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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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2.1 SRR (Process description)
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Ce¢H;CoH;— CeH5CoHy + Hy — AH;. (1)

Fill B 1

CeH5;CoH;— CgHg + CoHy — AH,, ()
CgH5CyH5+Hy— C¢H5CH3+CH, —AH3, (3)
C + 2H,0 —CO, + 2H,,

CH, + H,O—CO + 3H,,

C5H, + 2H,0—2CO + 4H,,

CO + H,O—CO; + H,.
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—AH; = —120679 — 4.567T, 4
—AH, = —108750 — 7.95T, (5)
—AH; = 53145 + 13.18T. 6)

HA T (K) A S Nk g 3= RN ) LA B N 1 46
VA R
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Fig. 1 The reaction system of dehydrogenation of

ethylbenzene

22 LFREBIE LR AR RaEFE Mz )
2E AR (Model of the conversion and selectivity
for dehydrogenation of ethylbenzene to styrene)
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_ k3PebPH

e Peb + kaPG ’ (9)
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ki = aexp(—E1/RT),

ks = bexp(—E»/RT),

ks = cexp(—Es/RT).
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Fig. 2 Differential unit of radial reactor
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example)
4.1 SNV A% B (Simulation of the reactor)
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Table 1 The effect of pressure on simulation results
N =Ny % e )N, \% i )N
L J‘fEEZJ T‘J?Eﬁ
A TR
A AR % 63.51 62.35 62.66
AL IE BN/ % 97.79 97.77 97.15
— xR C 553.5 552.57 552.65
TRHIEEESC 5787 584.65 585.14
—HEHE S /kPa 522 53.8 66.6
TRHEAES/KPa 39.2 41.0 66.6
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Fig. 3 The pressure distribution of the first reactor
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Fig. 4 The pressure distribution of the second reactor

42 i A R N A 8 AE & B & A4 Bt
(Optimization of the manipulated variables)

B0 K107 Wl % 0 A 7 2 L ) AT AR AL

wit, HAEAFIR)Z N A1.6 m, 4ME 424 m, fif



HTH

TR LIRMEAR I SRR L0 A IR (LB A A fle At 907

HRIHE Rl = 1, = 7T m, py (ke/m®) TR UE
W, e = 025, D = 3 mm, HBEE hpg =
1400 kg/m?, pu = 0.3 (Pa-s).

R E T ESHCR, £ R 3R A A AT
i Ee:

1) 458 L3R Fiy,o =160~ 200 kmol/h, P =
0.05 ~ 1 MPa, It K/K byayx = 1.35, Fi,0 = 1400 ~
1600 kmol/h, T} = 890 ~ 910 K, T, = 895 ~ 920 K,

[F) I 2% R AL IR B, WS N2
Selectivity (P, T1, Ty, Fuy, Fi,0) = 97.5%.

2) [# 5 2 K3 R180 kmol/h, HoAth 2y o 44k 55 4%

GRVZEIEE

3) HWHEEA/EP = 0.06 MPa, T} = 905K, T, =
910 K, Fy,0 = 1555 kmol/h, Fiy, = 189 kmol/h.
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Table 2

The different manipulated conditions

%1F  P/MPa Ti/K Ty/K Fg,o/(kmol-h™') F,/(kmol-h~!) /KL
1) 0.05 9088 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
20 LUK IR, hia sk RIS, WA A ORRR iR,

D0 2 AR RAR IR ) A KA IR I B R R4S, HL
AR RE DR AE R A IO L9 AV [ 9. AE S B P il
HOR 24 B S AL R A Z AR IR AE LA LA Y
S HE I R B VR 4 s A0, e T LARE A R e Y

B0 52 UL B3R & A T 1 AR PR, AR
P H AL T 0 4 (CNY /), 2K 2855100, 22
3200, F2K4700, 2K3400, 7875130, B0 AE PR
wR3PTR.
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Table 3 The production state under different manipulated conditions

KA LM/ (kmol -h™1) i /(kmol - h™Y)  FIZE/(kmol - h™1)  HfbEi%  EFEM/%  FIE/(CNY -hTh)
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
P3G HBMHRAE B W R G A RN, WLk S 3Tk (References):
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