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Research of a 14-lumped Kinetic model for catalytic reforming

LIU Ziyuan, DU Feng, LI Hao, GUO Luyue

(College of Chemical Engineering in China University of Petroleum, Qingdao 266580, China)

Abstract: A catalytic reforming kinetic model containing 14 lumped components and twenty-five reactions was proposed,
which has a moderate number of lumps and higher prediction accuracy to meet the needs of the production of catalytic refor-
ming. On the basis of the experimental data from a micro reactor in the laboratory, the parameters of the catalytic reforming
kinetic model were determined. The model was used to predict the composition of the product and to simulate an actual cata-
Iytic reforming unit. The results show that the maximum absolute deviation is 2. 30% , in which most deviations are less than
2.0% . The product composition and the temperature distribution in an actual reactor are obtained based on the model, which
is in agreement with the catalytic reforming reaction mechanism. The established model has appropriate lumps and can be
conveniently used for the prediction of catalytic reforming unit.
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Table 1 Division of lumps of catalytic reforming

kinetics model
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Fig.1 Catalytic reforming network of 14-lumped

twenty-five reactions
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Table 2 Parameters of 14-lumped catalytic reforming reaction
-1 -1
i o R/G e B e 5 A
kPa™) mol ™) kPa™") mol ™)
1 P,—P, +P; 1.06x107 188 0. 433 14 Ay, —EB+P, 2.64x108 272 0. 500
2 P;—P, +P, 5.14x10? 164 0.433 || 15 Ag,—XY+P, 1.31x108 272 0. 500
3 P;—P, +P; 7.08x10° 280 0.433 || 16 Ay, —A,, Py 2.60x10% 272 0. 500
4 Py—P, +P; 2.91x10® 280 0.433 || 17 PNy 6. 67x10* 162 ~0.70
5 Py—P, +Pg 6. 44x10° 280 0.433 | 18 P, <N, 9.56x10° 140 ~0.70
6 Pg—P; +Ps 3.07x108 280 0.433 || 19 Py >Ny 3. 86x10* 140 ~0.70
7 Py—P, +Pg 7.30x10° 280 0.433 || 20 Py, <Ny, 2.23x10* 140 -0.70
8 Py—P,+P; 2.82x10' 280 0.433 || 21 N Ag 8.49x10° 152 0. 000
9 Py—P;+Pg 4.24x108 280 0.433 || 22 N; <A, 4.73%x10° 94 0. 000
10 Py—P, +P5 3.05x10° 280 0.433 || 23 Ng XY 1.06x10* 94 0. 000
11 A;—Ag+P 3.28x10° 167 0.500 || 24 Ny ~EB 4.55%10° 04 0. 000
12 XY—A, +P, 2.45%10° 273 0.500 || 25 No, < Aq, 1. 58x10% 94 0. 000
13 EB—A,; +P, 6.38x10" 273 0. 500
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Table 3 Experimental conditions of 14-lumped catalytic

reforming model testing

2% 4 R, P R TTN B B R A % O 22K
2.30% RZERT 2. 0% B LI KA 2 41, HE

R T A Em | WOSRBIE R eEh . BN B
e fE/C Ji/MPa RRIEE (Lenh) S R RN T RN R S5 T AR B o0 A
[tz 40 035 120 7.2 TR TR 37 1+ DU 2 T ) ) S S 4 T T
2 1.2 490 0.50 1200 7.2 E"] .
3 1.2 480 0.35 1200 7.2
F4 THERBEUEEDHZRBRWER
Table 4 Inspection results of 14-lumped catalytic reforming model %
il 24 H3dl
R
S R XIE i 2 SRR IE i 22 SUHE A fi 2

Ps_ 3.24 3.28 0.04 3.91 3.87 0.04 4.27 2.45 1. 82

Pg 12.3 12.3 0.0 12. 64 12. 19 0.45 13. 11 13.23 0.12

P, 5.94 5. 81 0.13 6. 19 6. 80 0.61 6.42 7.45 1.03

Pg 2.2 1. 56 0. 64 2.30 2.49 0.19 1.15 2.69 1. 54

Py, 4.61 5.68 1.07 5.44 7.74 2.30 4.53 6. 04 1.51

Ne 0.14 0.23 0.09 0.18 0. 184 0. 004 0.19 0.29 0.10

N, 0.04 0.029 0.011 0.04 0. 027 0.013 0. 00 0.03 0.03

Ng 0.07 0. 006 0. 064 0.08 0. 009 0.071 0.09 0.01 0.08

No., 0.01 1.42 1.41 0.03 1.41 1.38 0. 06 0.76 0.70

Ag 5.13 4.79 0.34 5.03 4.57 0.46 4.70 4.38 0.32

A, 18.29 17.92 0.37 18.28 16. 87 1.41 17.59 15. 54 2.05

EB 20. 39 19.43 0.96 19. 89 18. 64 1.35 20.29 18.36 1.93

XY 5.44 4.56 0. 88 5.07 4. 06 1.01 5.34 5.42 0. 08

Ay, 22.19 22.98 0.79 20.93 21.12 1.09 22.07 21.34 0.73
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Table 5 Main operating conditions of catalytic

reforming unit
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Fig.2 Reactant distribution in catalytic reforming reactor
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Fig.3 Temperature distribution in catalytic
reforming reactor
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Fig.4 Reactant distribution curve with different

reaction temperature
TE 460 ~ 560 °C , Bl T+ &, 37 K8 r= R A Wit
&, 5 540 C LUG I5 ISR B e T -1, C, Biks



- 182 - P E B R K FFR(AXAFIR)

2016 S 12 A

S 2URITE R 2 R R SRR, S
U i SO I BE R 5 5 KR 2 3 1 R AE LR
A—AWFRAE, IFH. €y 7 b 25 5 458 i 1 o 44
TR K AarF A, e — 45 e i
A IO R R e VR AR U N B T
Yyrb B 5 R N
4.4 EHFMW
AL R R D R AR 0T I i ROR
VRS R ATy A ARG M, 45 i T B R A 2
B R BT T AR 0. 01 MPa, J& J7 X% 0%
v oz S AT NES IS
801
70~
60 PGy
R 501 ———
i 40+
@ 30} - 2o
201
10+

0 20406 0810 L.z L.41.618 2.0
71 p/MPa
Bs5 FHREEAT

Fig.5 Reactant distribution curve with different

reaction pressure
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