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Approach to reactor network synthesis based on
instantaneous value of objective function

CHEN Qishi
(School of Energy and Environment . Zhongyuan Institute of Technology ., Zhengzhou 450007, Henan., China)

Abstract: Reactor network synthesis is one of the key parts of chemical process synthesis. However, the
solution procedures are very complicated. The concept of instantaneous value of objective function, and a
geometrical method using the corresponding area of the curve of instantaneous value for reactor network
synthesis were proposed. The application of the approach was illustrated with one case study involving
complex reaction. The results were compared with the ones from references. It could be seen that the
optimal reactor network could be obtained by using the approach, without solving the complicated large-
scale nonlinear programming problem. This approach is straightforward by using the geometrical method

for reactor network synthesis.

Key words: instantaneous value of objective function; reactor network synthesis; process integration

T R o (L3 8 T A HASE Sl 2 e A 0 SR
a SRRME. b T M e R B A SCE AT R4S KB
I 48 IO 2% 5 A AR AR G SR Bl S RIBER T ie . AR A R 1 IR B (Tl AT % 8 9 2 45

HbR R AR SV B8 . A, KO/NVAESE A, R TR

Tt BUAT 9 STV B 2 4 7 AT T A X -

WO BERK LS, B IE T, A e

BHE R4 KD W8 Kk AL %ﬂﬁg@w,%mﬁn%M%mmﬂﬁa

773, FZETT LU 4 R b . PO RIAR R ST 1 S B B 4L 4 T T 7T 451X 3 S

KO TR . AP AR50 = ki o 4 3 R T 75 N@%ﬁ@%ﬂﬁ%%mﬁ@%(%RxéNWm

RO 7. T HAE L, RS R T RS S (CSTR) 4% 0 3 S R 28 (DSRO™,

2006 —07—17 W B fa, 2007 —03—06 Y BME& L F o Received date: 2006—07—17.
BREAN: FEREA (1968—), B, %, Corresponding author: CHEN Qishi, associate professor.
ESWMAB: WrEASSFYREFEE TAMFEHITWHA (B E—mail: cgs@zzti. edu. cn

#oE [2005] 461 %), Foundation item: supported by the Support Program for the

Young Backbones of the College Teachers in Henan Province

( [2005] 461).



« 2540 - e T

F [

% 58 &

Hildebrandt % A A A £3 X i B 1) DSR & 0] LA

1 CSTR A #], b, AT ] 24 500 v] 15 X i A it

XiF ;B R # A PFR A CSTR, fe 4 B 507 2%

W% 8k J= PFR, CSTR DL M 34l 4. T

X458, fE& L PFR fl CSTR Jy JL 7 o 47 )52 Bi
WM LEE .

— BB s SN AR BRI A E AR e R
TR N f (eas cps cos =) BB, WNEHERHH)
W . R RICR . BN IZ B AR RS RN A
RGNS AW IEZ B R . ARSCHE R
NS RGN ES . HiR. MM, EEgkE. 28
FEEAE R G0 45 2 BOR BE I ) i A8 (5 A2 . X T
PER LWV #§ s cas cn cos =SSN E] ¢ 11 bR %R

A i
o d/((\ q('y,q"') o af d('/\ (7]( d('y, ..
TTTT U e de Toe di
= L 3 M
Hrp, ray e F00RREY R AR E R, 21
MIREE, P 2 e RS, IREWR A BE
AR 24y . MIX; T PFR RV g5 058 A
d_/(('j\ q(‘];y"‘) o V‘/
dea o Z 2

BIR. v/ ra WATRARIE N ¢ BRI B. BESR cas cn.
ceo s JE LI E] ¢ B R, R BT IR,/
MIRT on (BUA BIFALR 20 BYRE. LR
X (2 "G

’...) :JjL\

f( CA sCp
AL0

) O RO A A H AR H AR

Dide, (3

LN

see) _f(('/\.o s CB.o
f (Caos Chos Ceos
K (2 FE 3 Y r,/ra 2 PER I H ca

(8 A BEAL R o) H—WEENE, K2 H
PFR 5 v £ 0 B b ok 500% B .
0T CSTR BN #, T LUK i H 584
g(ea) = flensenam) — f(Cr s aes) D
GRS
(5)

AHMEIEW] . g (ea) / Cea— cao) WA ca (B xa)

fIEREL, Bz N CSTR By H b 26 50 HE
A LLE H PFR Al CSTR ) H b oA 500 I {E 15
%m (8 xa) W—JCRRE AR H b R E0E
PRIER . HR AT LATE Y- T AR AR 2R 2 i e T Y DR

WHE R F 2. WAL (3 F=X (5, AR
Pl A 33k 4 24 ok {1 T 28 I X6 7 ) R O THT AR B8 SR /DN o
AT SR AT Foft S B s o 3 AR S VL 48 00 4% 25 gl T LA
TEF- AR R 2R 4T . AT AG Xk . H bs s 2 f

) RWE AR YER A E RS
JLE =0 P b R R T AR X e fE = 4E DL B
(1S, R ot T A 1 A o2 3 4 B

2 FPHR

of [ A Ah SN g R 2% 2R S SCHER R T
Trambouze}if}ﬁlﬁ%lﬁﬁffmrﬁﬁ FIREELE S
55 3CHR A 2 R AT AL

Trambouze B 1) & H 41K

(CA s Cps CCo

ASB ro=k ki = 0.025 mol+ L' « min!
2 .
A—>C ry = kyca k, = 0.2 min !
) ) .
A—>D ry = kycy ky = 0.4 L« mol™" « min'

N B W BE Sl ca =1 mol « L7, e =
cco=cpo=0mol« L', ANEFEWRL 4, C HHIR
P, BRSOV R GE T ce MR Se.
2.1 BiHRFEBREMNEAR

IS NE Bl 7 2 A HERS A R C 9 A i R

ra=—r =y —rs =— k) —kyea _}»’3('?\ (6)
re = r; = kyca 7

XtF PFR, iz (3) 4546 6) fizk (D

AT LIS 3 H AR R AL e 1 BRIHE N
_dee _re ke ca
prem = dea A by 4 Ryen + Rich ®)
DRzt e Ry
cc — J";\.o (— ®PFR )dC,f\ €D
‘A

[F#, %FF CSTR., izt ) fixkt (5) 44
Moy AL C YRG5 5 B2 AT 45 CSTR 8 114k
) B IS

QCSTR :*}ﬁki)ﬁ 10
Nfcc
ce = (— gestr) (ca — €a) (1D
S g N R/ W)
S = % (12)
mak (12>, X 9 LR (1D mrRiA R

PFR Fl CSTR Sz b #% 3% #6159 15 A 28



% 10 BJa 1 . T H AR ek 200 I (8 1Y S A% 99 28 255 Ty v o 2541 -
SR B S PLg 4 . RALE RS T3 1, 3% 2 WA SCHS
Sprr . P (—gprr)des  (13)
v l R 5 SCHRES R AL
Sestr = N N (— PCSTR ) (ca —ca) (14)
Ca0 7 €A & 1 Trambouze X M L{L &R
2.2 fitk Table 1 Summary of results for Trambouze reaction

K 1 rhii4k EDHG i s n B Ar R A co B B
B A T2 — geer ~ca Bl — @estr ~cao E SN 3
Bhai, DAL B R m A, R R, ca=0.25
mol « L', #ALE 2, =75%.

0.6
0.5 D C
g H K
L oal
|
2 03] 5
&
1 02F
0.1
Gl B
0 01020304 0506070809 1

ca/mol * !
B HARBRBL co BRI B h 2
Fig. 1 Curves of instantaneous value of c¢

= (9 1, PFR MM o % F il EDHG
PIF cao M oca Z 18] | 30 #6008 B9 m A AR 48 5K
(13), B Spep B TUEEFRBR L (cao—ca) o MR
X (11, CSTR B A1 cc FFHZ EDG LD ca
b BN — gestr TG s P cao —ca AR BIFIE Y
mA. L (14), CSTR M H Sesre & T M P
BT AL B L Ceno —cn)s RIS T IEE B &
—gqestr. WAR G HCEIX PSS RN AR co BT
Xof 7 P4 TR PR RS /0N o 8 AT DA DT i A i — s R
CECFE AL A T SR F ] A S 1y 5 9 4% AT LA 3R A5 d A
[ co (EHBESENE S,

HARMRAL T e 2 H A2 EDG Eiy D
MU, CSTR i H cc % THIE ABCD Wy, 1
PFR 5 H 1 cc WS F b #E ABED iy E A, &
Ry MIFEMEBKRTEFHMmB, BIH CSTR
T PER, A¥EE 7 ED BOER & Wt . [w] 3 Ay
A, 78 DS LS A PFR 224 F CSTR. Hit, W
R R A RN, WY oy <750 B
CSTR. 4 x,>75% ] PFR, 4 x,=100% (G
B BF. B xa R 75% By CSTR H BE — A
PFR. M cc T GBCDHG RYHEI AL, 2 g%
FH B R0 2 P 2% e R T AR . IR, i cc SR
MR I 2 W 4% S CSTR (xp = 75%) + PFR,
Comn=0.472 mol « L', FEAL cc 025 BEAH T
A LA B — o B A0 30 T N e e S IRy

Synthesis for maximum S Synthesis for maximum cc¢

A Network Objective Network Objective

(xp) (xp) /mol « L1

<75% CSTR(75%) Smux=0.5 CSTR cc<C0.472

>75% CSTR(75%)  S<<0.5 CSTR(75%) + cc=0.472
+PFR PFR(100%)

& 2 Trambouze R LU HER G X HMERIILE
Table 2 Comparison of results for Trambouze reaction

with results from references

Objective  Optimal network

Approach

S () /min
Proposed approach 0.5 CSTR(7.5)
Attainable region'!] 0.5 CSTR(7.5)
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