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Nghién citu tién hanh mé phdng qud trinh xir Iy luu huynh nguyén liéu LCO ciia Nha mdy Loc ddu Dung Quadt béng
phdn mém mé phdng Unisim Design. Qud trinh mé phéng sir dung cdc théng sé déng hoc cta 44 cdu tir chira luu
huynh va dua trén cdc diéu kién, cdc théng sé vén hanh thuc té (luu lugng, nhiét dé va dp sudt) cia Phdn xuéng xir ly
LCO bding hydro (LCO-HDT), Nha mdy Loc ddu Dung Qudt. Cdc phan iing Hydrodesulfurization (HDS) dugc thuc hién
trong thiét bi Plug Flow Reactor (PFR). Két qua thu dugc tir mé hinh HDS-PFR du'oc nhém tdc gid so sdnh véi két qua
thu dugc tir géi mé phéng HDS-ASPEN va két qud vén hanh thuc té ciia Phén xuéng LCO-HDT, Nha mdy Loc ddu Dung

Quat.

Tirkhéa: M6 phdng, HDS, LCO, mé hinh HDS-LCO, Phén xudng LCO Hydrotreater, Nha mdy Loc ddu Dung Quat.

1. Gi6i thiéu

Hydrodesulfurization (HDS) la qua trinh hda hoc cé
st dung xuc tac dé loai bod cac tap chat, chl yéu la céc
hgp chét chia luu huynh trong xang, kerosen, diesel, dau
FO va nguyén liéu cho cac qua trinh refoming xuc tac.
Muc dich cta viéc loai bé cac hgp chat chia luu huynh
la tranh ngd déc xdc tac trong cac qua trinh ché bién hoda
hoc, giam thiéu an mon thiét bi, giam SO, phat thai do
qua trinh dét chay cla cac loai nhién liéu trong dong co,
16 dét [7].

Qua trinh HDS trong nha may loc dau la mét phan clia
quatrinh xrly lam sach nguyén liéu, sdn pham ctia nha may
loc dau bang hydro (hydrotreating). Trong d6, xay ra mot
loat cac phan ung khac nhau nhu: hydrodesulfurization
(HDS), hydrodenitrogenation (HDN), hydrodeoxygenation
(HDO), hydrodemetallization (HDM), hydrogenation (HDY
va HDA), phan ung hydrocracking, phdn ting ngung tu tao
c6c[2,7,10].

Phan xudng LCO-HDT ctia Nha mdy Loc dau Dung
Quat la phan xudng x{ ly nguyén liéu chi yéu la phan
doan LCO ti phan xuéng RFCC. San pham chinh la dong
LCO da dugc xt ly dé dem phdi trén thanh diesel thuong
pham va phan doan naphtha, khi ngot (sweet gas) [10].

Unisim Design la phan mém mé phong cac qua trinh
trong céng nghé héa hoc va cong nghé loc héa dau, co
co sa dit liéu phong phu, cdc mé hinh dong luc hoc va mé
hinh thiét bi phan Ging, cac cdng cu tinh toan tinh chat vat
ly, can bang 16ng hai, can bang vat chat va can bang nang
Iuong. Unisim Design phu hgp cho viéc nghién ciu, thiét

ké va t6i uu hoa cac qua trinh cong nghé [1]. Trong nghién
cliu nay, nhém tac gia sir dung phan mém Unisim Design
dé mo phéng qua trinh xt ly luu huynh nguyén liéu LCO
ctia Nha may Loc dau Dung Quiat.
2, Phuong phap

Cac dac trung clia nguyén liéu va théng s6 van hanh
cG ban thé hién tai Bang 1 va 2.

Bding 1. Dic trung tinh chdt cda nguyén liéu va thong sé' van hanh co ban

Tinh chat nguyén liéu Gia tri
S, % 0,0838
Ty trong (kg/m?3) 874,6
IBP, °C 184,0
5% vol, °C 196,8
10% vol, °C 203,2
30% vol, °C 228,6
50% vol, °C 258,7
70% vol, °C 290,0
90% vol, °C 326,6
95% vol, °C 338,6
FBP, °C 3471

Bding 2. (dc thong s6 vin hanh co bdn

Théng sé van hanh Gia tri
LCO (kg/h) 106.894
Makeup H, (kg/h) 1.477
Nhiét d6 dong vao thiét bj phan ting (°C) 300
Nhiét do dong ra khéi thiét bi phan ting (°C) 332,7
Ap suét dong vao thiét bi phan g (kPa) 5.493
Ap suit dong ra khadi thiét bi phan tng (kPa) 5.301
LHSV (m3/m3) 1,43
Recycle H, trugc thiét bi phan tng (m3/h) 26.630
Recycle H, vao gilia cac |6p xutc tac (m*/h) 21.364
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Bding 3. Théng sd dong hoc cla cdc cdu tir chita luu huynh

T Hop chat A

1 Thiophenol 6.93E+02
2 ThiaCC7 6.58E+02
3 1 heptanethiol 5.78E+02
4 B-sulfide 5.22E+02
5 P-disulfide 5.08E+02
6 BZIMmercaptan 6.15E+02
7 1 Octanethiol 5.22E+02
8 1-C9-thiol 4.77E+02
9 Thionaphthene 5.69E+02
10 BT 6.54E+10
11 5- MeBT 4.25E+09
12 6-MeBT 4.25E+09
13 4-MeBT 8.69E+06
14 7-MeBT 2.03E4+09
15 3-MeBT 8.687E+06
16 27-DiMeBT 2.717E+15
17 24-DiMeBT 4.412E+14
18 56-DiMeBT 7.423E+09
19 45-DiMeBT 9.943E+09
20 36-DiMeBT 3.717E+12
21 2-EtBT 2.173E+07
22 7-EtBT 2.394E+10
23 35-DiMeBT 3.717E+12
24 23-DiMeBT 5511E+14
25 34-DiMeBT 6.025E+06
26 7-PrBT 8.112E+14
27 257-TriMeBT 5.102E+14
28 357-TriMeBT 1.212E+10
29 267-TriMeBT 4.371E+11
30 356-TriMeBT 1.528E+11
31 237-TriMeBT 4.371E+11
32 235-TriMeBT 1.861E+12
33 236-TriMeBT 1.861E+12
34 234-TriMeBT 9.660E+17
35 2357-TeMeBT 2.026E+11
36 2367-TeMeBT 5.629E+12
37 2567-TeMeBT 5.297E+10
38 DBT 3.974E+03
39 1-MeDBT 1.717E+03
40 2-MeDBT 7.579E+05
41 3-MeDBT 7.579E+05
42 4-MeDBT 1.181E+04
43 24-DiMeDBT 3.371E+02
44 13-DiMeDBT 5.421E+06

Qua trinh HDS dugc thuc hién trong 3 thiét bi PFR1,
PFR2, PFR3 dé mé phong 3 tang xuc tac ¢ dinh cla thiét
bi phan tng HDS thuc té€ ctia Phan xudng LCO-HDT ctia Nha
may Loc dau Dung Quét. Trong d6, st dung 44 cau ti chia
luu huynh dai dién cho cac hop chat chida luu huynh trong
nguyén liéu LCO. Cac cau ti chda luu huynh da sir dung va
cacthéng s6 dong hoc [3 -9, 11] dudgc thé hién trong Bang 3.

M6 hinh HDS-PFR c6 luu trinh PFD dugc thé hién
trong Hinh 1.
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E Ghi chu
564,97
1385,10 Cyclohexanethiol
2004,74 1-heptanethiol
2915,99 Butyl sulfide
4665,59 Propyl disulfide
5285,23 Benzyl mercaptan
6014,23 1-Octanethiol
9641,00 1-Nonanethiol
9823,25
121.100 Benzothiophene
107.900 5-Methyl benzothiophene
107.900 6-Methyl benzothiophene
85.900 4-Methyl benzothiophene
113.300 7-Methyl benzothiophene
85.900 3-Methyl benzothiophene
187.000 2,7-dimethyl benzothiophene
172.400 2,4-dimethyl benzothiophene
112.200 5,6-dimethyl benzothiophene
115.900 4,5-dimethyl benzothiophene
142.100 3,6-dimethyl benzothiophene
88.200 2-ethyl benzothiophene
125.300 7-ethyl benzothiophene
142.100 3,5-dimethyl benzothiophene
179.100 2,3-dimethyl benzothiophene
87.170 3,4-dimethyl benzothiophene
171.100 7-propyl benzothiophene
178.400 2,5,7-trimethyl benzothiophene
123.500 3,5,7-trimethyl benzothiophene
147.500 2,6,7-trimethyl benzothiophene
130.100 3,5,6-trimethyl benzothiophene
147.500 2,3,7-trimethyl benzothiophene
150.200 2,3,5-trimethyl benzothiophene
150.200 2,3,6-trimethyl benzothiophene
210.000 2,3,4-trimethyl benzothiophene
142.600 2,3,5,7-tetramethyl benzothiophene
159.700 2,3,6,7-tetramethyl benzothiophene
134.400 2,5,6,7-tetramethyl benzothiophene
64.700 Dibenzothiophene
57.800 1-methyldibenzothiophene
91.400 2-methyldibenzothiophene
91.400 3-methyldibenzothiophene
76.850 4-methyldibenzothiophene
59.400 2,4-dimethyldibenzothiophene
96.300 1,3-dimethyldibenzothiophene

3. Két qua va thao luan

Ké qua md phéong cha md hinh HDS-PFR, da
nhan dugc ham lugng luu huynh trong LCO s&n phdm
(S-LCO product (ppm)), so sanh vd&i cac két qua thu
dugc véi cung diéu kién dong nguyén liéu va cac thong
s6 van hanh tir g6i mé phong HDS-ASPEN va két qua
van hanh thuc té€ cla Phan xudng LCO-HDT cta Nha
may Loc dau Dung Quat, dugc thé hién trong Bang 4.
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Lig2

SPROSHT-1 SPROSHT-2

n

Hinh 1. PFD mé hinh HDS-PFR

Bdng 4. So sdnh két qud tinh ham lugng luu huynh thg nhdn duoc tirmé hinh HDS-PFR, géi mé phdng
HDS-ASPEN va két qud vin hanh thuc té

Cac mo hinh S-LCO product (ppm)
Mé hinh HDS-PFR 68,92
Go6i md phong HDS-ASPEN 66,92
Van hanh thuc té 65,00

Bding 5. Bang so sdnh dnh hudng ctia S-LC0 product theo LHSV
S-LCO product (ppm)

T (I:"I;I/;\Q) Mo hinh G6i mé phéng HDS-

HDS-PFR ASPEN
1 1,11 33,9 34,55
2 1,25 48,24 47,83
3 1,43 68,92 66,93
4 1,75 93,43 100
5 2,22 130,8 149,2

® S-LCO product (ppm) M hinh HDS-PFR
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Hinh 2. So sdnh dnh hudng ctia S-LCO product theo LHSV
Bding 6. Bdng so sdnh dnh hudng ctia S-LC0 product theo nhiét d¢

S-LCO product (ppm)

TT  Nhiétdd (°C) M& hinh G6i mé phong HDS-
HDS-PFR ASPEN

1 280 135,2 140,5

2 290 98,62 99,41

3 300 68,92 66,92

4 310 41,04 42,42

5 320 24,94 26,68

6 330 16,88 14,49

3.1. Nghién ctru édnh huéng cila cdc théng s6
cong nghé

3.1.1. Anh huéng cta téc do thé tich nap liéu
(LHSV)

Két qua tinh ham lugng luu huynh téng
thu dugc tu moé hinh HDS-PFR va go6i mo
phdng HDS-ASPEN dugc thé hién trong Bang
5, v6i cing thanh phan nguyén liéu dong vao.

Tu s6 liéu Bang 5 1ap dugc biéu dé so sanh
S-LCO product theo LHSV cla mé hinh HDS-
PFR va g6i mé phéng HDS-ASPEN.

TU biéu d6 Hinh 2, nhan thay t6c dé nap
liéu c6 anh hudng dén S-LCO product. LHSV
cang cao thi S-LCO product cang cao, do thdai
gian luu cla chat phan ng trén bé mat xdc
tac gidm di. Tang nhiét d6 cda 16 phan Ung sé
bu lai dugc anh hudng nay.

Nguyén liéu cang nang, nguyén liéu chla
nhiéu cac hop chat di nguyén t6 phai thuc
hién qua trinh HDS & t6c dé nap liéu cang
nhd. D& san pham cé dé sach cao thi phai diéu
chinh t6c d6 nap liéu phu hop [7].

Gia tri LHSV trong Bang 6 da lap tuong
duaong véi Phan xuéng LCO-HDT ctia Nha may
Loc dau Dung Qudt van hanh & 50 - 100%
céng suat thiét ké ban dau. Tuy theo ham
lugng luu huynh téng trong dong nguyén liéu
c6 thé chon cong sudt van hanh & cac LHSV
cho phu hgp.

Phan xuéng LCO-HDT cda Nha mdy Loc
dau Dung Quét dugc thiét ké véi cong suat
165.000kg/h vGi ham lugng luu huynh téng
trong LCO nguyén liéu la 400ppm. Thuc té,
do dong nguyén liéu LCO tu RFCC va HGO
tr CDU thap nén phan xudng LCO-HDT chi
van hanh véi 60% cong suat thiét ké, tuong
duong v&i LHSV = 1,43 (m3*/m?3). Tuy nhién,
néu dong nguyén liéu LCO dam bao du cho
phan xuéng LCO-HDT van hanh & 100% céng
suat thiét ké, tuong duong vai LHSV = 2,22
(m3/m3) thi viéc lua chon cong suét van hanh
cla phan xudng LCO-HDT cling can quan tam
dén ham lugng luu huynh téng trong nguyén
lieu LCO dé c6 chat lugng sdn phdm dam bao
cac chi tiéu yéu cau.
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Biéu d6 Hinh 2 cho thdy ham lugng Iuu huynh
téng trong dong san phdm S-LCO product thu dugc
tU mo6 hinh HDS-PFR va g6i mé phang HDS-ASPEN
c6 gia tri kha gan nhau & cing mot gia tri LHSV.

3.1.2. Anh huéng cta nhiét do

Xét anh hudng cla nhiét do dong nguyén liéu
vao thiét bi phan tng dén S-LCO product véi cung
dong nguyén liéu dau. Tur két qua thu dugc (Bang
6), 1ap biéu d6 so sanh S-LCO product theo nhiét dé
cla mé hinh HDS-PFR va géi mé phong HDS-ASPEN
(Hinh 3).

Hinh 3 cho thay khi nhiét d6 dong vao cua thiét
bi phan Ung tang thi ham lugng luu huynh téng
trong san pham sé gidm. Do cac phan ting clia HDS
gém cac phan ung tdéa nhiét manh, nang lugng
hoat héa I6n, nén & nhiét d6 cao cac phan ung
sé xdy ra nhanh hon. Nhung do cac phan tng tdéa
nhiét manh nén nhiét do trong thiét bi phan Ung
tang rat nhanh. Cuing véi su tang nhiét d6 dan dén
tang phan ung phu nhu phan tng hydrocracking
va phan ting ngung tu dan dén sy bam céc trén bé
mat xuc tac, lam giam hoat tinh xtc tac va lam giam
chat lugng san pham, hiéu qua kinh té khéng cao.

Khi nhiét d6 di ra ti thiét bi phan Gng dat tu
410 - 420°C, cac phan Ung phu xay ra rat manh, do
dé phai lay nhiét dé gidm nhiét dé sau méi tang xuc
tac hodc gidam nhiét d6 cudi qua trinh. Ngoai ra, khi
nhiét d6 cao con lam xuc tdc nhanh mat hoat tinh,
gidm tudi tho st dung. Vi vay, cac thiét bi phan tng
thudng dugc chia thanh nhiéu tang xuc tac dé dé
diéu chinh nhiét do [7].

Hinh 3 cling cho thay S-LCO product thu dugc
tU md hinh HDS-PFR va géi moé phong HDS-ASPEN
c6 gia tri kha gan nhau & cing moét gia tri nhiét doé.

3.1.3. Anh huéng cta dp sudt

Xét anh huéng cua ap suat dong nguyén liéu
vao thiét bi phan ting dén ham lugng luu huynh
téng trong san pham S-LCO product. Két qua thu
dugc tu mo hinh HDS-PFR va g6i mé phéng HDS-
ASPEN nhu Bang 7.

Tu s6 liéu Bang 7 lap dugc biéu d6 so sanh
S-LCO product theo &p sudt ctia mé hinh HDS-PFR
va géi mé phong HDS-ASPEN.

Ap suat anh hudng rat I6n dén cac phan tng
trong qua trinh HDS. Hinh 4 cho thay khi tang 4p
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B S-LCO product (ppm) M6 hinh HDS-PFR
¥ S-LCO product (ppm) Géi mo6 phdng HDS-ASPEN
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Hinh 3. So sdnh danh hudng ctia S-LCO product theo nhiét do

Bding 7. Bng so sdnh dnh hudng ctia S-LCO product theo dp sudt

S-LCO product (ppm)

TT Ap suat (kPa) M6 hinh G6i mé phéng
HDS-PFR HDS-ASPEN
1 4.000 190,50 175,00
2 4.500 153,50 128,50
3 5.000 110,80 93,38
4 5.493 68,92 66,93
5 6.000 41,07 47,23
6 6.500 35,67 32,73
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Hinh 4. So sdnh dnh hudng cia S-LC0 product theo dp sudt
Bding 8. Bdng so sdnh ctia S-LCO product theo ngdy van hanh thuc té
s A S-LCO product (ppm)
Ngha;’n‘;‘?“ S 'for:‘e)ed Thuc té van Mb hinh
PP hanh HDS-PFR
5/11/2014 838 65,00 68,92
1/11/2014 960 80,75 86,21
31/10/2014 990 84,00 91,36
26/10/2014 924 77,25 82,03
24/10/2014 874 74,50 73,21
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Hinh 5. So sdnh két qud S-LCO product theo md hinh HDS-PFR va ngdy vdn hanh thutc té

sudt thi ham lugng luu huynh trong sdn phdm cang giam, va sé lam
phan (ng dich chuyén theo chiéu c6 lgi, gidm cac phan (ng phu. Tuy
nhién, do su bdo hoa clia cac phan tl trén bé mat xdc tac cé gidi han,
ap suat cing chi nén & moét muc nhat dinh dé lam gidm chi phi van
hanh [7].

Hinh 4 cho thay S-LCO product thu dugc ti mé hinh HDS-PFR va
g6i m6 phong HDS-ASPEN cé gia tri kha gan nhau & cing mot gia tri
ap suat.

3.2. So sdnh két qua ciia mé hinh HDS-PFR véi két qud vén hanh thuc
té cia Phén xuéng LCO-HDT 024, Nha mdy Loc ddu Dung Qudt

Nhom tac gia st dung cac diéu kién cta 5 ngay van hanh thuc té
cla Phan xudng LCO-HDT 024 ctia Nha may Loc dau Dung Quat cho mé
hinh HDS-PFR, so sanh cac két qua S-LCO product thu dugc tir mé hinh
HDS-PFR vdi két qua van hanh thuc té.

Tu s6 liéu Bang 8 1ap biéu dé so sanh S-LCO product ctia mé hinh
HDS-PFR theo két qua van hanh thuc té clia Phan xuéng LCO-HDT 024
ca Nha méy Loc dau Dung Quat (Hinh 5).

Két qua so sanh cho thdy két qua S-LCO product tir mé hinh HDS-PFR
kha gan véi Géi mé phong HDS-ASPEN va dac biét kha phu hop véi s6
liéu van hanh thuc t€ ctia Phan xuéng LCO-HDT ctia Nha mady Loc dau
Dung Quat. Két qua thuc hién trong mo6 hinh HDS-PFR dang tin cay va c6
thé st dung mé hinh nay dé nghién ctu, t6i uu héa cdng nghé HDS phan
doan LCO.

4.Kétluan

Nhom tac gia da st dung théng sé déng hoc clia 44 hgp chat chia
luu huynh trong nguyén liéu LCO dé thiét 1ap mé hinh HDS-PFR véi
nguyén liéu LCO, phan ting HDS dugc thuc hién trong thiét bi phan ting

PFR. Két qua S-LCO product ctia mé hinh PFR
phu hgp véi s6 liéu van hanh thuc té€ cla
Phan xudng LCO-HDT 024 cda Nha may Loc
dau Dung Quiat.

Nghién ctu dnh hudng cta nhiét do,
ap suat va téc do thé tich nap liéu (LHSV)
dén ham lugng luu huynh téng trong san
phdm bang mé hinh HDS-PFR da thiét
lap. Cac két qua thu dugc phu hgp vsi
két qua nghién ctu bang géi mé phong
HDS-ASPEN.
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Simulating the process of hydrodesulphfurisation (HDS)
of light cycle oil (LCO) in Dung Quat refinery

Le Huu Ninh, Nguyen Thi Minh Hien, Nguyen Danh Quang
Diep Ngoc Thanh, Nguyen Trong Thai
Ha Noi University of Sicence and Technology

Summary

This research was conducted to simulate the process of LCO hydrodesulphurisation in Dung Quat refinery using
UniSim Design. The simulation is based on the kinetics of 44 sulfur compounds and on conditions and parameters
(mass flow rates, temperature and pressure readings) obtained from LCO Hydrotreater 024 of Dung Quat refinery.
The HDS was carried out in the Plug Flow Reactor (PFR). The results obtained from the HDS-PFR model were compared
with the operating results of LCO Hydrotreater 024 in Dung Quat refinery and the results obtained from the HDS-
ASPEN model.

Key words: Simulation, HDS, LCO, HDS-LCO model, LCO Hydrotreater 024, Dung Quat refinery.
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