nguyén liéuw VGO dugc din ra & bang 4.17.

Bang 4.17. Hi¢u suit olefin ¢ia DCCI d6i v6i cac VGO khéc nhau

Daging VGO nhe Ardp Iran
Mat 4o 0,84 0,88 0,91
K, UOP 12,4 11,9 11,7
Hiéu sut olefin,%nguyén lidu
C, 6,1 43 35
C, 211 16,7 13,6
C, 14,3 12,7 10,1

VGO Daging la nguyén liéu parafinic, VGO Iran gidu aromat. Hiét suit propylen va
butylen rat cao d6i véi nguyén li¢u parafin vi gidm tir tr d6i v6i nguyén liéw aromat. Céc s6
liéu da cho dugc thyc hién tai RIPP trén thiét bi pilot vdi céng sudt 2BPD (barrel/ngay).

DCC 11 isoolefin cuc dai

Hiéu sudt olefin cyc dai cha DCC IT duge dén ra & bang 4.18

Bang 4.18. Hiéu suat san phim caa DCC II

Higu sudt,% nguyén lidu

o 559
C,-C, 34,49
Naphta Cs* 39,00
LCO 9,77
HCO 5,84
Cée 4,31

T6n that 1,00
Olefin nhe

o 2,26

o 14,29
C. 14,65
e, 6,13

o 9,77
-Cs 6,77

Nguén i ligu: Z. T. Li W. Y. Shi, N. Pan, F. K. Jaing, “DCC flexibility for isoolefins
production” Advances in fluid catalyic cracking, ACS vol 3 pp 581-583.
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Bang 4.19. Su phan bé cac isome olefin theo ché dé DCCII

Gl4 tri cin biing DCCII

1some clia butylen

1.buten, %kl. 147 12,8

t-2-buten, %k 24,5 26,7

¢-2-buten, %kl 16,7 18,6

isobuten, %kl 441 41,9
Isome cla amylen

1-penten, %kl 52 52

t-2-penten, %kl 12,2 17,6

c-2-penten, %kl 2,0 7.8

isoamylen, %kl 70,6 6,93

Ngudn tai liew: Z. T. Li W. Y. Shi, N. Pan, F. K. Jaing, “DCC flexibility for isoolefins

production” Advances in fluid catalytic eracking, ACS vol 3 pp 581-583.

Hiéu sudt olefin cao duoe tao ra bdi cracking sau naphta trong diéu kién khdc nghiét
hon DCC L. D6 chon loc cao cia olefin chimg to t6¢ do phan ing chuyén dich hydro réit
thdp. Butylen va cdc amylen bao gébm nhiéu cic isome nhe & bang 4.19.

Luu ¥ ring, isoolefin trong DCC II ¢6 gi4 tri gdn nhtr gid tri can bang nhiét dong hoc.
Do d6, hiéu suit cia isobutylen va isoamylen 13 r4t cao, khodng 6,0%KI.

Trién khai cong nghé DCC

C6 thé lap dit mot hé theéng DCC trong mot co s& hod ddu véi mot vai “kich ban” sau day:

Ung dung cong nghé DCC d€ gia tang san xuét propylen trong mét co s& sin xuit
etylen. San phdm naphta DCC, etan, propan va butan duge sif dung cho SC d€ san xudt etylen.

Mot hé DCC c6 thé duge 1dp diit trong moét co s& loc ddu san xudt polypropylen va
styren. Mot vi du nhu thé dugce gidi thiéu trén hinh 4.18.

= Khi diit
EB +
EXT + HDA, Ly [ Styren
- Styren
c, T
C.*
- POLY * Polypropylen
CJ
VGO e
— —
Dcc .
o sHP L—wi
LCO P
Do ¥ X Iy nguyan
% ; T lido

Hinh 4.18. Sag d6 san xudt polypropylen va styren:

{EXT = chiét tach aromal, DHA = hydro dealkyl hoa, S8HP = hydro hoa chon loc,
EB = etyl benzen, POLY = polypropylen}.
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M6t vi du khdc vé trién khai céng nghé¢ DCC 1a thic ddy sy sdn xust gasolin cai bi&n,
nhu trén hinh 4.19. M6t hé théng thu héi etylen theo cong nghé ARS (lam lanh clha hing
Stone & Wegster) dugc dua vao so dé d€ sin xudt etylen va propylen.

- = Khi 05t
_ ThL{IEEOLIth[ » Etylen
» Propylen
LR
Rugu
c- | ¥
i Metanol "I Akgylat C&u tf pha
VGO 4 oxygenat,... ggg :2:9
DCC c;
Cg » SHU w» (Gasalin
Naphta
; HT = LCO

- DO

Hinh 4.19. So d6 san xult gasolin cai bi€n:

ERU: bd phan thu héi etylen (ethylene recovery unit);
S§HU: b ph&n hydro hoa chon loc (selective hydrocarbon unit);
HT: b phan hydro-x(r Iy {hydro-treating}.
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Trén day 12 mot s6 cong nghé dién hinh clia FCC duoe lua chon gisi thigu: cong nghé
FCC cta UOP, céng nghé RFCC cia Stone &Webster két hop véi IFP (Institute Frangaise de
Pétrole) va cong nghé DCC cua Stone&Webster lién k&t véi RIPP va Sinopec International
(Trung Quéc).

Ngoai cdc cong nghé d6 ra, ching ta con duge biét rdt nhiéu cong nghé khdc nhur:
coéng nghé FCC IIIR cha Exxon, cong nghé FCC cia tap doan M.W. Kellogg...

Mbi mét cong nghé déu thé hién nhitmg wu diém co ban cha minh cho ting trudng hop
cu thé (phu thudce vao rit nhiéu y&u t6: ngudn nguyén liéu, trinh d6 cong ngh¢, kha nang tai
chinh, muc tiéu san phdm...). Tuy nhién t4t ca cdc cong nghé d6 déu hudng téi: viéc sw dung
da dang ngudn nguyén liéu, ddc biét quan tdm dén nguyén liéu ndng, tink da dang cua sdn
phdm va trang bi cdc thiét bi hién dai, tw dong hod va gid thanh ha.

Moi cdi ti€n cong nghé (vé& thi€t bi va chét xic tic) déu nhim tin dung t&i da va
khong phi pham nguén tai nguyén ddu md ma ching ta va cdc nha loc diu déu biét ring, 46
khong phai 12 ngudn tii nguyén v6 han va trong tuong lai khong xa né s€ can kiét. Cau hoi:
“Céi gi sau ddu mo?” Ja chua ai tra 18 duge, song moi ngudi déu ¥ thite ring, phai tim cich
kéo dai “thdi ky ning lugng ddu md” cang lau cang t6t, trude hét bing khoa hoc va cong
nghé va sau d6 méi dén chinh sich va y thic con ngudi!
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