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Reactor model with crossflow for aromatics
catalytic hydrogenation

TAN Yanan' , LI Feng' , JIA Lishan' , YI Xiaodong” , WANG Yuemin' , FANG Weiping" , WAN Huilin’
(* Department of Chemical and Biochemical Engineering, School of Chemistry and Chemical Engineering,
Xiamen University , Xiamen 361005, Fujian, China; ?State Key L aboratory for Physical Chemistry of
Solid Surf aces, Xiamen 361005, Fujian, China)

Abstract: A novel reactor model named crossflow reactor for aromatics catalytic hydrogenation was
proposed The reactants were divided into two flows: ethylbenzene with thiophene was introduced to the
catalyst bed along the axial direction of the columnar reactor , while hydrogen was introduced into catalyst
bed through a vertical pipe with openings Because special areas with high H: pressure and low H:S
pressure were formed near these openings, the poisoning of catalyst by thiophene was substantially
decreased , and consequently the reaction of ethylbenzene hydrogenation was improved as compared with
the traditional reactor with mixed co-flow. Finaly, kinetic models were established for this crossflow
reactor and the traditional reactor. And the converson equations of these two reactors were given By using
these equations, the experiments data were fitted to obtain kinetics parameters The calculation results
agreed well with the experimental data It wasalso demonstrated that sulfur poisoningin crossflow reactor
was weakened.
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1
Table 1 Ethylbenzene conversion of experiment and calculation under different reaction conditions

Catalyst Ethyl benzene Mixing co-flow reactor Crossflow reactor
Temp. Pressure H2 flow
No. volume / / MPa Il o flow
[ ml m - mn /m - mn-?t Xexp 1 Xa,1 RD/ % Xexp 2 Xa 2 RD/ %
1 0 05 200 10 200 40 029 0283 232 037 0343 720
2 0 05 200 10 150 40 0.31 028 706 033 0354 720
3 0. 05 200 10 100 4.0 0. 27 0. 279 329 0 34 0 351 319
4 0 05 200 10 50 40 021 0218 368 028 0284 136
5 0 05 200 20 100 40 0.36 0345 403 044 0425 338
6 0. 05 200 15 100 40 0. 31 0. 317 211 0. 36 0. 393 9 22
7 0. 05 200 10 100 40 027 0279 329 034 0351 319
8 0. 05 200 05 100 40 023 0223 309 028 0286 224
9 0 05 200 10 100 80 012 0110 809 021 01197 629
10 0 05 200 10 100 60 016 0170 5 98 027 025 518
11 0. 05 200 10 100 20 0. 48 0. 503 4. 85 0. 55 0. 532 324
12 0 10 200 10 100 4.0 0.50 0497 062 059 0561 498
13 0 075 200 10 100 40 0.44 039 99 0.48 0467 267
14 0. 025 200 10 100 4.0 0 14 0. 144 2 93 021 0. 203 327
15 0. 05 150 10 100 40 003 0309 286 007 00717 139
16 0. 05 200 10 100 40 028 0279 004 032 0351 964
17 0. 05 250 10 100 40 0 41 0. 444 8 26 0 44 0. 457 3 96
18 0. 05 300 10 100 4 0 0. 27 0. 261 3 26 Q.27 0. 266 164 —
1 , c=0 B<O0 |, (3) Arrhenius
’ f ( pi , T I')
f(piTe) = f2(p)falls) (4)
2
m ’
21 y fi ( pi)
m
fi(p) = npin‘ (5
4 , A =T
T, Ho ( ) \
H “ ” , A ,
xa = 1- exp(- K) (D '
k T
f2 ([ r) = f’z( Hv) = I-f\v (6)
4 L
(2) o |
Tl ,
XA =1-exp|:- kf(p.,Tr)] (2)
pi y T K
(2 : XA k Ni° + HSS— NiS + H,
] k Tl Ps 1-To PH (7)
(1 - To) pu
Ks = (8)
. Tlo Ps
, k Arrhenius
, Arrhenius ,
T = (9)
k pH + Ksps

k= exp(A + B/ Tr + CTy) (3 ,
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Ps , _ps , Xa1 = 1- exp(- KTTL, 78524 8154 o 0.4406 -3 0712
, ki = exp(120. 8357 - 54 8974/ T, - 69. 7813 T;)
s = exp(- bVh) ps (10) T = pu/ (pn + Ksps)
(9) Ks = exp(4 7226 + 4. 8601/ T:) (18)
PH
To = (12) B )
pu + exp(- V) ps Ks a2 = 1- exp(- kzﬂézwz p('l_|9741 pAo 6165 HVO 9283)
, b=0 k: = exp(108 1118 - 49. 7024/ T, - 62 6085T:)
To2 = pu/ [ pn + exp(- 0 01505V H) Ksps]
Ks = exp(a+ b Tr) Ks = exp(4 7226 + 4 8601/ T:) (19)
1
PH
Tl =
T pu+expla+ b Tr- V) ps 3
Tt
: ; 0 31
’ RD [15]
xa = 1- exp(- k& plp2 H) | Xeq, - ez
RD = x 100 % 2!
Lk Ks (3) (12) Xeo 00 % (20
_J_ N
= PryH ARD = Z RD (21)
N I
= g 1 , RD 964%,
= Prys ARD 4 40 %; RD 9 92%,
22 ARD 4 44 %
32
Tlo
2
Table2 Activity factors of catalyst and rate congantsfor two reactor models
Mixing co-flow reactor Crossflow reactor
No. PH Pa ps X 10°
o1 k1 Tlo2 ko
1 0. 93868 0. 06132 0. 70083 0. 7677 0. 03799 0. 9853 0. 02282
2 0. 91981 0. 08013 0. 91572 0. 7125 0. 03799 0. 9595 0. 02282
3 0. 88444 0. 11556 1 32067 0. 6230 0. 03799 0. 8815 0. 02282
4 0. 79282 0. 20718 2 36772 0. 4524 0. 03799 0. 6368 0. 02282
5 1 76888 0. 23112 2 64134 0. 6230 0. 03799 0. 8815 0. 02282
6 1 32666 0. 17334 1 98100 0. 6230 0. 03799 0. 8815 0. 02282
7 0. 88444 0. 11556 1 32067 0. 6230 0. 03799 0. 8815 0. 02282
8 0. 44222 0. 05778 0. 66033 0. 6230 0. 03799 0. 8815 0. 02282
9 0. 79282 0. 20718 2 36772 0. 4524 0. 03799 0. 7822 0. 02282
10 0. 83613 0. 16387 1 87279 0. 5241 0. 03799 0 8322 0. 02282
11 0. 93868 0. 06132 0. 70082 0. 7677 0. 03799 0. 9370 0. 02282
12 0. 88444 0. 11556 1 32067 0. 6230 0. 03799 0. 8815 0. 02282
13 0. 88444 0. 11556 1 32067 0. 6230 0. 03799 0. 8815 0. 02282
14 0. 88444 0. 11556 1 32067 0. 6230 0. 03799 0. 8815 0. 02282
15 0. 88444 0. 11556 1 32067 0. 4517 0. 00647 0. 7878 0. 00437
16 0. 88444 0. 11556 1 32067 0. 6230 0. 03799 0. 8815 0. 02282
17 0. 88444 0. 11556 1 32067 0. 7436 0. 04967 0 9289 0. 03057
18 0. 88444 0. 11556 1 32067 0. 8219 0. 02143 0 9541 0. 01501
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