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In  the petroleum refinery industry, catalytic reforming is a
heterogeneous chemical process that aims to convert heavy and
medium gasoline into high-quality gasoline. It can convert paraffinic
hydrocarbons into fine hydrocarbons as well. The knowledge of the
process is very important for calculating, designing and operating a
catalytic reforming system in the oil processing industry. This research
work establishes a homogeneous simulation model to describe a heavy -
duty catalytic reformer based on the use of two major reaction types,
the de-hydrocarbon reaction to paraffin and the paraffin hydrocracking
reaction. The work provides a set of differential equation of the
problem. An algorithm to solve the problem is introduced. The
calculation results by using MATLAB will be presented and discussed.
From these results the calculation of mass, the height of the catalyst

needed can be made.

Gigi thiéu chung

Reforming xutc tac la qué trinh chuyén hda phéan doan
naphta nang dugc chung cét truc ti€p tir dau thd hodc
tU moét s6 qué trinh ché bién thir cép co chi sé octan
thép (thudng tur 30 dén 50) thanh hgp phén ca s& cla
xang thuong phdm cé chi s§ octan cao (thuong Idn
hon 95). Pay 1a qua trinh chuyén hda cac n-paraffin va
naphten c6 mdt trong phan doan thanh cac
hydrocacbon thom cé chi s& octan cao [1, 2, 3]. Vdi
viéc déng gop rat quan trong clia qua trinh reforming,
tinh todn va mé hinh hda qua trinh da va dang nhan
dugc sy quan tdm cua réat nhiéu nha khoa hoc [5, 6, 7].
Trong qua trinh reforming xdc, cac phan Ung chinh
bao gdm: dehydro hoa céc hydrocacbon naphten;

111

dehydro vong hoé céc hydrocacbon paraffin; dong
phan hog; hydro cracking [7, 9]. Hién nay, c6 hai cong
nghé reforming: cong nghé ban téi sinh va cong nghé
tai sinh lién tuc. Cong nghé béan téi sinh la cong nghé
truyén théng trong dé I8p xuc téc la c6 dinh, hé théng
dong nguyén liéu dugc chuyén déng tu thiét bi phan
Ung nay sang thiét bi phan Ung khac. Ldp xUc tac dudc
téi sinh tai chd khi ngiing hé théng. Trong céng nghé
téi sinh lién tuc, 16p xic tac chuyén déng lién tuc trong
hé théng, toan bd hé théng dudc van hanh lién tuc,
I6p xUc tac dudc tai sinh riéng bén ngoai bdi hé théng
tai sinh riéng. Nh& dugc 18y ra ting phén va téi sinh
lién tuc ma hoat tinh xtc tadc &n dinh cao hon so vdi
trong trudng hap 1&p xic tac ¢ dinh (cong nghé ban
tai sinh). Do dé cong nghé téi sinh lién tuc hién nay
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dugc st dung phd bién hon. Trong nghién cliu nay cac
tinh toan dugc xac dinh vdi cong nghé tai sinh lién tuc
[10]. Nghién clu sé trinh bay thiét 1&dp md hinh tinh
toan: cac phén Ung, hé phuong trinh can bang chét,
can bang nhiét. TU dé xay dung thuét toan va dua ra
cac két qua tinh toén: kich thudc hinh hoc cla thiét bi,

Thiét bi phan dng Dau vaa
Naphtha
Tai sinh
xUc tac
"ot ot s “/
Xdc tac d3 Gia nhiét
téi sinh
XUc tac di
tai sinh

dé chuyén hod, nong do ra, khéi lugng xic tac céan
thiét. Bén canh db anh hudng cla cac théong sé dén dé
chuyén hoa nhu: anh hudng cla luu lugng nguyén liéu
vao, anh hudng cla nhiét dung riéng hén hop, anh
hudng cla téc dd phan Ung cling dugc trinh bay, thao
luan.

Khi giau H,
May nén khi
;'l Thu héi—| .. Ngung
'/ tu hai
Iuu

San pham nhe—

Hinh 1: SG d6 cong nghé PLATFORMING cla UOP [10]

Phuong phéap nghién clu va md hinh toan

Trong nghién clu nay, céac tinh todn sif dung cong
nghé PLATFORMING cua UQP (Hinh 1). Trong hé
théng thiét bi nay, xtc tac di tU trén xuéng qua hé
théng thiét bi phan Ung, sau do tap trung lai va duoc
nang I1én thiét bi téi sinh nho khi néng. Sau khi téi
sinh, chét xUc tac dugc dua trd lai thiét bi phan Ung
th& nhat. Hé théng thiét bi phan Ung gilp cho dong
hén hop nguyén liéu va khi giau hidro (khi tuan
hoan) dat dugc nhiét do phan Ung va bu trir nhiét
nang tU cac phan Ung hda hoc xay ra trong qua trinh
reforming. Nhiét dé gidm nhanh trong 16 th nhat do
su xudt hién cla cac phan Ung thu nhiét quan trong
(chu yéu la phédn Ung dehydro hda naphten), lugng
x(c téc tiéu thu cho giai doan nay chiém 10 + 15%.

Tai thiét bi phan Ung thd hai nhiét do gidm it hon,
lugng xUc tac tiéu thu chiém 20 + 30%. Tai thiét bj
phan Ung cudi cung, nhiét dé gan nhu én dinh do ¢
su bu tri nhiét giia cac phan Ung thu nhiét nhe [2,
10]. Trong khuén khé nghién clu nay, moé hinh toédn
va md phdng thiét bi phan tng di thé I&p tinh dudc
xdy dung cho thiét bj phan Ung thir nhét. Lép xic tac
trong céc thiét bi phan Ung nay la Idp xtc tac tinh.

2.1. Céac phuang trinh phan Ung

M6 hinh todn cac thiét bi phan Ung cé Idp xic tac
tinh cho dén nay van st dung mo hinh giad dong thé
bdi nhiing ly do: kich thudc tuong ducng cla hat xtc
tac rat nho so vdi kich thudc thiét bi; cac hat xic tac
thuong phan bé kha déu trong khéng gian chia xtc
tdc nén maoi truong lién tuc bao quanh cac phan ti
xUc tac thudng khd dong nhét [3, 8]. Trong cong
nghé flat reforming xUc tac, cac thiét bj phan Ung
chtia 18p xUc tac c6 dang hinh tru cho nén van dé
xdy dung phuong trinh can bang chat téng quat
dugc xdy dung trong hé toa dé tru. Hai phan Ung
chinh trong qué trinh reforming [2, 31:

Phan Ung dehydrocacbon thanh paraffin:

nCiHanio +— CiHong +4H +Q M

Phan Ung hydrocracking paraffin:

n Cn|_|2n+2 + H2 CmHmeZ + CqHZq+2 - Q2 (2)

Van téc phan Ung dehydro déng phan hda n-
paraffin:

(1-u)(a+1)
0 8(a+1)+4uga

—EAl] 3)

r; =k exp[ e

12

San pham
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Van téc phan Ung hydrocrackingn-paraffin:
(1-up)(a+1)
0 8(a+1)+4uga

r, = kaoexp [ 22| . p 0
Trong tinh toan nay kqg va koo la cac hang s6 (ki = e’
va kyg = e19’7); EA; va EA; la ndng lugng hoat hoé cua
phan Ung dehydro va hydrocracking (kJ/kmol); po la
ap sudt cia hé (MPa); ug la dé chuyén héa a =
kin/kao la ty & t6c db phan Ung; R 1a hang s6 khi
(8,314 ki/kmol K) va T la nhiét dé tuyét déi (K).

2.2. Cac théng sé dau vao clia mo hinh

Vi thong sé nang sudt gia dinh 1a 300 000 tan sén
phdm/nam, cé thé tinh toan dugc luu luong thé tich
(VO, m3/h), luu lugng khéi lugng (m,, kg/h). Gié tri cac
théng s6 nay va céc thong s6 dau vao cia md hinh
dugc trinh bay trén Bang 1 [3, 4].

2.3. Phuadng trinh can bang chat

V& bai toan moét chiéu, bd qua anh hudng cla
khuéch tén hudng kinh va doc truc, ta cd phudng
trinh can bang chét cda thiét bj [3]:

— (O0y0 Uk dug
VR - CPV fO (ry+ry)pp(1-¢) (5)
Trong d6: Vg 13 thé tich cla thiét bi phan tng (m°);
VO luu lugng thé tich (m*/h); C{,’ la nhiét dung riéng
Cla hydrocacbon & trang thai ly tudng (kJ/kg.K); pp, la
khéi luong riéng xic tac (kg/m°) va € 13 do x8p cua
I&p xUc tac.

2.4. Phuadng trinh cén bang nhiét

V@i hé phédn Ung vdi hai phan Ung chinh la déng
phan dehydro hod va hydrocracking hoa, phuacng
trinh can bang nhiét cla mdé hinh gid dong thé mé ta
qua trinh reforming xang nang doan nhiét [3]:

d(CpT) _ [(-AgH) 1y +(-AgH),rylpp(1-2)
dvg m,

(6)

Bdng 1: Céc théng sé dau vao cla md hinh

STT Théng s6 Ky hiéu Pon vi Giad tr
1 Luu luong thé tich Vo m’/h 2717
2 Luu lugng khaéi lugng m; kg/h 34722
3 Do x6p 16p xic tac € - 0,67

Khéi lugng riéng I8p xic tac Po kg/m’ 1040
5 No6ng d? nguyén liéu (NP) trong Cy kmol/m’ 0,095
hon hgp vao thiét bi
6 Nhiét dung riéng ctia hén hdp Cp kJ/kg.K 3,6
7 Khéi lugng riéng hén hap vao Pon kg/m’ 12,78
8 Nhiét dé ban dau To K 793
9 Ap sudt ban dau Po Mpa 5
10 Nang lugng hoat hoa cla phan EA kJ/mol 165
Ung dehydro
11 Nang lugng hoat hoé cla phan EA kJ/mol 165
Ung hydrocracking

12 Hiéu Ung nhiét clia phan Ung 1 ARH; kJ/mol -92

13 Hiéu Ung nhiét cla phéan Ung 2 ARH> kJ/mol 23
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K&t quavathdo luan

3.1. K&t qua tinh toan d6i vdi thiét bi phan Ung tha
nhat

Céc két qua tinh todn déi vdi thiét bi phan Ung thu
nhét dugc trinh bay tai Bang 2.

Bdng 2: Két qua tinh toan déi vdi thiét bi phan dng

thir nhéat

STT | Théng s6 | Ky hiéu | Daon vi Gié tri
Thé  tich 3

1 thiét bi Vi m 26,76
D6 chuyén

2 hos U - 0,29
Noéng  do
ra khoi 3

3 thiét bl thit CkOW kmol/m 0,06745
nhéat
Nong — dé

4 |vaothiétbi | Cwo | kmol/m® | 0,06745
th( hai
Khéi luong
xic tac can

> | cho thistoi | M kg | 918253
thir nhéat

3.2. Anh hudng cuia cac thdng s& cdng nghé dén do
chuyén hoé ug

3.2.1. Anh hudng cta luu lugng nguyén liéu vao thiét
bi V°

Dé danh gia anh hudng cla luu lugng nguyén liéu
vao thiét bi V° dén d6 chuyén hoa uy va chidu cao
thiét bi L, chuong trinh da dugc chay véi 10 gié tri
thay d6i cta V°. Cac két qua tinh toan dugc trinh bay
trén Bang 3. Khi tang luu lugng dong nguyén liéu
dau vao thi dé chuyén hoa dat dugc trong thiét bj s&
gidm, dong thdi kich thudc thiét bi cting gidm theo.
V& luu lugng thé tich ban dau VO = 2717 m*/h, gia
trj tinh toan dé chuyén hoa u, = 0,29. Va chiéu cao
thiét bi la L = 4,345 m.

Bdng 3: Anh hudng cua luu lugng nguyén liéu vao

thiét bj V°
STT VY (m’/h) Uy L (m)
1 1630 0,48 10,304
2 1902 0,42 8,338
3 2174 0,36 6,03
4 2 445 0,32 4,976
5 2 717 0,29 4,345

6 2 989 0,27 4,140
7 3 260 0,24 3,246
8 3532 0,23 3,351
9 3 804 0,21 2,84
10 4 076 0,20 2,797

3.2.2. Anh hudng cda nhiét dung riéng hén hop Cp

Céc két qud tinh todn anh hudng clda nhiét dung
rieng hén hop C, dén do chuyén hod uk va chiéu
cao thiét bi L dugc trinh bay trén Bang 4. Ta théy khi
Cp tang thi gia tri uy cling tang, diéu do c6 nghia la
hiéu qua cla qué trinh chuyén héa trong thiét bi
cling tang theo, dong thdi kich thudc thiét bi cling
tang. Tuy nhién trong khi uk tang gan nhu tuyén tinh,
L khong tang theo ham béac nhét.

Bang 4: Anh hudng ctia nhiét dung riéng hdn hap

STT C, (KJ/kgK) Uy L (m)
1 3.2 0,26 3,356
2 33 0,27 3,719
3 3,4 0,28 4,108
4 3,5 0,28 3,94
5 3,6 0,29 4,345
6 3,7 0,30 4,777
7 3,8 0,31 5,238
8 3,9 0,32 5,732
9 4,0 0,32 5,528
10 4,1 0,33 6,039

3.2.3. Anh hudng cua ty & t6c dé phdn (ng a

Trong khuén khé nghién clu vdi hai phan Uing, anh
hudng cla ty 1& t6c db phan Ung a (a =kio/kzp) dugc
trinh bay trén Bang 5. Ta thay khi a tang thi cd hé s6
chuyén hod uy va chiéu cao thiét bi L déu giam. Tuy
nhién sy thay déi cla hai gia tri nay la khong tuyén
tinh.

Bang 4: Anh hudng cua ty lé t6c dd phan Ung a

STT a Uk L (m)
1 0,6 a 0,38 8,62
2 0,7 a 0,35 6,99
3 08 a 0,33 6,07
4 09 a 0,31 5,09
5 a 0,29 4,345
6 11a 0,29 4,52
7 1,2 a 0,28 4,07
8 13 a 0,27 3,81
9 14 a 0,27 3,72
10 1,5 a 0,27 3,64
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K&t luén

Nghién cltu da trinh bay mé hinh toan cho thiét bj
phan Ung thd nhét cla day chuyén reforming xang
nang theo céng nghé PLATFORMING cta UOP, xac
lap cén bang chat, can bang nhiét, gidi mé hinh vdi
hé xic tac di thé véi hai phan Ung dehydrocacbon va
hydrocracking paraffin. Banh gia anh hudng ctia mét
s6 théng s6 cong nghé dén dé chuyén hoa va kich
thudc thiét bi. Cac két qua tinh toan cé thé dugc sur
dung va md réng cho bai todn md phong cac thiét
bi phdn Ung thd hai va thd ba. Hudng nghién clu
tiép theo cling c6 thé ma réng déi véi hé nhiéu hon
hai phan Ung.
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