9 9 (4): 337-351
Aug., 2017

2017 JOURNAL OF ENGINEERING STUDIES

25 B N 2R N Bl 77 2 S AR AR S ik

R k2 FRL, FHE’

4
8

z]
100190

100049)

(1.
2.

B B mEAHBRKR TR S Robm TR, TR AR ) S 5 BT AR
R FEANE B E R FIER L F LA EEHE LN LEL., KRLiEmeETE
NI AR LN ) FAERGFR R, T BREEHEA . £S5 EEHRA ., 4MFa 4L
AER B B BB ) AR G4 L AR LB AR AR B, 38 5 T30 h AR 69T R4S AR A e
SR N FHRAEREFE . R, LRGN BT AT FAER G I EEEER
R, A ARRGREMFTHATT RZ.

KEIE: S WmAEK; RESHAHF; 5T EK, TEEM
XHAFRIRAS: A X EHRE: 1674-4969(2017)04-0337-15

FESZES: TP319

L
jilll3

Yfs B E#A: 2017-05-08; &= HHA: 2017-05-25
EEWmAB: (21676270)
TEHE N 1986—

1977-

1966—

E-mail: wo.daifei@163.com
E-mail csli@ipe.ac.cn

E-mail: lizengxi@ucas.ac.cn



338 S ,9(4): 337-351 (2017)

2.1
[1-6]
Qader  Hill 23]
1
K,
Go —» Product
[7-10] [11-14]
(15-20] B 1 FLEmmEmE S HE RN K
10.34 MPa 400~500
0.5~3.0 h'! 500
21.1
kcal/mol
Aboul-Gheit [24]
2 EERNFHAFRE ,
NiMo
12 MPa 0.5~2.0 h"
400 425 450
[21]
17.51 kcal/mol 24.02 kcal/mol 18.67
kcal/mol Ancheyta (23]

MD
[22] K

K, .
VGO —— Gasoline
K,

Gas

2 RUERETRINE M B R W g



339

Botchwey [26]
>500
B 300~400
C <300
C
K

& 3

K

AT—"ls B

Botchwey

Sanchez

5
K,

Q

BLhME A M B A R W g

[28]

D

>538

A 400~500

VGO  343~538 204~343
<204
5
380~420
0.33~1.5" 5000 70kg/cm®
5%
380

VGO Gasoline

5 AN
2 S |
HGO N

___________ »* Kerosene

/
NS
\

\

\

>

[
&
=8

o8]
=
Q
O

\
o

4 BLUHMEEUNER R M%)

Residue &

VGO

K, K,\; o K K;
Distillates

B>
L€ F . Naphtha K
K

10
K,

> (Gases

5 ERMERLRERRRME?

Sadighi [29]
>380
260~380
150~260 90~150
40~90 <40
6
30



340 S ,9(4): 337-351 (2017)
Sadighi
5% 1.5
kDG
kDLN
KDHN KHNG

VGO ﬂ» Diesel ﬂ» Kerosene M» HNaph ———— LNa

l KHNLN Y KLNG l"
p ph —— Gas
A A

T A A 4
KFK KKLN G T
KFHN
KFLN
KEG

6 BT
Mosby [(30)
“easy,’ “hard,’
7
16
Sun (31]
Hard Residue (1) Soft Residue (2)
K, K,
Kl-’l K
: 24
K, Product Gas Oil (4)
Kis K, Ky,
Klo K_,,5 [(47 Kzo
pl K-’IO
Naphtha (6) Gases (7)
K,
K

Feed Gas Oil (3)

7 HREHAME LIt SR R P gt

SRATAM S RN E B R Mg

20

Resin and Asphaltene

Aromatic hydrocarbon Saturated hydrocarbon

Diesel Gasoline

8 HIBEEMMEtERNNERFEMED

Wang (321



341

Paraffin

p-Aromatics

m-Aromatics

4
CA BCA
PCA AB
Alkanes + Gas
| p-Aromatics| | Paraffin | |m-Aromatics|
ks k
k ¢ 7
k, k) ks kg ks ko ki
AB L
ki,
BCA PCA
k17
kg ks

9

Alkane + Gas

TUEHMME/\NE B & N M gEY

[33-39]

CA
ki

Chevron
Stangeland (401
50
Raychaudhuri (41
dE i—1
_t _kz"E""Zki'l’ij'E‘ 1
J
F, F, i J k;
k; ! Pi;
J
ki = ko [T, + A-(T7 =T))] 2
- ;
1000
TBP F
Jj 50°F TBP~100 °F
i
PU=P(Yi,J’)_P(Yi+1,j) 4

PO =[5+ B0 -1 (1-[G]) s

Mohanty

_ TBR-50 .
Y (TBP. -100)-50
1421 Stangeland



342 S ,9(4): 337-351 (2017)

C.(t)dt=C(6,t)d0 7
Pacheco t i
(3] TBP 0 0+do
o
_ TBP-TBP(I)
Balasubramanian [44] TBP(h) —TBP(])
TBP Chou!*!
k t C k
D(k) c 0
Zhou 431 Stangeland
25 C,(0,t)dt = C(k,t)- D(k)dk 9
k 0
K g 10
D(k):N::axk“‘l 11
Stangeland
L (5 _ pkydk =1 12
ﬁ.‘. o (k)dk =
Stangeland .
[46-47] % =—kC(k,1) + j [p(k,K)x K x C(K,t)x D(K)|dK
k
13
k
2.2 k
1996 Laxminarasimhan (48] ko kmax k
TBP
TBP
Verma (501
TBP

TBP



343

[61]

Kumar (51] TBP
VGO
[59-60]
Lababidi (521
5
Martinez-Grimaldo (53]
Maya API
Ancheyta J [54-53] Elizalde
[56] PONA
3 HFREHIAFRE
5 % Elizalde (571
[62]
Elizalde 58]

3.1

Jaffe  Quann (1ol

22



344 ,9(4): 337-351 (2017)

Liguras Quann [63-64]
a ,’ 3.2
20 90 Forment [66]
= 0 i
A6 6
A4 6 4
A6 N4 6
4

[A6] [A4] [N4]

[1 1 0] Glenn D. Svoboda (671
[0 -1 1]

[1 0 1]

Maetens 63]
8 Martens (681
10
Martens [69]
Pt/USY Cs~Ci2
Jaffe 0] Kumar
[14]
16
16
45

1266



345

10

1267

Guillaume [70-711

B 10 % IRIRGIZH NS K 5 /4510

4 MEIERBUARAR

Ancheyta [72]
H, H,S
uidpz +leaL pl _CiL :0 14
RT dz H,

15
qu N L N
u, =+ kag(Ct - C5)=0 16
dz
klag(CH—CP)=—pyr, 17
dT £
=2 Aty L 18

G I
UGPGCpEg TULPLCHEL

Anton Alvarez (73]



346 S , 9(4): 337-351 (2017)
_ (78]
Zhou (43]
Stangeland
Hasan Sildir
[74]
CFD
[75]

Ordouei 7]
ASPEN HYSYS
[801 ASPEN

1.5

58.7%
24.3%
[76] 345
420 15%
0.384 [81] PRO/
[77] ”}H
ANSYS i
il

=



347

5 HitSRE

PONA

[82]

&%t

(1]

(2]

(3]

(4]

(5]

(6]

Fusheng O, Yongqian W, Qiao L. A lumped kinetic model
for heavy oil catalytic cracking FDFCC process[J]. Petrol
Sci Technol, 2016, 34(2): 192-199.

Meier H F, Wiggers V R, Zonta G R, Scharf D R, Simion-
atto E L, Ender L A. kinetic model for thermal cracking of
waste cooking oil based on chemical lumps[J]. Fuel, 2015,
144: 50-59.

Xiong K, Lu C X, Wang Z F, Gao X H. Kinetic study of
catalytic cracking of heavy oil over an in-situ crystallized
FCC catalyst[J]. Fuel, 2015, 142: 65-72.

Manek E, Haydary J. Modelling of catalytic hydrocracking
and fractionation of refinery vacuum residue[J]. Chem Pap,
2014, 68(12).

Mohaddecy R S, Sadighi S. Modeling catalytic naphtha
reforming process using discrete lumping approach[J]. In-
dian J Chem Techn, 2014, 21(5-6): 309-320.

Zheng Y Y, Tang Q, Wang T F, Wang J F. Lumping strat-

egy in kinetic modeling of vacuum pyrolysis of plant oil



348

,9(4): 337-351 (2017)

(7]

(8]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

asphalt[J]. Energ Fuel, 2015, 29(3): 1729-1734.

Tian L D, Shen B X, Liu J C. Building and application of
delayed coking structure-oriented lumping model[J]. Ind
Eng Chem Res, 2012, 51(10): 3923-3931.

Tian L D, Shen B X, Liu J C. A Delayed coking model
built using the structure-oriented lumping method[J]. En-
erg Fuel, 2012, 26(3): 1715-1724.

Jaffe S B, Freund H, Olmstead W N. Extension of struc-
ture-oriented lumping to vacuum residua[J]. Ind Eng
Chem Res, 2005, 44(26): 9840-9852.

Quann R J, Jaffe S B.
ing-describing the chemistry of complex hydrocarbon
mixtures[J]. Ind Eng Chem Res, 1992, 31(11): 2483-2497.
Zhang T, Leyva C, Froment G F, Martinis J. Vacuum gas

Structure-oriented lump-

oil hydrocracking on NiMo/USY Zeolite catalysts. ex-
perimental study and kinetic modeling[J]. Ind Eng Chem
Res, 2015, 54(3): 858-868.

Froment G F. Fundamental kinetic modeling of catalytic
hydrocarbon conversion processes[J]. Rev Chem Eng,
2013, 29(6): 385-412.

Sotelo-Boyas R, Froment G F. Fundamental kinetic mod-
eling of catalytic reforming[J]. Ind Eng Chem Res, 2009,
48(3): 1107-1119.

Kumar H, Froment G F. A generalized mechanistic kinetic
model for the hydroisomerization and hydrocracking of
long-chain paraffins[J]. Ind Eng Chem Res, 2007, 46 (12):
4075-4090.

Verstraete J J, Schnongs P, Dulot H, Hudebine D. Mo-
lecular reconstruction of heavy petroleum residue frac-
tions[J]. Chem Eng Sci, 2010, 65(1): 304-312.

Hudebine D, Verstraete J J. Reconstruction of petroleum
feedstocks by entropy maximization. Application to FCC
gasolines[J]. Oil Gas Sci Technol, 2011, 66(3): 437-460.
de Oliveira L P, Verstracte J J, Kolb M. A Monte Carlo
modeling methodology for the simulation of hydrotreating
processes[J]. Chem Eng J, 2012, 207: 94-102.

de Oliveira L P, Verstraete J J, Kolb M. Molecule-based
kinetic modeling by Monte Carlo methods for heavy pe-
troleum conversion[J]. Sci China Chem, 2013, 56(11):
1608-1622.

de Oliveira L P, Verstraete J J, Kolb M. Development of a
general modelling methodology for vacuum residue hy-
droconversion[J]. Oil Gas Sci Technol, 2013, 68 (6):
1027-1038.

de Oliveira L P, Vazquez A T, Verstraete J J, Kolb M. Mo-

lecular reconstruction of petroleum fractions: Application

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

to vacuum residues from different origins[J]. Energ Fuel,
2013, 27(7): 3622-3641.
(1. ,
2007, 36(3): 206-213.
[J1.
,2013.
Qader S A, Hill G R. Hydrocracking of gas oil[J]. Ind Eng
Chem Process Des Dev, 1969, 8(1): 98-105.
Aboul-Gheit K. Hydrocracking of vacuum gas oil VGO
for fuels production. II  Reaction kinetics[J]. Erdoel
Erdgas Kohle, 1989: 319-320.
Ancheyta J, Sanchez S, Rodriguez M A. Kinetic modeling
of hydrocracking of heavy oil fractions: A review[J]. Catal
Today, 2005, 109(1-4): 76-92.
Botchwey C, Dalai A K, Adjaye J. Kinetics of bitu-
men-derived gas oil
NiMo/ALO; catalyst[J]. Can J Chem Eng, 2004, 82(3):
78-487.
Botchwey C, Dalai A K, Adjaye J. Product selectivity

upgrading using a commercial

during hydrotreating and mild hydrocracking of bitu-
men-derived gas oil[J]. 2003, 17(5):

1372-1381.

Energ Fuel,

Sanchez S, Rodriguez M A, Ancheyta J. Kinetic model for
moderate hydrocracking of heavy oils[J]. Ind Eng Chem
Res, 2005, 44(25): 9409-9413.
Sadighi S, Ahmad A, Mohaddecy S R. 6-lump kinetic
model for a commercial vacuum gas oil hydrocracker[J].
Int J Chem React Eng, 2010, 8.
Mosby J F, Buttke R D, Cox J A, Nikolaides C. Process
characterization of expanded-bed reactors in series[J].
Chem Eng Sci, 1986, 41(4): 989-995.
SunJM, Li D, Yao R Q, Sun Z H, Li X K, Li W H. Mod-
eling the hydrotreatment of full range medium temperature
coal tar by using a lumping kinetic approach[J]. React
Kinet Mech Cat, 2015, 114(2): 451-471.
[D].

,2015.
Sadighi S, Ahmad A, Rashidzadeh M. 4-Lump kinetic
model for vacuum gas oil hydrocracker involving hydro-
gen consumption[J]. Korean J Chem Eng, 2010, 27(4):
1099-1108.
Huang J, Lu X L, Zhang D X, Gao J S. A study on the hy-
drotreating of coal hydroliquefaction residue and its ki-
netics[J]. Energies, 2010, 3(9): 1576-1585.
Martinez J, Ancheyta J. Kinetic model for hydrocracking



349

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

of heavy oil in a CSTR involving short term catalyst
deactivation[J]. Fuel, 2012, 100: 193-199.

Aoyagi K, McCaffrey W C, Gray M R. Kinetics of hydro-
cracking and hydrotreating of coker and oilsands gas
oils[J]. Petrol Sci Technol, 2003, 21(5-6): 997-1015.
Kumar A, Sinha S. Steady state modeling and simulation
of hydrocracking reactor[J]. Petroleum & Coal, 2012,
54(1): 59-64.

Galarraga C E, Scott C, Loria H, Pereira-Almao P. Kinetic
models for upgrading athabasca bitumen using unsup-
ported NiWMo catalysts at low severity conditions[J]. Ind
Eng Chem Res, 2012, 51(1): 140-146.

Valavarasu G, Bhaskar M, Sairam B, Balaraman K S, Balu
K. A four lump kinetic model for the simulation of the
hydrocracking process[J]. Petrol Sci Technol, 2005,
23(11-12): 1323-1332.

Strangeland B E. A kinetic model for the prediction of hy-
drocracker yields[J]. Proc Des Dev, 1974, 13(1): 71-76.
Raychaudhuri U, Banerjee T S, Ghar R N. Ki-
netic-parameters of hydroprocessing reactions in a flow
reactor[J]. Fuel Sci Techn Int, 1994, 12(2): 315-333.
Mohanty S, Saraf D N, Kunzru D. Modeling of a hydro-
cracking reactor[J]. Fuel Process Technol, 1991, 29(1-2):
1-17.

Pacheco M A, Dassori C G. Hydrocracking: An improved
kinetic model and reactor modeling[J]. Chem Eng Com-
mun, 2002, 189 (12): 1684-1704.

Balasubramanian P, Pushpavanam S. Model discrimination
in hydrocracking of vacuum gas oil using discrete lumped
kinetics[J]. Fuel, 2008, 87(8-9): 1660-1672.

Zhou H, Lu J, Cao Z, Shi J, Pan M, Li W, Jiang Q. Mod-
eling and optimization of an industrial hydrocracking unit
to improve the yield of diesel or kerosene[J]. Fuel, 2011,
90(12): 3521-3530.

Krishna P C, Balasubramanian P. Analytical solution for
discrete lumped kinetic equations in hydrocracking of
heavier petroleum fractions[J]. Ind Eng Chem Res, 2009,
48 (14): 6608-6617.

Moghadassi A R, Amini N, Fadavi O, Bahmani M. The
application of the discrete lumped kinetic approach for the
modeling of a vacuum gas oil hydrocracker unit[J]. Petrol
Sci Technol, 2011, 29(23): 2416-2424.

Laxminarasimhan C S, Verma R P, Ramachandran P A.
Continuous lumping model for simulation of hydrocrack-
ing[J]. AIChE J, 1996, 42(9): 2645-2653.

Chou M Y, Ho T C. Lumping coupled nonlinear reactions
in continuous mixtures[J]. AIChE J, 1989, 35(4): 533-538.

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Narasimhan C S L, Sau M, Verma R P. An integrated ap-
proach for hydrocracker modeling[J]. Stud Surf Sci Catal,
1999, 127: 297-306.
Kumar, V.; Balasubramanian, P. Kinetic parameter estima-
tion in hydrocracking using hybrid particle swarm opti-
mization. Fuel. 2009;88(11): 2171-2180.
Lababidi H M S, AlHumaidan F S. Modeling the hydro-
cracking kinetics of atmospheric residue in hydrotreating
processes by the continuous lumping approach[J]. Energ
Fuel, 2011, 25(5): 1939-1949.
Martinez-Grimaldo H J, Chavarria-Hernandez J C, Rami-
rez J. Prediction of sulfur content, API gravity, and vis-
cosity using a continuous mixture kinetic model for Maya
crude oil hydrocracking in a slurry-phase reactor[J]. Energ
Fuel, 2011, 25(8): 3605-3614.
Elizalde I, Ancheyta J. On the detailed solution and appli-
cation of the continuous kinetic lumping modeling to
hydrocracking of heavy oils[J]. Fuel, 2011, 90(12):
3542-3550.
Elizalde I, Ancheyta J. Modeling the simultaneous hydro-
desulfurization and hydrocracking of heavy residue oil by
using the continuous kinetic lumping approach[J]. Energ
Fuel, 2012, 26 (4): 1999-2004.
Elizalde I, Rodriguez M A, Ancheyta J. Application of
continuous kinetic lumping modeling to moderate hydro-
cracking of heavy oil[J]. Appl Catal a-Gen, 2009, 365(2):
237-242.
Elizalde I, Rodriguez M A, Ancheyta J. Modeling the ef-
fect of pressure and temperature on the hydrocracking of
heavy crude oil by the continuous kinetic lumping ap-
proach[J]. Appl Catal a-Gen, 2010, 382(2): 205-212.
Elizalde I, Ancheyta J. Modeling catalyst deactivation
during hydrocracking of atmospheric residue by using the
continuous kinetic lumping model[J]. Fuel Process Tech-
nol, 2014, 123: 114-121.
Sadeghi M T, Behroozshad F. Continuous lumping model
of an industrial refinery isomax reactor[J]. Iran J Chem
Eng, 2010, 7(2): 39-50.
Bhutani N, Ray A K, Rangaiah G P. Modeling, simulation,
and multi-objective optimization of an industrial hydro-
cracking unit[J]. Ind Eng Chem Res, 2006, 45 (4):
1354-1372.

[J1. , 2012, 31 (11):
2436-2441.

s s s

1. ,2012, 31(12): 2678-2685.



350

,9(4): 337-351 (2017)

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

Quann R J, Jaff S B. Building useful models of complex
reaction systems in petroleum refining[J]. Chem Eng Sci,
1996, 51(10): 1615-1631.

Liguras D K, Allen D T. Structural models for catalytic
cracking .1. model-compound reactions[J]. Ind Eng Chem
Res, 1989, 28(6): 665-673.

Martens G G, Marin G B. Kinetics for hydrocracking
based on structural classes: Model development and ap-
plication[J]. AIChE J, 2001, 47(7): 1607-1622.

Baltanas M A, Vanraemdonck K K, Froment G F, Mohedas
S R. Fundamental kinetic modeling of hydroisomerization
and hydrocracking on Noble-Metal-loaded faujasites .1.
Rate Parameters for Hydroisomerization[J]. Ind Eng Chem
Res, 1989, 28(7): 899-910.

Svoboda G D, Vynckier E, Debrabandere B, Froment, G F.
Single-event rate parameters for paraffin hydrocracking
oil a Pt/Us-Y Zeolite[J]. Ind Eng Chem Res, 1995, 34 (11):
3793-3800.

Martens G, Froment G F. Kinetic modeling of paraffins
hydrocracking based upon elementary steps and the single
event concept[J]. Proceedings of the International Sympo-
sium, 1999, 122: 333-340.

Martens G G, Marin G B, Martens J A, Jacobs P A, Baroni
G V. A fundamental kinetic model for hydrocracking of
C-8 to C-12 alkanes on Pt/US-Y zeolites[J]. J Catal, 2000,
195(2): 253-267.

Mitsios M, Guillaume D, Galtier P, Schweich D. Sin-
gle-Event Microkinetic Model for long-chain paraffin hy-
drocracking and hydroisomerization on an amorphous
Pt/SiO; center dot Al,O; catalyst[J]. Ind Eng Chem Res,
2009, 48(7): 3284-3292.

Guillaume D, Valery E, Verstraete J J, Surla K, Galtier P,

Schweich D. Single event kinetic modelling without ex-

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

plicit generation of large networks: Application to hydro-
cracking of long paraffins[J]. Oil Gas Sci Technol, 2011,
66(3): 399-422.

Rodriguez M A, Ancheyta J. Modeling of hydrodesulfuri-
zation (HDS), hydrodenitrogenation (HDN), and the hy-
drogenation of aromatics (HDA) in a vacuum gas oil hy-
drotreater[J]. Energ Fuel, 2004, 18(3): 789-794.

Alvarez A, Ancheyta J. Modeling residue hydroprocessing
in a multi-fixed-bed reactor system[J]. Appl Catal a-Gen,
2008, 351(2): 148-158.

Sildir H, Arkun Y, Cakal B, Gokce D, Kuzu E. A dynamic
non-isothermal model for a hydrocracking reactor: Model
development by the method of continuous lumping and
application to an industrial unit[J]. J Process Contr, 2012,
22(10): 1956-1965.

[D]. )
2008.
[D].
, 2009,
CFD
1. , 2015, 45(5): 752-756.
[D]. ,2014.

Ordouei M H. Computer aided simulation and process de-
sign of a hydrogenation plant using Aspen Hysys 2006[J].
University of Waterloo, 2009.

- [J]-
, 2015, 49(5): 924-937.
(. , 2013, 31(4): 321-334.
(. ,2012, 31(11): 2435-2441.



351

Research Progress in Reaction Kinetics and Process
Simulation for Inferior Oil Hydrogenation

Dai Feil’z, Li Chunshan', Li Zengxi2

(1. Beijing Key Laboratory of lonic Liquids Clean Process, State Key Laboratory of Multiphase Complex System, Institute of
Process Engineering, Chinese Academy of Sciences, Beijing 100190, China; 2. College of Chemistry and Chemical Engineering,
Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Hydrogenation technology is an important chemical upgrading process for inferior oil. Studies on
reaction kinetic and process simulation have important theoretical and practical significance for deeply under-
standing of hydrogenation reaction mechanism and process development. This work systematically summarized
the research progress in hydrogenation reaction kinetic models at home and abroad, and the characteristics of dis-
creted lumping, continuous lumping, structural oriented lumping and single event kinetic models, and their scope
of use as well as pros and cons are compared. Analysis results indicate that the development of molecular kinetic
model would be the primary direction of future research. Meanwhile, research progress in hydrogenation process
simulation based on kinetic model is also systematically introduced, and prospect of future development is fore-
casted.

Keywords: inferior oil; hydrogenation technology; reaction kinetic; molecular level; process simula-
tion
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