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Déng phdn héa naphtha nhe lad mét qud trinh quan trong duoc sir dung & cdc nha mdy loc ddu nhdm chuyén héa phén doan naphtha
nhe chung cdt tructiép cé tri s octane thdp thanh sdn phdm dong phdn héa cé tri s6 octane cao hon diing dé pha trén xing. Nghién ciiu
mé phéng déng sé hé trg ddc lu'c cho qud trinh viin hanh va hoat déng, nhdm ddnh gid thay doi cdc diéu kién cong nghé, diéu kién vdn hanh
trong cdc nha mdy loc ddu, tinh cdn bdng vdt chdt, cdn bdng néing luang va téi uu héa cdc dong céng nghé trong phdn xuéng. Nghién ciu
ndy sit dung phdan mém mé phdéng Unisim Design (Honeywell/UOP) dé mé phdng, tinh todn théng sé. Cdc s liéu thu dugc cé thé sit dung
trong qud trinh vin hanh, diéu khién céng nghé va téi uu héa diéu kién ty Ié dong hydro/hydrocarbon cho phdn xuéng dong phdn héa.

Tir khéa: Qud trinh dong phdn hda, hydroisomer hda, mé phéng, téi uu hda, Unisim Design.

1. Giéi thiéu

Phan xudng dong phan héa la phan xuéng xdr ly phan
naphtha nhe, cé tri s6 octane thap thanh san pham co tri
s6 octane (TSOT) cao hon nham dap tng qua trinh phoi
tron nhién liéu va tang hiéu qua kinh té. Qua trinh déng
phan héa st dung phan tiing ddng phan héa duéi ap suat
hydro, chuyén héa phén n-paraffin C,, C, thanh hop chét
iso- O tri s6 octane cao hon nhiéu so véi nguyén liéu ban
dau [1 - 3]. So d6 cong nghé cla qua trinh dong phan
dugc trinh bay trong Hinh 1.

Nguyén liéu naphtha nhe c6 thanh phan chu yéu la
nC,, nC, paraffin v6i TSOT lan luet la 61,7 va 25, dugc tron
cung dong hydro ctia nha may va di vao thiét bi phan ting
déng phan héa. G day st dung 2 thiét bi néi tiép nhau dé
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nang cao hiéu suat ctia phan ting. Do phan ting déng phan
hoa la phan ting tda nhiét nhe nén gitia 2 thiét bi co dat cac
thiét bi trao d6i nhiét dé tan dung va lam gidm nhiét d6 cta
dong sédn phdm qua thiét bi phan (ing dau tién. Dong san
pham di ra dugc dua vao thap 6n dinh, tdch phan khi nhe
thu dugc trén dinh thap va san pham 16ng dudi day thap.
Dong san phdm 16ng dugc dua qua thap chung cat DIH
tach phan nC, va methyl pentane c6 TSOT thdp nham tuan
hoan lai thap phan Ung, tang hiéu qua qua trinh. San phdm
cudi thu dugc la xang isomerate c6 TSOT 87 - 89.

Phan mém Unisim ctia Honeywell dugc lua chon dé
mo phong, t6i uu hda qua trinh. Bai bao trinh bay két qua
mé phdéng déng cong nghé déng phan héa nghién ciu
t6i uu hda dong hydro cung cap cho qua trinh phan tng.
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Ngay nhdn bai: 19/10/2017. Ngay phdn bién ddnh gid va stia chifa: 19/10 - 17/11/2017. Ngay bai bdo dugc duyét ding: 13/3/2018.
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2. Mé phéng phan xuéng déng phan
héa
2.1. Lua chon cdc cdu tir

Cac cau t& mé phong dugc chon
theo danh sach ciu ti nhu trong tai liéu
tham khao [3] (Hinh 2).

2.2. Lua chon hé nhiét dong

Hé nhiét déng dugc st dung la hé
Peng-Robinson. Pay la hé nhiét déng
phU hgp nhat dé tinh toan can bang
Idng - hoi cling nhu tinh toan ty trong
chat ldng cho cac qua trinh xur ly hydro-
carbon [4-7].

2.3. Thiét Idp géi phan ing

Goi phan tng dugc thiét lap gém:
phan ting déng phan hoa; phan ting no
hoéa vong benzene; phan (ng mé vong
naphthene va phan tng hydro cracking
[3]1 (Bang 1).

2.4. Thiét Idp cdc dong nguyén liéu

Nguyén liéu cho phan xudng déng
phan la cac dong naphtha nhe (201) tu
phan xuéng xu ly hydro va dong hydro
(101) thuong dugc lay ti phan xudng
reforming xuc tac. Thong sé cac dong
nguyén liéu dugc thé hién trong Bang 2.

2.5. Thiét lap cdc thiét bj

Cac thiét bi chinh va ky hiéu trong
phan xudng dong phan hoa dugc trinh
bay trong Bang 3.

2.6. Thiét Idp cdc vong diéu khién

C4c vong diéu khién dugc mo
phéng lai tU cac vong diéu khién
thudng st dung trong thuc té.

3. Két qua va thao luan
3.1.S0d6é mé phdéng phdn xuéng déng
phdn hoa

K&t qua mé phéng déng phan
xudng déng phan héa dugc thé hién &
Hinh 3.
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Hinh 2. (dc cdu tirmé phdng
Bding 1. Cdc phdn ing xdy ra trong qud trinh
T Phan ting Loai phan ting
1 nCs o iCs
2 nCe < 2MP
i 2,\%2:_)2?2’,;‘,\28 Phan (ing déng phan héa
5 22DMB < 23DMB
6 MCP & CH
7 Benzene — CH Phan Ung no héa benzene
8 CH = nG Phan ting m& vong naphthene
9 MCP — nCq
10 nG +H—» G +iC, Phan uing hydro cracking
Bdng 2. Thdng sd cdc dong nquyén liéu
, Donghydro 208
Thong so Pon vi (% khoi o e
lugng) (% khoi
: lugng)
Nhiét do °C 37 59
Ap suat kPag 2452 824
Thanh phan
Ky hiéu Cau tu
H.0 Nu6c 2,16 0
H2 Hydro 97,05 0
(@ Methane 0,79 0
G Propane 0 0
iCy i-Butane 0 0,03
nC, n-Butane 0 2,77
iCs i-Pentane 0 18,04
nCs n-Pentane 0 30,54
22DMB 22-DiMbutane 0 0,26
23DMB 23-DiMbutane 0 1,44
2MP 2-Mpentane 0 12,01
3MP 3-Mpentane 0 6,97
nCe n-Hexane 0 15,43
nG, n-Heptane 0 3,85
MCP Mcyclopentane 0 6,28
CH Cyclohexane 0 1,13
BZ Benzene 0 1,25
Téng 100 100
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Bdng 3. Cdc thiét bi chinh cda phdn xuéng déng phdn héa

T Thiét bi Ky hiéu
1 May nén K-100
2 Bom tang ap P-100/P-101/P-102
3 B6 hoa tron nguyén liéu MIX-100/MIX 104/MIX-105/MIX-106
4 Thiét bj trao d6i nhiét E-101/E-102/E-103
5 Thiét bi phén ting Lead reactor/Lag reactor
6 B6 chia dong TEE-100/TEE-101/TEE-104
7 Thiét bi 6n dinh san pham Stabilizer
8 Thiét bi chung tach san pham DIH
9 Thiét bi gia nhiét E-100
10 Thiét bi lam mat bang khéng khi AC-100
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Hinh 4. Thong s6 hoat dong cda dong hydro

Hinh 3 thé hién théng s8 co ban can thiét cla cac
vong diéu khién, cac thiét bj va cac dong cong nghé chinh
cUa phan xudng déng phan hoa.

3.2. Biéu dé théng sé hoat déng ctia cdc vong diéu khién

Hinh 4 - 7 thé hién thong s6 hoat déng mét s vong
diéu khién.

M6 hinh mé phéng déng dang van hanh 6n dinh (tur
Hinh 4 - 7 dudng mau xanh la gié tri cong nghé, mau dé la
gid tri cai dat; c6 thé thay céc gia tri nay dang dan dat én
dinh, it thay déi). Cac vong diéu khién dap (ng dugc yéu
cau cong nghé. 6 m& cla cac van diéu khién déu nam
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Hinh 5. Thong sé hoat dong cia dong hydrocarbon

trong khoadng binh thudng, cho phép kha nang tang cong
suat phan xudng néu can.

3.3. Bdnh gid két qua mé phdong
3.3.1. Dong sén phdm sau phan tng

Cac théng s6 thanh phan thu dugc ti qua trinh mo
phong dugc so sanh véi s liéu thuc té trong phan xudng
hydroisomer héa [3]. Cac tri s6 PIN va x-factor dugc sur
dung dé xac dinh hiéu qua, doé chuyén héa va danh gia
két qua dat dugc:

PIN (Paraffin Isomerization Number) |a téng cda ty lé

3 san pham (IC,/C.P + 22DMB/C,P + 23DMB/C,P) theo %
khéi lugng.
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Hinh 6. Thdng s& hoat déng ctia bé diéu khién nhiét d6 s6'1

Tri s6 PIN dac trung cho muc dé phan ting
déng phan xay ra sau thiét bi phan tng. Do
dé, chon dong san pham dat dugc khi di qua
2 thiét bi phan tng dé tinh tri s6 PIN. Két qua
dugc trinh bay trong Bang 4.

D6i chiéu so6 lieu thuc té, két qua mo
phong khéng cé sai léch 16n. So sanh dong
nguyén liéu va dong sdn pham cho thay
thanh phan céc cau ti chinh can chuyén hoéa
(nC,, 3MP) gidm r6 rét, thanh phan cac cdu ti
mong mudén (22DMB) tang lén. Cac tinh chéat
khac cia sdn pham nhu RON; cac chi sé PIN,
x-factor cling thay d6i theo. Qua trinh chuyén
hoa thu dugc lugng I6n iC, tuong duong véi
két qua thuc té. Su chuyén hoéa thanh lugng
I6n 22DMB gitip chi s6 PIN dat dugc vuat troi
50 Vdi gia tri tinh toan thuc té.

X-factor = Benzene (%kl) + cyclohexane (%kl)
+ MCP (%kl) + C,, (%K)

Hé s6 x-factor clia dong nguyén liéu dau
vao (dong 243):

X-factor=1,25+1,13 + 6,28 + 3,85 =12,51

Hé s6 x-factor ciia dong san pham dau ra
(dong 401):

X-factor =039 +0,05+1,33+0=1,77

Hé s6 x-factor thiét k& cGia dong san phdm
dau ra:

X-factor = 1,63 + 2,28 + 4,67 + 0 = 8,58

Hé sé x-factor dac trung cho ham lugng
cac san phdm khoéng mong muén trong
nguyén liéu ban dau hodc sau qua trinh phan
Ung. Sau phan (ng, khi tién hanh mé phéng,
gia tri x-factor thap nhat thi qua trinh phan

Hinh 7. Théng s& hoat ddng ctia b diéu khién nhiét d6 s6 2

Bdng 4. So sdnh thanh phdn va tri s6 PIN ctia dong nguyén liéu va san phdm

Cau tua

G
iC,
nC,
iCs
nCs
22DMB
23DMB
2MP
3MP
nCe
MCP
CH
BZ
nC,
Téng
iCs/CsP
22DMB/C4P
23DMB/C4P
PIN

Cau tu

iCy
nC,
iCs
nCs
22DMB
23DMB
2MP
3MP
nCs
MCP
CH
Benzene
nG
RON

Luu lugng dong Luu lugng dong Luu lugng dong san

truéc phan ling
(% khéi lugng)

RON

102
94
93
61,8
91,8
104,3
73,4
74,5
24,8
89,3
84,0
120,0
0

0
0,03
2,77

18,04
30,54
0,26
1,44
12,01
6,97
15,43
6,28
1,13
1,25
3,85
100
0,371
0,007
0,040
0,418

thuc té

[3]

(% khéi lugng)

0,08
0,94
4,20
35,97
14,60
9,47
3,65
11,35
6,61
4,55
4,67
2,28
1,63
0
100
0,711
0,266
0,102
1,080

Bding 5. So sdnh TSOT trudc va sau phdn ting

Truéc phan ting

(% khéi lugng)

0,03
2,77
18,04
30,54
0,26
1,44
12,01
6,97
15,43
6,28
1,13
1,25
3,85
65,92

Isomerate

(% khéi
lugng)
1,46
2,72
37,84
10,46
31,68
4,01
8,81
0,14
0,05
1,33
0,05
0,39
0
87,25

pham mé phéng

(% khéi lugng)
1,06
1,46
2,72

37,84
10,46
31,68
4,01
8,81
0,14
0,05
1,33
0,05
0,39
0
100
0,783
0,709
0,090
1,582

Isomerate
thuc té[3]
(% khéi lugn
0,94
4,20
35,97
14,60
9,47
3,65
11,35
6,61
4,55
4,67
2,28
1,63
0
82,31
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Ung la téi uu. Trong khi d6, hé s6 x-factor clia sdn pham
13 8,58 16n hon xap xi 7 dan vi so véi dong san pham khi
mo phong.

3.3.2.So sdnh chi tiéu cdc san phdm ctia phan xuéng

Nhu vay, sau phan ting, TSOT clia nguyén liéu tang Ién
22 don vi, thich hgp dé pha trén xang thuong pham, két
qua nay cao hon két qua thuc té€ dugc Nikita V.Chekantev
va cdng su [3] cdng bé.

3.4. Cdn bdng vét chdt va ndng lugng
3.4.1. Can bding vat chat

Céng cu Property Balance Utility dugc st dung dé
tinh toan can bang vat chat, két qua thu dugc nhu Hinh 8.

Sai s6 rat nho, khoang 0,83kg/gid, cho thdy hé mo
phdng dang van hanh rat én dinh. Mé phéng déng van
chiu anh hudng cua dé tré theo thai gian va su luu chia
vat chat trong hé théng.

3.4.2. Cdn bdng ndng lugng

SU dung céng cu Property Balance Utility tinh dugc
can bang nang lugng nhu Hinh 9. Két qua dua ra sai s6 can
bdng nang lugng khoang 1,08%. Dé sat vdi thuc té, mo
phong that thoat nhiét ra moéi trudng clia mot sé thiét bi
quan trong dugc thuc hién nhung lugng that thoat khéng
dugc tinh bang cong cu Property Balance Utility.

3.5. Téi uu héa ty Ié dong hydro/hydrocarbon

Cac gidi phap dé t8i uu hdéa qua trinh van hanh cda
cac nha may loc héa dau nhu: t6i uu ké hoach san xudt,
bao duéng; lua chon nguyén liéu, héa pham cho Igi ich
cao nhat; tiét kiém nang lugng va nang cong suat ché
bién. Tuy nhién, trong pham vi nghién ctu chi trinh bay
t6i uu hoa dong hydro cung cap cho qua trinh phan Ung.

Phan tir hydro khong tham gia vao phan (ing dong
phan héa nén khéng gay anh hudng 16n dén qua trinh
déng phan hoa. Tuy nhién, qua trinh nay van hoat déng
trong diéu kién moi trudng hydro (dudi p suat hydro)
gilp gidam cac phan Ung tao cbc, bao vé xuc tac. Hydro
tham gia cac phan Ung phu cta qua trinh isomer héa
(phadn Ung bao hoa benzene, phan Ung hydrocracking,
phan ing mé vong) va dugc tiéu thu trong nhitng phan
Ung nay du khong co nhiéu thanh phan hydro trong
nguyén liéu. Hydro déng vai trd quan trong dé dam bao
thai gian hoat dong clia xuc tac, dong thdi ham lugng
hydro ciing &nh hudng dén qua trinh van hanh, cau truc
thiét bi ctla phan xudng.
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Bding 6. Két qud khdo sdt dnh hudng ctia ty I hydro/hydrocarbon

Luu lugng dong Nhiét dd thiét bi phan ting

Ty s6 hydro/hydrocarbon RON san pham

(kgmol/gio) Lead reactor (°C) Lag reactor (°C)
104 0,137 150,5 152,5 87,48
108 0,142 150,4 152,4 87,51
112 0,148 150,3 152,3 87,53
116 0,153 150,1 152,2 87,55

Khao sat sy anh hudng cta luu lugng hydro dén nhiét
d6 & thiét bi phan tng sé 1 (lead reactor) va sé 2 (lag reac-
tor) dugc trinh bay trong Hinh 10.

Lugng hydro tang Ién, nhiét d6 duy tri trong cac thiét
bi phan (ing gidm xuéng gdy anh huéng dang ké dén
phan ing can bang nén viéc xac dinh luu lugng t6i uu la
diéu can thiét.

Anh hudng cta hydro/hydrocarbon @én chét luong
san pham dugc trinh bay trong Bang 6.

Hydro/hydrocarbon c6 anh huéng dang ké trong qué
trinh san xudt, gia thanh san xuat hydro rat cao. Vi vay, luu
lugng mole dau vao trong phan xudng hydroisomer hoa
t6i uu can duy tri tir 104 - 108kgmol/gid.

4.Két luan

Nghién ctitu d& mo phong thanh céng phéan xuédng
déng phan héa bang phan mém Unisim Design, dong
thdi mé phong thanh cong cac dong cong nghé chinh,
cac phan ung chuyén hoéa va thap tach dé thu san phdm
cudi cing. K&t qua mo phong thu dugc gobm cac tinh toédn
vé can bang vat chat va can bang nang lugng, dam bao chi
tiéu sdn pham cda phan xudng isomer hoa.

Trang thai mdé phdng déng clia md hinh 8n dinh,

thong s6 diéu khién clia cac vong diéu khién rat 8n dinh
theo thdi gian, tir d6 c6 thé tién hanh theo déi, xem xét céc
yéu t6 anh hudng dén thong sé cdng nghé clia qua trinh.

Tai liéu tham khao
1. Honeywell UOP. www.uop.com.

2. Viacheslav A.Chuzlov, Emilia D.lvanchina, Igor’
M.Dolganov, Konstantin V.Molotov. Simulation of light
naphtha isomorization process. Procedia Chemistry. 2015;
15: p. 282 - 287.

3. Nikita V.Chekantev, Maria S.Gyngazova, Emilia
D.lvanchina. Mathematical modeling of light naphtha (C5,
C6) isomerization process. Chemical Engineering Journal.
2014;238:p. 120 - 128.

4. Nguyén Duy Thuan, Tran Quang Hai, Pham Thanh
Huyén. M6 phéng va téi uu héa, x(t ly su cé trong qud trinh
van hanh phdn xudng Transalkyl héa cdc hydrocarbon thom
(TATORAY). Tap chi Dau khi. 2016; 9: trang 34 - 45.

5. William L.Luyben. Plantwide dynamic simulators in
chemical processing and control. CRC Press. 2003.

6. Honeywell. Dynamic modelling using unisim design.
2011.

7. Aspen Hysys. Dynamic modelling. 2004.

STUDY ON DYNAMIC SIMULATION
OF LIGHT NAPHTHA HYDROISOMERISATION PROCESS

Summary

Nguyen Trong Thai'2, Pham Thanh Huyen?
"Nghi Son Refinery and Petrochemical LLC

“School of Chemical Engineering, HUST

Email: trongthai97@gmail.com

Hydroisomerisation is one of the most important processes that has been used in refineries to convert low quality light naphtha

from (DU (crude distillation unit) into high octane number isomerate for gasoline pool. The dynamic simulation of this process will be
applied to evaluate the changes of technological and operational conditions in the refineries, and calculate the material balance and
energy balance for optimisation of technologies in the unit. In this research, the hydroisomerisation process will be simulated by Unisim
Design software (Honeywell/UOP). The data collected can be used in the operation and control process and optimisation of the hydrogen/
hydrocarbon ratio for hydroisomerisation unit.

Key words: Hydroisomerisation, simulation, optimisation, Unisim Design.
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