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Tom tit:

Bai bao trinh bay két qua mé phéng, danh gia anh huwéng cia tinh chit nguyén liéu dén hiéu qua ting propylen
ciia phu gia ZSM-5 cho phin xwéng RFCC (Residue Fluid Catalytic Cracking) ciia Nha may loc diu (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
miu nguyén liéu nhe, giau paraffin so v6i miu nguyén liéu ning, gidu aromatic xét trén khia canh ting hiéu suit
propylen dong thoi véi duy tri hiéu suit xiing cao. Tuy nhién, miu nguyén liéu niing, giau aromatic sé cho xiing c6
tri s6 octan cao hon so véi miu nguyén li¢u nhe, gidu paraffin khi sir dung phu gia ZSM-5. Do d6, tity theo yéu ciu
ciia thi truomg, Nha may c6 thé lwa chon loai nguyén liéu c6 tinh chat phit hop dé t6i da hoa hiéu qua sir dung phu

gia ZSM-5.
Tir khoa: FCC, nhién li¢u, propylen, ZSM-5.
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Cracking xtc tac tang soi (Fluid Catalytic Cracking - FCC)
1a mot qué trinh quan trong trong loc ddu nham chuyén hoa phan
doan can nang, nhiét do s6i cao (>360°C) thanh cac san phém co
gi4 tri kinh té nhu nhién li¢u cho giao thong vén tai va olefin nhe,
chi yéu 1a propylen 1am nguyén lidu cho tong hgp polyme. Theo
thong ké nam 2014, thé gidi c6 khoang hon 300 phan xuong FCC
dang hoat dong véi cong sudt trén 5,6 triéu thing/ngay, cung cip
phan 16n san lwong xing ciing nhu mot phan quan trong propylen
cho cong nghiép hoa dau [1].

Xic tac cracking (xiic tic FCC) dong vai tro quyét dinh dén
hiéu qua hoat dong ctia phan xuong FCC. Zeolite mao quan 16n
Y (0,74 nm) 6 dang siéu bén (khir nhém) USY hodc trao dbi véi
dat hiém nhu REY, REUSY la thanh phan quan trong nhét cua xuc
tac FCC, chiém tir 10-50% khoi luong xiic tic va quyet dinh chinh
dén kha ning cracking cua xic tac ciing nhu hi¢u sudt san phim
xdng va khi [1, 2]. Dé tang hiéu sudt propylen, zeolite mao quan
trung binh ZSM-5 duoc bo sung dudi dang phu gia ZSM-5 [2, 3].
Véi kich thuéc mao quan dong déu trong khoang 0,52-0,56 nm,
ZSM-5 sg bé gy chon loc cac olefin mach théng trong phan doan
xang (C-C,) thanh cdc olefin nhe (C-C)). Dong thoi, qué trinh
nay sé lam tang ham lugng aromatic trong xang do mot phan olefin
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trong xang bi chuyén hoa thanh san phim khi. Két qua thu dugc la
ham lugng olefin nhe trong sin pham khi c6 thanh phan chu yéu la
propylen va tri sb octan cuia xang s& dugc tang 16n dang ké [3-5].

Hiéu qua tang propylen ctia phy gia ZSM-5 phu thuge kha nhiéu
yéu t, dac biét la tinh chat nguyén li¢u. Thong thuong nguyén liéu
nhe, giau paraffin s& c6 li cho hudng tang higu suat propylen bing
phu gia ZSM-5 so véi nguyén li€u ngng, giau aromatic. Tuy nhién,
kha nang tang propylen con phu thugc vao loai xuc tac, phu gia
str dung, cau hinh cong nghé ctia phan xuong FCC ciing nhu diéu
kién van hanh [4, 5]. Do do, cac nha may loc dau thudng phai xay
dung phan mém mo phéng cho phan xuéng FCC cia riéng minh
dé danh gia hiéu qua xic tac, phu gia moi, anh huong cua thay doi
tinh chét nguyén liéu dén co cdu san pham ciing nhu gioi han van
hanh ciia thiét bi.

Tai Viét Nam, phan xuéng FCC cua NMLD Dung Quat dugce
thiét ké dé ché bién phan cin nang tir thap chung cat khi quyén
(RFCC - Residue Fluid Catalytic Cracking), sit dung cong nghé
R.2.R, ban quyén ciia [FP/Axens. Cong suét thiét ké 69.700 thing/
ngay, st dung nguyén liéu Bach H6. Lugng xtc tic dua vao ban
dau 600 tin. Luong xiic tac bo sung 15,2 (tan/ngay) Ngoai ra,
dé ting hiéu suét propylen, phu gia ZSM-5 dugc bé sung cling
v6i xtc tic FCC méi theo ty 1& khoang 1-5% theo khdi 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.
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kl) [6]. Tuy nhién, do su suy giam san lugng khai thac clia mo
Bach Ho nén NMLD Dung Quit phai nghién ctru, phdi tron dau
Bach Ho véi céc loai dau khéc nhau dé ché bién, dan dén tinh chat
nguyén lidu cho phan xuong RFCC thay doi. Thuc té nay dat ra
nhu cau phai nghién ciru, danh gia anh huong cua viée thay doi
tinh chat nguyén liéu dén giéi han van hanh, hiéu qua xdc tac, va
ddc biét 1a hiu qua tang propylen cta phy gia ZSM-5.

Trong bai béo nay, ching toi trinh bay két qua nghién ctru
d4nh gia anh huong cua tinh chat nguyén liéu dén hiéu qua ting
propylen ctia phu gia ZSM-5 bang phin mém mo phong FCC-SIM
ctia NMLD Dung Quét. Cac mau nguyén liéu va xtc tac dugc thu
thap tir NMLD Dung Quat, sau d6 dugc phan tich va danh gia
hiéu qua trong phong thi nghlem dé xay dung bo thong s6 dau vao
cho qué trinh mo phong. Két qua mo phong s& gitip du bao dugce
su thay doi co cdu san pham ctia phan xuong RFCC khi thay doi
nguyén liéu ciing nhw ndng do phu gia ZSM-5 bd sung.
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Doi tuong va phuong phap

Pham mém mé phong FCC-SIM ciia NMLD Dung Quét cho
phép tinh toan hidu suat chuyén hoa, co ciu san pham va cac thong
s0 van hanh phu thugc khi tinh chat nguyén liéu, xtc tac hodc cic
thong s6 van hanh doc lap ctia phan xuong FCC thay doi.

Nguyén Iy, phwong phdp tinh todn ciia phin mém mé phéng
FCC-SIM

Qua trinh cracking xuc tac c6 co ché rat phire tap, luong cau tur
trong nguyén li¢u la rat 16n, vi vy nhirng cau tir ¢ tinh chat gan
gidng nhau (cing ho va ¢6 s6 cacbon gin nhau) duoc gop lai thanh
mot nhom. Hudng phan img cracking cua cac nhom nay rat phuc
tap, phu thudc vao ho hydrocacbon va s0 phan tir cacbon cua cau
tir gia, ciing nhu cac diéu kién van hanh, tinh chat xtc tic. Phan
mém FCC-SIM st dung so d huéng phan img sau:
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G = Gasoline (Cs- 221°C)

H = 343°C+

L =221-343°C

P = Parafin Carbon

N = Naphthen Carbon

A = Aromatic Carbon

Ca = CCR
Hinh 1. So’ d6 miéu ta hwéng tao san pham trong phan mém FCC-
SIM.

Qué trinh cracking xuc tic bao gdm hai nhom phan tng chinh
1a phan tmg cracking xuc tac va phan tng cracking nhiét. Phan
mém mo phong tinh toan loai phan tmg chinh nay véi cac nhom
cdu tir bang hai phuong trinh dong hoc sau day:
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«  Voi phan ung cracking nhiét:
—AC = Ko*f(C)re "/ xPxC, » At,

trong do: -AC 1a do giam sb nguyén tir cacbon; K 1a hing s6 toc
d¢ phan tmg; f{C,) 1a ham déc trung cho cau tir gid (phu thude ho
hydrocacbon va s6 cacbon); E_ 1a nang lugng hoat hoa phan tmg;
R 13 hing s6 khi ly tuong; T Ia nhiét d phan tmg; P 1a ap suat
phan tng; C, 1a so cacbon trong céu tir phan tmg; At, 1a thoi gian
luu phan ung.
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Vi phan ung cracking xuc tac:

—AC = axp Ko+ f(C)=e " RT2P%x (At
trong do: a la hé s ddc trung cua xuc tic; p, 1a mat d6 xtc tac; P*

1 ap suat phan (g cracking xuc tac.

Qua hai cong thirc trén ta thdy phan tng cracking nhiét phu
thuc vao ap suét, nhiét o phan tmg, thoi gian lwu va ban chat cta
cu tir tham gia phan tmg (s cacbon va ho hydrocacbon). Trong
khi phan tmg cracking xuc tic ngoai cac thong sb trén, né con phu
thudc vao tinh chét xuc tac va mat d6 cua xuc tac.
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Phuwong phap xdy dung mé hinh

M0 hinh duoc xdy dyng dya trén cau hinh cong nghé R.2.R
cua IFP/Axens hién dang dugc st dung tai NMLD Dung Quét
Cac thong sb dau vao can thiét gom: dic tinh nguyén liéu, tinh chat
xiic tac va toan bo diéu kién van hanh. Sau d6 céc thong sd dugc
hiéu chinh sao cho hiéu suit chuyen hoda va co cdu chét luong san
pham sat véi thue té. Ung voi mdi bo thong sb dau vao (nguyén
liéu, thong s6 van hanh, tinh chit xtc tac) s& c6 mot bd hiéu chinh
co sO tuong (g, b hidu chinh cudi cing duge chon 14 ldy trung
binh tir cac bd hi¢u chinh co s& (cang nhiéu bd hiéu chinh co s¢ thi
mé hinh cang chinh x4c). Cudi cting bd hiéu chinh nay dugc ding
dé du bao co cau chét lugng san pham va tinh toan hi¢u qua kinh
té khi thay di cac thong so quan tim nhu: tinh chit nguyén liéu,
thong s6 van hanh hay loai xic tic méi.

Thuec hién mo phong

Quy trinh m6 phong danh gia dugc miéu ta ¢ hinh 2. Day 1a m6
hinh RFCC duoc xay dyng cho NMLD Dung Quit dé mo phong
danh gia lya chon xic tic, nong do phu gia, anh huong cua tinh
chat nguyén liéu.

Phén mém Céng nghé
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Co ciu
san ph

Thong s&
mé phéng

Du bdo co cdu san phim
Xuat LP vector
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Hinh 2. Quy trinh danh gia anh hwéng cua nguyén liéu dén hiéu
qua téng propylen cta phu gia ZSM-5 trong phén xwéng RFCC
cuia NMLD Dung Quat.

Tir hinh 2 ¢6 thé thay, cdc dir liéu quan trong dé tng dung mo
hinh mé phong 1a bd hé s6 xic tac (catalyst factor) va tinh chat
ctia nguyén lidu. Trong nghién ciru nay, hai mau nguyén liéu phdi
tron 12 Mix BH 1 va Mix BH 2 vdi tinh chét khac nhau dugc sur
dung. Mau Mix BH 1 1a nguyén liéu phdi tron cta dau Bach HO
voi dau thé co tinh chat tuong tu Bach Hb, hién dang ché bién tai
NMLD Dung Quét. Mu Mix BH 1 ¢6 dic diém 1a dau nhe, ham
lugng parrafin cao, dé cracking. Mau Mix HB 2 1a mau phoi tron
ctia diu Bach H6 v6i dau ¢6 ham lugng aromatic cao, dang dugc
thtr nghiém ché bién. Pic diém cua mau ddu Mix BH 2 1a dau
ngng hon, ham lugng aromatic cao hon va khé cracking hon. Chi
tiét tinh chat nguyén lidu khong dugc cong bd do yéu cau bao mat
thong tin.

Mau xiic tac sir dung dé danh gia la xtc tac FCC can bing
(Ecat) tir NMLD Dung Quat. Phu gia ZSM-5 dugc phdi tron véi
Ecat theo ty 1¢ tur 1 dén 5% k1 dé tao thanh m¢t dong xiic tac
méi. BO thong sd xuc tac (catayst factors) dugc xdy dung trén co
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s6 danh gi4 hiéu qua cic miu xic tac nghién ctru trén hé thiét
bi chuyén dung Short-contact-time Microactivity Test Unit (SCT-
MAT) m6 phong diéu kién cua qua trinh FCC tai Vién Déu khi
Viét Nam.

Két qua va thao luan

Anh hwéng ciia tinh chit nguyén ligu dén hiéu qua sir dung
phu gia ZSM-5

Dé nghién ciru anh huong cia tinh chit nguyén ligu dén hidu
qua st dung phu gia ZSM-5 cho phén xuéng RFCC cua NMLD
Dung Quit, nhom tic gia da tién hanh danh gid hiéu qua xuc tac
khi bd sung phu gia tir 1 dén 5% kI trén hai mau nguyén li¢u khao
sat la Mix BH 1 va Mix BH 2. Khodng khdo st nay duya trén kinh
nghiém ap dung thyc té tai NMLD Dung Quét do & ty 1& bo sung
cao hon thi s& anh huong dén giéi han van hanh cua hé thong thu
hoi propylen. M6 phong dugc thuc hién trén co s¢ gitr nguyén
thong s6 van hanh cua Nha may, chi thay doi tinh chét nguyén liéu
va bo hé s6 xtc tac. Két qua mo phong dugc tong hop tai bang 1.

Bang 1. Co’ cau san pham ctia phan xwéng RFCC khi thay doi ty
1& phu gia trén mau nguyén liéu Mix BH 1 va Mix BH 2.

Nguyén igu MixBH 1 Nguyén igu MixBH2
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Tir bang 1 ¢6 thé thiy, v6i ca 2 mau nguyén lidu, khi ting ndng
d6 phu gia, d¢ chuyén hoa déu tang, déng thoi tang hiéu suat khi
kho, LPG va propylen, trong khi d6 giam hi¢u suat phan doan ning
hon (xing, LCO va Slurry). Diéu nay co thé duoc giai thich 1a
nguyén liéu cang nhe va cang nhiéu parafin, co kha ning cracking
cao, s& cho do chuyén hoa cao; ngugc lai nguyén lidu cang ning va
gidu aromatic, kho cracking hon, s& cho do chuyén hoa thap hon
[3-5]. Tuy nhién, c6 sy khdc biét dang ké vé phan bo san pham khi
thay doi tinh cht nguyén liéu. Mau nguyén liéu nhe, giau paraffin
(Mix BH 1) thi tac dong cua phu gia lén co cau san phan 16n hon,
muc ting hidu sudt propylen, khi kho, LPG 16n, tri 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 téi higu suit
propylen va xing

Thong thuong, viée s dung phu gia ZSM-5 de tang hiéu suit
propylene s& lam giam hi¢u sudt xang. Do do, can quan tam dén
tuong quan giira higu sudt propylene va xing. Anh huong ciia tinh
chat nguyén lidu khi thay déi ty 1¢ phu gia ZSM-5 duoc trinh bay
¢ hinh 3.

M
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Hinh 3. Anh hwéng cua tinh chat nguyén ligu dén méi twong quan
gitka hiéu suat xang va propylen khi thay ddi ty Ié phu gia ZSM-5
tee 1 den 5% kl.

C6 thé thay, hiéu sudt propylen ting thi hiéu sudt xing giam
ddi ca hai mau nguyén liéu nghién ctru. Két qua nay hoan toan phu
hop véi co ché hoat dong cua phu gia ZSM-5 14 bé gy cac olefin
trong phan doan xang thanh olefin nhe [2-5]. Tuy nhién, c6 su
khac biét rd rang giita hai mau nguyén liéu, voi nguyén li¢u giau
paraffin (Mix BH 1), do ddc cua do thi xdng, propylen nho hon
nhiéu so voi nguyén liéu Mix BH 2. Vi du tai cing ty 18 propylen
mong mudn 7,5% kI, luong xang thu dugc véi cic nguyén liéu
Mix BH 2 va Mix BH 1 lan luot 1a 26 va 43% kl. Diéu nay c6 nghia
la khi Nha may st dung phu gia ZSM-5 cho qua trinh cracking cac
nguyén lidu giau parafin thi lugng propylen thu dwoc Ia 16n nhat va
luong xing mat di 13 it nhét.

Anh huong ciia vi¢e sic dung phu gia ZMS-5 téi hi¢u suit
propylen/tong khi

Mot trong cac yéu cau khac khi sir dung phu gia ZSM-5 1a hi¢u
qua tang propylen khong lam anh hudng nhiéu dén cc thanh phan
khi khc. Diéu  ndy duge thé hién qua ty s0 giita hiéu sudt propylen va
hiéu suét khi tong so v6i ham luong phy gia ZSM-5 bd sung (hinh 4).
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Hinh 4. Anh hwéng caa tinh chat nguyén ligu dén ty 1 propylen/
tong khi khi thay déi ty 1& phu gia ZSM-5 tir 1 dén 5% kl.

C6 thé thay, khi ting ham lugng phu gia b6 sung thi ty 18
propylen/tong khi ting d6i v6i ca hai miu nguyén liéu. Tuy
nhién, v6i mau nguyén liéu giau paraffin (Mix BH 1) thi ty 1¢
propylen/khi tong cao hon so v6i mau nguyén liéu gidu aromatic
(Mix BH 2). Nhu vy, co thé thay st dung phu gia khi ché bién
dau parafin ¢ loi hon so voi ddu aromatic vi ¢6 ty 1& propylen/
tong khi 16n hon nén cing véi mot lugng khi di vao thiét bi nén
khi am thi lugng propylen thu duoc khi st dung nguyén liéu
parafin 1a cao hon.
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Anh hwéng ciia viée siv dung phu gia ZMS-5 t6i tri so octan
trong xang

Anh huong ctia nguyén ligu dén higu qua téng tri s6 octan trong
xang cua phu gia ZSM-5 cling la thong s can dugce quan tim bén
canh muc tiéu tang hiéu suat propylen. Két qua thé hi¢n ¢ hinh 5.
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Hinh 5. Anh hwéng cua nguyén ligu dén tri s octan cua xéng
trong mé phéng khi thay déi ty Ié phu gia tir 1 dén 5% kl.

C6 thé thay, khi ting ham luvong phu gia ZSM-5 thi trj s6 octane
theo RON ciia xdng tang kha tot. Két qua nay ciing phu hop véi
co ché hoat dong cia ZSM-5. Khi céc cau tir olefin trong xang bj
cracking thanh olefin nhe thi ham lugng aromatic trong xang sé
tang, dan dén tri s octan cta xing ting [5]. So v6i nguyén liu giau
paraffin, nguyén liéu giau aromatic cho tri s octan cao. Nhu vy,
trong truong hop yéu cau cua Nha may la tang dong thoi propylen
va tri s octane thi nguyén lidu gidu aromatic c6 loi thé hon.

Két qua mo phong cho thiy tinh chat nguyén liéu anh huong
kha 16n dén higu qua st dung phu gia ZSM-5. So véi mau nguyén
liéu nang, giau aromatic (Mix BH 2), mu nguyén li¢u nhe, giau
paraffin (Mix BH 1) cho hiéu suét propylen ting manh hon va
higu sudt xing suy giam thap hon khi tang ty 1€ phu gia ZSM-5 tr
1 dén 5% kl. Do d0, khi Nha mdy mubn tang hiéu suat propylen
dong thoi van quan tam t6i lugng xdng thi nguyén ligu nén sir
dung 12 nguyén liéu gidu parafin va 6 ty 18 phu gia thap. Tuy nhién,
higu qua tang tri s6 octane (RON) ctia phu gia ZSM-5 trén méau
nguyén lidu nhe, giau paraffin kém hon so véi mau nguyén liéu
ning, gidu aromatic. Do do, néu muc tiéu ciia Nha méy la ting
propylene ddng thoi v6i tang RON clia xang thi nguyén ligu ning,
giau aromatic s€ co lgi khi s dung phu gia ZSM-5.
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