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Abstract: To monitor and optimize the operation and to predict the concentration profiles of the
components in commercial units for toluene disproportionation and transalkylation with C,-aromatics, a
kinetics-based mathematical model was developed and solved by the widely used Runge-Kutta
algorithm. Based on several sets of operation data obtained from a commercial unit at steady state, the
reaction kinetic parameters involved were estimated by the Broyden-Fletcher-Goldfarb-Shanno (BFGS)
method. The kinetic model was also validated by the data from the commercial-scale unit operated with
different feedstock compositions and operation variables. The results showed good agreement between the
model predictions and plant observations, signifying that the proposed model could be applied to both

offline simulation and online soft sensors.
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Table 1 Operating conditions of commercial

unit for parameters estimation

Reacti Reacti
N . cac 1Ctm caction Mole ratio WHSV Feed

o. emperature  pressure . _ -~
fH/HC /h™!  /teh!

/C /MPa © !

20050402 347.19 3. 12 7.62 1.11 90. 05
20040405 349. 11 3.12 7.47 1.12 91. 04
20050416 350. 39 3.13 7.19 1. 20 96. 95
20050422 351.03 3.13 7.03 1. 23 99. 75
20050430 352.07 3.13 7.66 1. 18 96. 04

x2 ATSHEMATHYUBMASIRESH
Table 2 Mass fraction of components in feedstock

for parameters estimation/ %

Component _ _ _
. 20050402 20040405 20050416 20050422 20050430
in feedstock

benzene 0 0 0.03 0.01 0
toluene 59.13 58.26 59.64 58.82 60.12
propylbenzene 1. 95 2.22 1. 97 1.92 1. 84
methylethylbenzene 12. 89 13. 44 12.58 13.08 12. 87
trimethybenzene 22.06 22.20 22.48 22.84 22.01
ethylbenzene 0.03 0.01 0.01 0.01 0.01
p-xylene 0. 06 0.01 0.01 0.01 0.01
m-xylene 0.14 0.02 0.01 0. 02 0.02
o-xylene 0. 87 0.32 0.21 0. 26 0. 25
Cio-aromatics 2.50 3.11 2.54 2. 68 2.50
non-aromatics 0. 35 0.41 0.51 0. 36 0. 36
in total 100 100 100 100 100
x3 HAFEBRSH
Table 3 Parameters of kinetic models
Reaction koi/h ! E;/k] » mol!

1 6. 175X 101 102

2 7.163X10" 150

3 4.721 X101 96. 77

4 4.736 X101 150

5 4.697 X101 101. 8

6 2.995X10% 95. 8
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Table 4 Operation data of commercial
™ ol
o® unit for model validation
50 el
¥ 18 Reaction Reaction Mole WHSV  Feed
/f /' No. temperature pressure  ratio of et g e
2 gt | - /C /MPa  H/HC ' /
< ."‘A.A_>'A'A =
E40 / '”}.ﬁ&u a £ 20050122 341.38 300  7.90 1.04  84.45
g o A = 3 _
E / /.;,A 6 s 20050701 353. 80 3.13 8.05 1. 15 93.42
=
g /’ ,;,A 8 20051001 358. 03 3.00 7.10 1.29  104.28
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= 5
g 20 E feedstock for model validation/ %%
2 O, A 51
] 0., _A.A-A-A
51 O-0, :;&m**_@ § Components in feedstock 20050122 20050701 20051001
10 **$ o.O'O'O'O-O 12 benzene 0 0 0.01
toluene 65. 81 59.76 58. 04
)A/A '.'l.._-_- propylbenzene 1.57 1. 89 1. 90
0000 _0_0_0:025:5:5=....g=g:g methylethylbenzene 11. 64 12.71 12.71
0 Q-0 L L ! L 0 trimethybenzene 19. 02 22.10 23.21
0 02 0.4 0.6 0.8 1.0 ethylbenzene 0 0.01 0.02
dimensionless length of reactor p-xylene 0.01 0.01 0.02
m-xylene 0.01 0.02 0.02
P 3 SR P 0 2 o o B Al 1) A o-xylene 0.28 0. 24 0.28
Fig. 3 Component concentration profiles Cio-aromatics 1. 64 3.20 3.76
. non-aromatics 0.01 0.03 0. 04
along reactor axis )
in total 100 100 100
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Table 6 Comparison of mass fraction between model predictions and plant observations/ %

20050122 20050701 20051001
Components
in reactant Model Plant Model Plant Model Plant
prediction observation prediction observation prediction observation

benzene 10. 14 10. 76 9.39 9. 36 8.93 7.72
toluene 42. 66 40. 15 38.53 38. 38 37.40 35. 96
propylbenzene 0. 35 0.02 0.27 0.02 0. 26 0.02
methylethylbenzene 5.58 4. 60 4.74 4.52 4.67 4.54
trimethybenzene 8.79 8.72 9.73 10. 72 10. 35 12.16
ethylbenzene 1. 69 2.35 2.25 2.12 2.37 2.06
p-xylene 6.53 6.76 7.06 7.20 7.14 7.68
m-xylene 14. 57 15. 50 15.75 16. 00 15. 94 17.12
o-xylene 6.21 6.56 6.72 6.75 6. 80 7.38
Cjp-aromatics 1.61 2.70 3.12 3. 00 3.67 3. 90
non-aromatics 1. 87 1. 90 2.45 1.92 2.48 1. 46
in total 100 100 100 100 100 100
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