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Abstract: By the principles of kinetics and conservation of energy, we solve the related differential equations and

develop a first principle model for the dehydrogenation of ethylbenzene to styrene in an adiabatic radial flow reactor.

This model can be used to predict the features of the dehydrogenation system. The constraints to the practical process

are formulated for simulating and online optimizing the dehydrogenation of ethylbenzene using a constraint multivariable

complex algorithm. Simulation results show that the obtained model can reveal the reactions in operation, and thus it is

applicable to the implementation of advanced control and optimization.
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2 (Process de-

scription and first principle modeling for re-

actor)
2.1 (Process description)

, 2

, 1 .

,

, ,

. , ,

,

. , I,

II ,

.

:

:

C6H5C2H5— C6H5C2H3 + H2 − ΔH1. (1)

:

C6H5C2H5— C6H6 + C2H4 − ΔH2, (2)

C6H5C2H5+H2— C6H5CH3+CH4−ΔH3, (3)

C + 2H2O — CO2 + 2H2,

CH4 + H2O — CO + 3H2,

C2H4 + 2H2O — 2CO + 4H2,

CO + H2O — CO2 + H2.

3

,

−ΔH1 = −120679 − 4.56T, (4)

−ΔH2 = −108750 − 7.95T, (5)

−ΔH3 = 53145 + 13.18T. (6)

T (K) .

KP = exp(19.67 − 15370/T − 0.5233 ln T ).

1

Fig. 1 The reaction system of dehydrogenation of

ethylbenzene

2.2
(Model of the conversion and selectivity

for dehydrogenation of ethylbenzene to styrene)

[6]:

rs =
k1(Peb − PsPH/KP)

Peb + kaPs

, (7)

rB =
k2Peb

Peb + kaPs

, (8)

rT =
k3PebPH

Peb + kaPs

, (9)

: ka = 4.36; rs, rB, rT

; Peb, Ps, PH, PT, PB

; [5]:

k1 = a exp(−E1/RT ),

k2 = b exp(−E2/RT ),

k3 = c exp(−E3/RT ).

: a, b, c E1, E2, E3

, GS–05 a = 1.59 ×
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106, b = 2.97 × 109, c = 9.89 × 107, E1 =
146300, E2 = 229200, E3 = 169100. 1 mol

ys, yB, yT,

(1)∼(3)

Peb =
1 − ys − yB − yT

1 + b + ys + yB

P, (10)

PH =
ys − yT

1 + b + ys + yB

P, (11)

Ps =
ys

1 + b + ys + yB

P. (12)

: P (MPa) , b

.

2 ,

, .

,
[16]:

dys

dr
=

2πrlρBrs

Feb

, (13)

dyT

dr
=

2πrlρBrT

Feb

, (14)

dyB

dr
=

2πrlρBrB

Feb

. (15)

: r(m) , dr

, l(m) , ρB(kg/m3)

, Feb(kmol/h) .

2

Fig. 2 Differential unit of radial reactor

dT

dr
=

2πrlρrB

(FH2O + Feb)Cm

[rs(−ΔH1) +

rB(−ΔH2) + rT(−ΔH3)], (16)

: FH2O(kmol/h) , Cm ,

[16].

,

, Ergun

,
[10,17]:

dP

dr
=−150

(1−ε)2μ
εD2g

u−1.75
(1−ε)ρg

εDg
u2, (17)

: ρg(kg/m3) , ε ,

D(mm) , g , μ(Pa·s)

, u(m/s) .

(4)∼(12) (13)∼(16),

Ergun (17), ,

I

II ,

.

,

Conversion(P, T1, T2, Feb, FH2O) =
Feb − Febs

Feb

,

(18)

Febs :

Febs = (1 − ys − yT − yB)Feb.

Selectivity(P, T1, T2, Feb, FH2O) =
Fsout

Feb − Febs

,

(19)

Fsout .

Ergun ,

.

3 (Optimization of ma-

nipulated variables)
, ,

,

, ,

:

max Conversion(P, T1, T2, Feb, FH2O), (20)

:

Pmin � P � Pmax,

T1 min � T1 � T1 max,

T2 min � T2 � T2 max,

Feb min � Feb � Feb max,

FH2O min � FH2O � FH2Omax.

, :
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Selectivity(P, T1, T2, Feb, FH2O) � Shope, (21)

Shope .

,

:

0.1698FH2O/Feb � bmax, (22)

bmax .

(18) (19),

(P, T1, T2, Feb, FH2O)
,

, (20)∼(22)

,

.

,

, .

,

,

, ,

.

n

, k = 2n ,

,

, ,

,

.

, ,

, (20)∼(22)

, [18].

,

,

.

4 (Simulation and optimization

example)
4.1 (Simulation of the reactor)

12

,

,

. a = 1.25×106, b =
2.72 × 109, c = 9.67 × 107, E1 = 144200, E2 =
297700, E3 = 156500. FH2O = 35.394 t/h,

Feb = 24.691 t/h, T1 = 629.9 , T2 = 632.4 , P =
66.6 kPa, ,

1 .

1 ,

,

.

,

,

,

.

1

Table 1 The effect of pressure on simulation results

/% 63.51 62.35 62.66

/% 97.79 97.77 97.15

/ 553.5 552.57 552.65

/ 578.7 584.65 585.14

/kPa 52.2 53.8 66.6

/kPa 39.2 41.0 66.6

3, 4 1, 2

,

, , .

3

Fig. 3 The pressure distribution of the first reactor

4

Fig. 4 The pressure distribution of the second reactor

4.2
(Optimization of the manipulated variables)

10

, 1.6 m, 2.4 m,



7 : 907

l1 = l2 = 7 m, ρg (kg/m3)

, ε = 0.25, D = 3 mm, ρB =
1400 kg/m3, μ = 0.3 (Pa·s).

, 3

:

1) FH2O =160∼200 kmol/h, P =
0.05∼1 MPa, bmax = 1.35, FH2O =1400∼
1600 kmol/h, T1 = 890 ∼ 910 K, T2 = 895 ∼ 920 K,

, :

Selectivity(P, T1, T2, Feb, FH2O) � 97.5%.

2) 180 kmol/h,

1) ;

3) P = 0.06 MPa, T1 = 905 K, T2 =
910 K, FH2O = 1555 kmol/h, Feb = 189 kmol/h.

1) 2) ,

, 2 .

2

Table 2 The different manipulated conditions

P/MPa T1/K T2/K FH2O/(kmol · h−1) Feb/(kmol · h−1)

1) 0.05 908.8 919.5 1400.13 176.23 1.349

2) 0.05 909.7 918.6 1428.62 180 1.348

3) 0.06 905 910 1555 189 1.397

2 , ,

,

.

2
[1],

.

3 ,

(CNY/t), 5100,

3200, 4700, 3400, 130,

3 .

3

Table 3 The production state under different manipulated conditions

/(kmol · h−1) /(kmol · h−1) /(kmol · h−1) /% /% /(CNY · h−1)

1) 116.04 2.58 0.39 67. 53 97. 50 16193

2) 117.79 2.63 0.39 67.12 97.5 16429

3) 117.46 2.48 0.44 63.7 97.57 15913

3 3 ,

, 2 .

2 , ,

.

5 (Conclusions)
, Ergun

, ,

,

. ,

, , 3

,

.
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