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Tom tit:

Bai bdo trinh bay két qua mé phéng, danh gia anh hwéng cia tinh chit nguyén liéu dén hig¢u qua ting propylen
cia phu gla ZSM-5 cho phan xuéng RFCC (Res1due Fluid Catalytlc Cracking) ciia Nha may loc dau (NMLD)
Dung Quit bing phin mém mé phéng FCC- SIM Két qua cho thiy, hi¢u qua sir dung phu gia ZSM-5 cao hon trén
mau nguyen liéu nhe, giau paraffin so véi miu nguyén liéu nang, giau aromatic xét trén khia canh ting hiéu suit
propylen dong thoi véi duy trl hi¢u suit xang cao. Tuy nhién, mau nguyén liéu niang, gidu aromatic sé cho xiang co
tri s6 octan cao hon so v6i miu nguyén liéu nhe, giau paraffin khi sir dung phu gla ZSM-5. Do do, tuy theo yéu ciu
cua thi trwong, Nha may co thé Iwa chon loai nguyén liéu c6 tinh chét phu hop dé t6i da hoa hiéu qua sir dung phu

gia ZSM-5.
Tir khéa: FCC, nhién liéu, propylen, ZSM-5.
Chi s6 phén logi: 2.4

Dat van de

Cracking xiic tac tang soi (Fluid Catalytlc Crackmg FCC)
1a mot qué trinh quan trong trong loc ddu nhdm chuyén hoa phan
doan cdn ning, nhiét d§ soi cao (>360°C) thanh céc san pham co
gia tri kinh té nhu nhién lidu cho giao thong van tai va olefin nhe,
chit yéu 1a propylen 1am nguyén lidu cho tong hop polyme. Theo
thong ké nam 2014, thé gidi co khoang hon 300 phan xuong FCC
dang hoat dong voi cong sudt trén 5,6 triéu thiung/ngdy, cung cap
phﬁn 16m san lugng xdng cling nhu mot phén quan trong propylen
cho cong nghiép hoa dau [1].

Xt tac cracking (xuc tac FCC) dong vai tro quyét dinh dén
hiéu qua hoat dong cua phan xudng FCC. Zeolite mao quan 1on
Y (0,74 nm) & dang siéu bén (khir nhom) USY hoic trao dbi véi
dét hiém nhu REY, REUSY la thanh phan quan trong nht ctia xtic
tac FCC, chiém tir 10-50% khdi lugng xiic tac va quyét dinh chinh
dén kha ning cracking cua xic tac ciing nhu hi¢u sut san phim
xang va khi [1, 2]. Pé tang hi¢u sudt propylen, zeolite mao quan
trung binh ZSM-5 dugc bd sung dudi dang phu gia ZSM-5 [2, 3].
Vi kich thudc mao quan dong déu trong khoang 0,52-0,56 nm,
ZSM-5 s€ bé gy chon loc céc olefin mach théng trong phan doan
xang (C.-C,)) thanh céc olefin nhe (C,-C)). Pong thoi, qua trinh
nay sé lam tang ham lugng aromatic trong xing do mot phan olefin
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trong xing bi chuyén hoa thanh san pham khi. Két qua thu dugc la
ham lugng oleﬁn nhe trong san pham khi c6 thanh phan chu yéu la
propylen va tri s6 octan cua xing s& dwgc tang 1én dang ké [3-5].

Hiéu qua tang propylen cua phu gia ZSM-5 phy thugc kha nhiéu
yéu to, dic biét Ia tinh chat nguyén lidu. Thong thuong nguyén licu
nhe, giau paraffin s& c6 loi cho hudng ting hiéu suat propylen bang
phu gia ZSM-5 so voi nguyén liéu nang, giau aromatic. Tuy nhién,
khd nang tang propylen con phu thudc vao loai xtic tac, phy gia
str dung, c4u hinh cong nghé ciia phan xuong FCC ciing nhu diéu
kién van hanh [4, 5]. Do do, cac nha méy loc dau thuong phai xay
dung phin mém mé phong cho phan xuong FCC cua riéng minh
dé danh gi4 hiéu qua xic tac, phu gia mdi, anh hudng cua thay doi
tinh chét nguyen liéu dén co cau san pham ciing nhu giéi han van
hanh cua thiét bi.

Tai Viét Nam, phan xuong FCC cia NMLD Dung Quit dugc
thiét k& dé ché bién phan can ning tir thap chung cat khi quyén
(RFCC - Residue Fluid Catalytic Cracking), su dung cong nghé
R.2.R, ban quyén ciia [FP/Axens. Cong suét thiét ké 69.700 thing/
ngay, sir dung nguyén liéu Bach Ho. Luong xtc tac dua vao ban
du 600 tan. Luong xic tac bd sung 15,2 (tAn/ngdy). Ngoai ra,
dé tang hiéu suét propylen, phu gia ZSM-5 duoc bd sung cing
v6i xtic tac FCC méi theo ty 1¢ khoang 1-5% theo khéi luong (%
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Abstract:

The influence of feedstock properties on the enhanced
production of propylene by ZSM-5 additives was
evaluated for the RFCC unit (Residue Fluid Catalytic
Cracking) of Dung Quat Refinery using a FCC-SIM
simulation. The results showed that the ZSM-5 additive
produced a superior performance with the light and
paraffinic feedstock compared to the heavy, and aromatic
feedstock in terms of enhancing propylene production
at the lowest expense of gasoline. However, the later
feedstock gave gasoline with higher octane ratings by
using the ZSM-5 additive. Thus, based on the desired
products, the operator could choose suitable feedstocks
to maximise the ZSM-5 additive’s benefits.

Keywords: FCC, fuel, propylene, ZSM-5.
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kl) [6]. Tuy nhién, do sy suy giam san lugng khai thac ciia mo
Bach Ho nén NMLD Dung Quét phai nghién ctru, phi tron dau
Bach H6 véi cac loai dau khac nhau dé ché bién, dan dén tinh chat
nguyén liéu cho phan xuwong RFCC thay doi. Thyc té nay dat ra
nhu cau phai nghién ctru, danh gia anh huong cua viée thay doi
tinh chat nguyén li¢u dén gi6i han van hanh, hi¢u qua xuc tac, va
dac biét 1a hiéu qua tang propylen cua phu gia ZSM-5.

Trong bai béo nay, ching toi trinh bay két qua nghién ciru
d4nh gia anh huong cta tinh chat nguyén liéu dén hiéu qua ting
propylen ctia phy gia ZSM-5 bang phan mém mé phong FCC-SIM
ctia NMLD Dung Quat. Cac mau nguyén liéu va xic tac duoc thu
thap tr NMLD Dung Quat, sau do duoc phan tich va danh gia
hiéu qua trong phong thi nghiém & xy dung bo thong sb dau vao
cho qua trinh m6 phong. Két qua md phong s& gitip dw bao duoc
su thay dbi co cdu san pham cta phan xuong RFCC khi thay dbi
nguyén liéu ciing nhu ndng do phu gia ZSM-5 bd sung.
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Doi tuong va phuong phap

Phim mém mo phong FCC-SIM cia NMLD Dung Quat cho
phép tinh todn hiéu suat chuyén hoa, co cAu san pham va cac thong
s0 van hanh phu thudc khi tinh chét nguyén ligu, xuc tac hodc cac
thong s6 van hanh doc 1ap ctia phan xuong FCC thay doi.

Nguyén Iy, phwong phdp tinh todn ciia phén mém mé phong
FCC-SIM

Qué trinh cracking xuc tac ¢ co ché rét phuec tap, lugng cdu tu
trong nguyén liéu 1a rat 16n, Vi vy nhiing cau tir ¢6 tinh chat gan
gidng nhau (ctng ho va ¢6 s6 cacbon gin nhau) dugc gop lai thanh
mot nhom. Hudng phan tmg cracking cia cac nhom nay rat phuce
tap, phu thudc vao ho hydrocacbon va sO phén tir cacbon ctia ciu
tir gia, cting nhu cac di€u kién vén hanh, tinh chat xdc tic. Phan
mém FCC-SIM str dung so dd huéng phan tmg sau:

S/

Ca, /CaH

Nl

G = Gasoline (C5-221°C)
H = 343°C+

L =221-343°C

P = Parafin Carbon

N = Naphthen Carbon

A = Aromatic Carbon
Ca=CCR

N

Hinh 1. So' d miéu ta hwéng tao san pham trong phan mém FCC-
SIM.

Qué trinh cracking xiic tac bao gdm hai nhém phan tng chinh
14 phan tmg cracking xuc tac va phan (mg cracking nhiét. Phan
mém mé phong tinh toan loai phan tmg chinh nay v6i cac nhom
cdu tir bang hai phuong trinh dong hoc sau déy:

B

% V6i phdn ing cracking nhiét:
—AC = Ko+ f(C)+e "YRTxPxC, * At,

trong d6: -AC 14 d6 giam sé nguyén tix cacbon; K 1a hing s toc
d9 phan umg; f(C,) 1a ham dac trung cho cau tir g1a (phu thudc ho
hydrocacbon va s6 cacbon); E_1a nang lugng hoat hoa phan tmg;
R la hing sb khi ly tuong; T Ia nhiét do phan tmg; P 1a dp suat
phén tng; C, 1a s6 cacbon trong cu tir phan tmg; At 1a thoi gian
luu phén tng.

B

% Vi phdn Umg cracking xtc tac:
—AC = a= p. Ky=f(C)= e_Eaf;RT *P%x C;» AL,

trong do: a la hé s6 dac trung ca xuc tac; p, 1a mat do xdc tac; P
1 ap suét phan tng cracking xuc tic.

Qua hai cong thirc trén ta thiy phan (mg cracking nhiét phu
thudc vao ap sut, nhiét do phan tng, thoi gian luu va ban chét cua
cau tir tham gia phan tmg (s cacbon va ho hydrocacbon). Trong
khi phan tmg cracking xiic tic ngoai cac thong sd trén, no con phuy
thudc vao tinh chat xdic tac va mat do ciia xuc tac.
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Phuwong phap xdy dung mé hinh

Mo hinh dugc xay dung dua trén cau hinh cong ngh¢ R.2.R
cua IFP/Axens hién dang dugc st dung tai NMLD Dung Quét.
Céc thong s6 du vao can thiét gom: dic tinh nguyén liéu, tinh chat
xtic tac va toan bd diéu kién van hanh. Sau do cac thong $6 dugce
hiéu chinh sao cho hiéu sut chuyén hoa va co cdu chat lugng san
pham sat v6i thuce té. Ung voi mdi b thong s dau vao (nguyén
lidu, thong s6 van hanh, tinh chat xtc téc) s& c mot bo hi¢u chinh
co s tuong tmg, b hiéu chinh cudi cing duge chon 1a lay trung
binh tir cac b hi¢u chinh co so (cang nhiéu bd hiéu chinh co sé thi
mé hinh cang chinh xé4c). Cudi cting bd hiéu chinh nay duoc dung
dé du bao co ciu chat lugng san phdm va tinh toan hiéu qua kinh
té khi thay doi cac thong s6 quan tim nhu: tinh chit nguyén liéu,
thong s van hanh hay loai xtc tac mdi.

Thyc hién mé phong

Quy trinh mo6 phong danh gia dugc miéu ta ¢ hinh 2. Pay 1a mo
hinh RFCC duoc xiy dyng cho NMLD Dung Quét dé mo phong
danh gia lya chon xuc tac, n6ng do phu gia, anh hudng cua tinh
chat nguyén ligu.

Diéu kién
van hanh

Cong nghé
RFCC DQ

Tinh chét
nguyén ligu

Théng sb
(base case)

M& hinh
RFCC DQ

B§ catalyst " .
factors Mb phong

Théng sb
mo phong

Gidi han van
hanh

Loai nguyén
ligu

Du bédo co chu san phﬁm
Xuét LP vector

Hinh 2. Quy trinh danh gia anh hwéng cta nguyén liéu dén hiéu
qua tang propylen cua phu gia ZSM-5 trong phéan xwéng RFCC
ctia NMLD Dung Quat.

Tir hinh 2 c6 thé thdy, cac dit liéu quan trong dé tmg dung md
hinh mo phong 1a bo hé sb xiic tac (catalyst factor) va tinh chat
cua nguyén liéu. Trong nghién ctru ny, hai miu nguyén liéu phdi
tron 1a Mix BH 1 va Mix BH 2 v6i tinh chat khac nhau dugc sir
dung. Mau Mix BH 1 1a nguyén liéu phdi tron cta diu Bach HO
v&i déu tho co tinh chét tuong tu Bach HO, hi¢n dang ché bién tai
NMLD Dung Quét. Mau Mix BH 1 ¢6 dic diém Ia du nhe, ham
luong parrafin cao, d& cracking. Mau Mix HB 2 1a méau phdi tron
cua dau Bach H6 voi dau co ham luong aromatic cao, dang duge
thir nghiém ché bién. Pac diém cia mau dau Mix BH 2 la dau
nang hon, ham lugng aromatic cao hon va kho cracking hon. Chi
tiét tinh chat nguyén liéu khong dugc cong bd do yéu cau bao mat
thong tin.

Miu xiic tac sit dung dé danh gia 13 xtc tic FCC can bing
(Ecat) tir NMLD Dung Quat. Phu gia ZSM-5 dugc phdi tron véi
Ecat theo ty 16 tur 1 dén 5% kl dé tao thanh mot dong xuc tac
méi. Bo thong so xtc tic (catayst factors) duoc xdy dung trén co

TAP CHI

HOA HOC

NG NGHE | &t Nam 62(8) 8.2020

Khoa hoc Ky thuat va Céng nghé

s6 danh gia hiéu qua cic mau xtc tac nghién ctu trén hé thiét
bi chuyén dung Short-contact-time Microactivity Test Unit (SCT-
MAT) mb phong diéu kién cia qua trinh FCC tai Vién Dau khi
Viét Nam.

Két qua va thio luan

Anh hwéng ciia tinh chét nguyén liéu dén hiéu qua si dung
phu gia ZSM-5

Pé nghién ctru anh huong cua tinh chat nguyén liéu dén hidu
qua su dung phu gia ZSM-5 cho phan xudng RFCC cia NMLD
Dung Quat, nhém tac gia da tién hanh danh gia hiéu qua xic tic
khi bo sung phu gia tir 1 dén 5% kI trén hai mau nguyén li¢u khao
sat la Mix BH 1 va Mix BH 2. Khoang khao sat nay dua trén kinh
nghiém ap dung thuc té tai NMLD Dung Quét do & ty 18 bd sung
cao hon thi s& anh huong dén gioi han van hanh cta hé thdng thu
hdi propylen. M6 phong duoc thuc hién trén co so giit nguyén
thong s6 van hanh ciia Nha may, chi thay doi tinh chat nguyén ligu
va bo hé s6 xtc tac. Két qua mo phong duoc tong hop tai bang 1.
Bang 1. Co’ céu san phdm cia phan xwéng RFCC khi thay doi ty
1é phu gia trén mau nguyén liéu Mix BH 1 va Mix BH 2.

Nguyén liu Mix BH 1 Nguyén léu Mix BH 2
eat  ZSM3-I'% ZSM5-2fo  ZSMS-3%  ZSM54%  ZSMS-$% Eeat  ZSMS-I%  ZSMS-2  ZSMS-3%  ZSMS% ZSMS-5%

Things Donyj

Cle rén i e sau
tisinh

Dy rlluyén hiachudn %Kl m 1y T3 70, T3 0 b7 90 513 536 59 81
Che %Kl 565§ 36 56 56 56 5158 59 60 60 6

Khikho %Kl JAREY ] 33 3 4l 44 % 3 38 43 49 53

LPG %kl 153 184 00 5] 24 B2 mow 18 142 167 193

Yokl 0o 0 00 00 002 002 00 002 00 00 002

Xing Ykl #3460 46 410 384 38 07 304 99 N2 83 72

1LCo Ykl 149 138 130 12 114 106 W9 145 140 136 132 17

Slurry %kl B4 133 125 117 111 103 B3 %S 6 n 309 Bl

¢ %kl 4360 8 96 N 134 PV 41 52 64

s

Olefin/Parafin trong LPG 08 08 08 08 [} 08 100 09 09 09 09

RON cia ving nrooNe 9l 915 919 923 907 912 91,7 921 925 928

Kiiim Wb 574 663 Tl 59 %49 M2 40 415 52 631 N 73

Tirbang 1 c6 thé thiy, voi ca 2 mau nguyén liéu, khi ting nong
d6 phu gia, 0 chuyén hoa déu ting, dong thoi ting hiéu suat khi
kho, LPG va propylen, trong khi d6 giam hi¢u suét phan doan ning
hon (xing, LCO va Slurry). Didu nay c6 thé dugc giai thich 1a
nguyén lidu cang nhe va cang nhiéu parafin, ¢6 kha ning cracking
cao, s& cho d6 chuyén hoa cao; nguoc lai nguyén lidu cang ning va
giau aromatic, kho cracking hon, s& cho d chuyén hoa thap hon
[3-5]. Tuy nhién, c6 su khéc biét dang ké vé phan b san pham khi
thay d6i tinh chat nguyén liéu. Mau nguyén lidu nhe, giau paraffin
(Mix BH 1) thi tac dong ciia phu gia 1én co cdu san phan 16n hon,
mirc tang hiéu suét propylen, khi kho, LPG 16n, trj s6 RON thap
hon so véi mau nguyén liéu ning, giau aromatic (Mix BH 2).

Anh hwéng ciia viée siv dung phu gia ZMS-5 t6i hiéu suit
propylen va xing

Thong thuong, vide sir dung phy gia ZSM-5 dé ting hiéu suét
propylene s& lam giam hiéu suat xang. Do d6, can quan tim dén
twong quan giira hiéu suat propylene va xang. Anh huong cia tinh
chat nguyén lidu khi thay dbi ty 1é phu gia ZSM-5 duoc trinh bay
¢ hinh 3.

M
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Hinh 3. Anh hwéng cua tinh chét nguyén ligu dén méi twong quan
gitra hiéu suat xang va propylen khi thay dbi ty lé phu gia ZSM-5
twr 1 den 5% k.

C6 thé thiy, hidu suat propylen ting thi hiéu sudt xing giam
d6i ca hai mau nguyén lidu nghién ciru. Két qua nay hoan toan phu
hop véi co ché hoat dong cua phu gia ZSM-5 13 bé gy cac olefin
trong phan doan xang thanh olefin nhe [2-5]. Tuy nhién, c6 sy
khac biét 1o rang giita hai mau nguyén lidu, véi nguyén lidu giau
paraffin (Mix BH 1), d6 doc cua do thi xang, propylen nho hon
nhiéu so v6i nguyén liéu Mix BH 2. Vi du tai cung ty 1¢ propylen
mong mudn 7,5% kI, lugng xang thu dugc véi cac nguyén lidu
Mix BH 2 va Mix BH 1 lan luot 1a 26 va 43% kl. Diéu nay c6 nghia
1a khi Nha may str dung phu gia ZSM-5 cho qua trinh cracking céc
nguyén liéu gidu parafin thi luong propylen thu dugc 1a lon nhit va
luong xdng mat di 14 it nhét.

Anh huwong cia viée si dung phu gia ZMS-5 t6i hiéu sudt
propylen/tong khi

Mot trong céc yéu cau khac khi st dung phy gia ZSM-5 1a hiéu
qua tang propylen khong lam anh huong nhiéu dén céc thanh phan
khi khéc. Didu nay duoc thé hién qua ty so giita hiéu suét propylen va
hiéu suat khi tong so voi ham luong phy gia ZSM-5 bd sung (hinh 4).

1 ~Ml- MixBH 1
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Hinh 4. Anh hwéng cla tinh chat nguyén liéu dén ty 1é propylen/
tong khi khi thay déi ty 1é phu gia ZSM-5 tir 1 dén 5% k.

C6 thé thy, khi ting ham luong phu gia b6 sung thi ty 18
propylen/tong khi ting ddi v6i ca hai mau nguyén liéu. Tuy
nhién, v6i mau nguyén li¢u giau parafﬁn (Mix BH 1) thi ty 1¢
propylen/khi tong cao hon so voi mau nguyén li¢u giau aromatic
(Mix BH 2). Nhu vy, c6 thé thay st dung phu gia khi ché bién
dau parafin ¢ loi hon so voi dau aromatic vi ¢6 ty 16 propylen/
tong khi 16n hon nén cung véi mot luong khi di vao thiét bi nén
khi 4m thi lugng propylen thu dugc khi s dung nguyén ligu
parafin la cao hon.
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Anh hwing ciia viée siv dung phu gia ZMS-5 t6i tri s6 octan
trong xang

Anh huong cia nguyén liéu dén higu qua tang tri sd octan trong
xdng cua phy gia ZSM-5 cling 13 thong s6 can dugce quan tm bén
canh muc tiéu tang hiéu suat propylen. Két qua thé hi¢n ¢ hinh 5.

93 .
/v
92 "/ /
8 -—
x / /
91 -
-~ Mlx BH 1
/
90 -
0 1 2 3 4 5

Ham lwong phu gia ZSM-5, % kI

Hinh 5. Anh hwéng cua nguyén ligu dén tri sé octan cua xang
trong mo phdéng khi thay doi ty 1é phu gia tir 1 dén 5% k.

C6 thé thay, khi ting ham lugng phu gia ZSM-5 thi tri s6 octane
theo RON clia xang ting kha tot. Két qua nay cing phu hop voi
co ché hoat dong ctia ZSM-5. Khi céc cdu tir olefin trong xang b
cracking thanh olefin nhe thi ham lugng aromatic trong xang s¢
ting, dan dén tri s octan ciia xdng ting [5]. So v6i nguyén li¢u gidu
paraffin, nguyén li¢u giau aromatic cho tri s octan cao. Nhu vy,
trong truong hop yéu cau cua Nha mdy la ting ddng thoi propylen
va tri s0 octane thi nguyén liéu giau aromatic c6 1gi thé hon.

Két luan

Két qua mé phong cho thdy tinh chat nguyén liéu anh hudng
kha 16n dén hiéu qua st dung phu gia ZSM-5. So vdi mau nguyén
liéu nang, giau aromatic (Mix BH 2), mau nguyén liéu nhe, giau
paraffin (Mix BH 1) cho hi¢u sudt propylen ting manh hon va
higu suat xang suy giam thap hon khi tang ty 1¢ phu gia ZSM-5 tur
1 dén 5% kl. Do do, khi Nha mdy mudn tang hi¢u suat propylen
ddng thoi vin quan tim t6i luong xang thi nguyén liéu nén sir
dung 1a nguyén liéu gidu parafin va 6 ty 18 phu gia thap. Tuy nhién,
hiéu qua ting tri s6 octane (RON) ciia phu gia ZSM-5 trén méu
nguyén lidu nhe, giau paraffin kém hon so véi miu nguyén liéu
ngng, giau aromatic. Do do, néu muc tiéu ctia Nha may la ting
propylene dong thi véi ting RON ciia xing thi nguyén liéu ning,
giau aromatic s€ ¢ lgi khi st dung phu gia ZSM-5.
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