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Abstract

This project takes the compulsory course of Chemical Process Thermal Risk and Assessment for
Chemical Safety Engineering as an example. The reactor module in the Aspen Plus chemical process
simulation software is introduced, and the synthesis process of ethyl acetate and cumene is used as
a teaching case. In two case studies, a continuous stirred tank reactor and a plug flow reactor were
used for design. In the design process, the Model Analysis Tool built-in Aspen Plus software was
used to obtain operating conditions that meet production requirements. The process route index
was introduced to evaluate the safety of the simulation results. From the teaching results, it can be
seen that in the course after integrating the process simulation software, displaying the complex
theoretical formulas in a visual model can fully stimulate students’ interest in learning and stimulate
their enthusiasm. It provides comprehensive learning from theoretical knowledge to engineering
design applications, and the concept of “teaching-competition-science” collaborative education can
be achieved by deepening students’ overall learning outcomes through competitions.
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WL T Z R S Pl e R T2 e TR WA — [ TEEMEE IR, FEWREZE TR
SR B BT R RS T TS S PR SE, AW A RN TR AT (L fER
A b B AR 2 RAE IO SRR B RIR S TREN AT S [1]. IR BT Lkl SIS DR E R B
W R R SR ml . PR A IR U PP 75 ZE S N Bl 2. JONE R 2 AR 73 A 45 5 SE B 448 Al
Thy SIAFEMETHS SR . I, SRR St M0 B A B UR 2 AR BB MR AT RO iR e a2k, &=
SEORE A T M CAIRAR 2 o BRI TG T 2R S P AR X TR 2R 2 ) Ml N T ik b
AR, AIHEAE SRR 5N T LA Aspen Plus FIEUMERUTE, KRG RIS AR FEUE 4 5
AT RO AR, WO AR M2 I 0%, 3 iR A X HZ R M B RIR 2 2 [2]-[5]. #E—20, i
PR VP A SRt R R SR 4 2E Aspen Plus (R, 78 BAERAE R AE I 8o ih 27 28 2 4 R s A A 22 4 st
THREE, FEAF R P TR ANH RSO T RE BT REFRRR AN 2 = B 7. smfb s R TR I RE 77, BE R4
W Z R R EEME . mRE IR T g L W RN . AU AR C AN 7 Y i R L
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ISz S DA 5 AR L I 9
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Figure 1. The reactor model in Aspen Plus
[& 1. Aspen Plus & g [ 23 +& 8Y

Aspen Plus /3 F ()30 7727 2880y T e BRI AR 2R B AR, I s AT A (2) .
r=kT"e ** T(C,)" 1)

. kinetic factor x driving force expression
adsorption expression

kinetic factor = kT"e ®/F"
driving force expression = K, [ [.C;" - KZHJ_CJ.VJ

O]

adsorption expression = (KiH,- CJ.VJ )m
A, R BLEZE, kNIRRT 7 TOMIREE, AL K ERIEEE: CRAMKE: Kiv KM K& P
BTG m ORI IERE RS n RIREREG v RIRERE.
£ Aspen Plus H I B8 HoaT DL e A T B A R BOREAT 2 3 WA K (3).

InK; :A+%+Ci InT+D,T 3)

A, Aiv Biv Cifil Dy & H P tH R BRI AR #om
3. BT EA
TEARFEHERT, T B A N T N ) 728 N 8 i R S 8 T E — 2
HURGE S, [T R SRR
3.1. ZEBRCEREFTE
LR (CoH402, AA) 5 2T (CoHeO, EtOH) 1] LUK A= g A [ 3 A il 2. TR 2. 1 (CaHgO2, EtAC) FT7K (H20,
W), JNiERETE 714 3 bar, W1 ARE ONAEEEIRE A 100°C FEE T, LML AR (4), N
FFEILAZ(E) [8] [9]-
C,H,0, (AA)+C,H,O(EtOH) - C,H,0, (EtAc)+H,0(W) (4)
(_rAA) = k(CAACEtOH _KLCEtAcCW] )

C

7
KRFh, k= 0.02479exp[—%j .
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8
Keune =1.019 10" exp [MJ

RT

Caa~ Ceton~ Ceac Ml Cw 72 LR LB IR L BR AR IR BE /R (kmolim?®); R /&SR % 4, 2y 8.314 J/(mol-K);
TR, AL K.
32. RAFEFTZ

573 % (Cabz, Cum) T BIJE R4 (Cats, BEN) 5 PMB(C3=) RRBAIA, WLAS(6). [ 54 43 72
S 5 0 S A B P 0 — T % (CraHis, PBID), WA R(T).  FIRPIAN R SIS A T3 RS, 3T
718 25 bar, FIE RN (342 #) 0.0763 m EARMIRMNAE), RS PIHRIELE N 360°C, fERRECN
0.065 KW/mZ/K, 417 ) [ 14 1 g 2000 kg/m?®,  FRJZFLERZ A 0.5 [10].

CgH, (BEN)+C,H, (C3=) - C,H,, (Cum) (6)

CyHy, (Cum) + C,H, (C3=) - C,,H,, (PBID)

Ri — 28X107 Xe—104l74/RT CC3:CBEN

Rz =2.32x10° x 37146742/RT CCumCC3=

X, Ry ARy & BRI BRI Rs Cope v Crey ~ Cooun 7B M~ AN TH 2 1) JBE JR K FE (kmol/m?®) .
3.3. ReMiEHR

U T T2 2Rt e, nliEH T 2R e E(Process Safety Index, PS)E N % & Febr,
VEGH 52 20(8) F1 A K (9) [11]-[15] .
Jo3 VAR x B B x g x AT R

()

PSI = 8
10 ®)
LFLmixture: n 1
Z Yi
S LFL,
UFLmixture: n 1
Z Yi
~ UFL, ©)
0.75x (T - 25)
LFL, = LFL, x|[1-———
AH,
0.75x (T —25)
UFL; =UFL, x|1+ ———
AH.

A, FREHME. B EERE AR AL B kIkg. kg/m3 Fl atm, Hdal i N TE BN, n KR TS
TR AP : LFLmixure A1 UF Liixture 2 V8 S VIR T IRAT_EFR, %/%: LFL 1 UFLi S22 73 i 1%
YERBRANEFR, 9%/%; LFLy A1 UFLy AR T AR IE FBRAN LR, 9%/%; LFLys Al UFLas fE7EIR
25°C T HEIE R ERANERR, 9%/%; AHc ik, keal/mol; #5273 HIMABE A ERKE R IR 42 1o
Table 1. The calorific value and standard combustion upper and lower limits of each component

= 1. FESRREFIFRERKE E TR

Hoy AHcl/(kcal/mol) LFL2s/(%/%) UFLa2s/(%/%)
LR . BRIETAC —492.261 2.0 115
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R
ZWE/EtOH -294.975 3.1 27.7
ZIERIAA -194.564 6.0 17.0
S ZEICoH12 —1182.53 0.9 6.5
ZEICsHs —749.021 1.2 8.0
P9/ CaHe —460.065 2.4 10.3
i kE/CaHs —487.988 2.1 9.5
X 5 2K IC12H1s —1616.99 0.9 6.5

%1 NB AP (AH) BT Aspen Plus BAFE /5], FRAERES b T B (LFLos Al UFLos) 2 i i
[ BRAb 5 5 22 4 R & i (http://icsc.brici.ac.cn/) .
4, FEHEEEIT
4.1. iEEIF >

SEAAEBEAT ION 2% Aspen Plus £/ BB AT, HoR2E4 %] Aspen Plus HI75 B SO/, 242 Inflks 44 e
FI1E 27 I LB 77 2 4m N EI Aspen Plus H. BbAL, BT EHEAT T — N TR I N2 AT AR I B 2% 1 1
PEJEEE . RS MRS 505
42. ZEEREFETIEHEENRZ£FE

LR WA O R I 27 SR L A 2 (4) 3 70285088 A F(5), B T XU 288 . iy Aspen
Plus User Interface 7 /4 {4:, 7E Reactor #-TH#%#% RCSTR 4R £ M 2L 2), f AN ERIEEE(100°C).
JE71(3bar)s M AAF(19 M) RMNAHZSGRAH) RIBN IS S, BT R BR R (A
35%LL F, HRPEAEEA T 20 m.

REACTOR

™,

PRODUCT —

-~ ——{FEED.

Figure 2. Synthesis of ethyl acetate in continuous stirred tank reactor of Aspen Plus
[& 2. Aspen Plus IR R N &R 2B 2 BE

SRR E & 4 m¥h, &AL 30°C, JEJ)5bar, [k RIS &Y AAEIOH:W = 1:2:1.35, £
BB SES B G 18T AL OB CBEAE = T2, Wl A1, SRR & Bk k) 13.6242 kmol/h Ff
K27 8.9147 kmol/h, B ZFRFEALZN 34.57%, ANiHi2 35% M EEsK . thir, W] RALk22 A [l ity T T
SRR B DAL URAR P 2 T S 2% 0 SR B R 3 AR, 45 A AT ST AL TR AR N TS, ST IR A
SRSE, B K B2 AR AR RN IR A IR B 38 K R 2 . O TIRIE R 2 %%, Jlid Aspen Plus (1
Sensitivity Analysis Tool R[16] [17], W& Ml G HE Jy 80°CH| 100°C, HK N 1°Cy NV AR
Bl 19 m3 3] 20 m3, HK N 0.2ms, Hras R 3 pion.
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Figure 3. The effect of reactor temperature and volume on acetic acid conversion rate

3. REEREEMERN ZBRE N RNFNE

MIE 3 AT LUE H, ROBGFELE 80°CE 92°C 2 i), BRI, ZERMIAALZIEETIG N, BHTE
PEIR VORI, TF ) 9 SO B SRR [ S NG, ek R T OB EAE 92°C £ 100°C 2 ],
BEE IR E MBI, R RIEHRN, ULRALE R BV P, I ) S S RN T e S B R, B
BN RN AAFIE 19 m® F 20 m® Z A, [ RN SAIR N, LRREAL R MEE 2 36K
AR 92°CHN 20 mE AR A IR BB I ERAE S 4, @ BT AL, LRRAE S i IR 2 B 8.9147 kmol/h [
fiK3 1 8.4803 kmol/h, JLEF Z R AL ZRIE FI] 37.76%, i /& 35% M TTEEK

ik Aspen Plus A2 3 (9) T LKEUS NI K R S VE . B2 R RS, dd A (@) T
PSS T2 % e MEFe bR PRI BUE, W 2 ATRUE H 28R s A U B ET R R PSI 2051
13.28 fi17.33.

Table 2. The calculation of safety parameters for the production process of ethyl acetate
2. CEECEEEFIZHNREMSHITE

MK Ji A EIKIkg # kg/m? J& 7jlatm FHRTE%1% PSI
FEED 15443.67 889.76 4.93 19.60 13.28
PRODUCT 15460.15 817.77 2.96 13.93 7.33

43. RAREETIEHEENERRZS TS

ST A G FE S N w5 IR FELE 360°C LA E, Rk, fEHERMETRIN—A 2R RTMYE, WG
BH(C3) 2K (BENZENE)#E TR & 25 (MIXER)BEAT IR A . Hirb C3 Wit 1 95% 1) P9 4 Al 5% 1 3 ke 4L, 4
VIR FE RN T S35 51 25°C Al 25 bar. BENZENE ¥ RS 148, #RAEIE L 15 46°C Al 25 bar.
TRA TG BIPE 2 FAER (HEATER) IN#A 2] 360°C LA JG, B #:3t N FHER S B #48 W (REACTOR), T2
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Figure 4. Synthesis of isopropylbenzene using Plug Flow Reactor of Aspen Plus
4. Aspen Plus R R R B &R F AR

SN BEHEAT A EARL LA, AT AAS 377 S 09 (PRODUCT) & 5 A 380.55°C, 41 A 5.5 kmol/h [ 1A
%t 106.603 kmol/h fi1%5. 96.290 kmol/h f 53 R 251 4.108 kmol/h fXT SR ZE . ERAS N EFEF, A
TRIER T LA S A RN, IR &=, M EERATLUE H, DI TR AGEREGR T 100%.
F 3B TR A N RS FR % AN PSI #UfE . M3 3 i LLEH, C3. BENZENE Fl PREH-IN iX
=R 2 R %, PREH-OUT Al PRODUCT it % 1 %2 4 1 8-«

Table 3. The calculation of safety parameters for the production process of isopropylbenzene
#3 RAREELIZHNREMSETE

LU J B Ikd/kg 2 [kg/m?3 & Jlatm AL RN I%/% PSI
BENZENE 40146.64 850.78 24.67 6.61 55.70
c3 45803.22 505.27 24.67 7.87 44.93
PREH-IN 41407.90 758.93 24.67 7.31 56.67
PREH-OUT 41407.90 31.18 24.67 10.05 3.20
PRODUCT 40850.30 45.04 24.67 7.97 3.62

ML 2 FIEE 3 HIRTLL, WTANTE LR L BEAR PR R FEED WIS R B OR, 7R R R AR R R A
#1 C3. BENZENE 1 PREH-IN iX =M HI & et 2. PSI EE R ERVE . /. K MmN
AN LR, TS B R] R A 2 A b e AR IR R B R R B AME AN SRR il R
B, 5] S A R T A R 5 T B M 4 BT (HAZOP) AR T & 22 A PEHEAT IR M AN 0T, AR A2 R A 7Y
HIRTE T2 PID BEIH GBI 2 BR2H 4k 55 A6 I 265 BB sl UL P P /e B, M SR A I R AT T
T4 BN 207 AT HO RO N B A Ay R = 452K
5. BEWEM

TEREANT Aspen Plus EHULRIAL T T 2 AR S VP ERFEPRAL v, AR G A =35 “FPRHE L
(309) SR RFHLN 55 % VPR 1 (20%) MIARHR(B0%). JEri, I ARATIIAE i ny A5 5 7
VR 2 ) IR A T AR RN I IR AR s N BN 5 22 A VP Ak R T DUBOAR S A R R TR
S BETT -
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B0, 41Xt Aspen Plus BEDLE b T T2 A XU A PPAl ERAE P (9 SE P AT RCR BEAT T &, DML
2021-01 1% 28 A IFAIZA R ER R, 45 RAIK 4 Pios.

Table 4. Evaluation survey of 28 students in class 2021-01 of Hua-An on the course
Fz 4. L& 2021-01 %K 28 BRFIHREAITNEE

KRR Aspen Plus JEEAEEZ MW
JERN 5 B R AR URAS B 1R R R IR B
e %= 0 0 0
7% 0 0 0
— 10.9% 0 0
I 21.7% 34.8% 28.3%
RIF 67.4% 65.2% 71.7%

M 4 RS RS R T4, ZEMNT Aspen Plus 46 T L 2Rk B IPARAE, 580 T 5T I
HEERIL, SN T ARG R ELREGS SCPRiR (R 07 SUBTRIGROE, R MR ], I th 5825 55 3
BT R, A HTA AR 2 B, AT B0 SBR Tl R . S 2 S AT TR A A 3 S
A KA T B A KA & A T SR A A 3 = 5L 0 B kS
SR T AR AR R R R A T G5 L 951 I LA 00 24 B 05 H R A8 B
AGEAT T RF U A PR AR Y2, TUH RS ARG S, S8 if o
B, 2R A RS2 51 B B S 5 S RLSE JRRII F, SUESGBL T 30— %6 - B BA MW T
BIAAHEFR1L
6. D&

T ZRRS S A R T2 4 TAR B — T b MEERAR, A ROR 0 TR R 1 s Ei ik
fith, 2= EINT Aspen Plus 46 T AN, B BB 2 e B TRETHE AT Tl fifk, ik
ARG, BN S S8 ]l R, B T AR RS, R T A R R AT, B
FE TR IR G bR TREMS SRR, b, BEARRENS, 5SS e E RS AN
T4 R, TEEEP B B IEH, Bk T AR TR ERE )7, MR AR
RFFREVSER TAE I, 32w TR S AR . BRARBRHEER . /NS R fa R, AT o H Al
NRA Ay 2 AR AR, HS A& 4 Rl it 750K, 8n 7 A TE R R TAE R SE 4 7).

E&WH
HRBHECR AA R #eA B mt Fe U H (U H % 5 202459).
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