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Automatic Synthesis of Chemical Processes by a State Space Approach
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Abstract : The objective of this study is to investigate the possibility of chemical process synthesis purely based on mathematical
programming when given an objective, feed conditions, product specifications, and model equations for available process units. A
method based on a state space approach is proposed, and applied to an example problem with a reactor, a heat exchanger, and a
separator. The results indicate that a computer can automatically synthesize an optimal process without any heuristics or expertise in
process design provided that global optimization techniques are improved to be suitable for large problems.

Keywords : process synthesis, state space, superstructure, mathematical programming, global optimization

L Mg

SAAAE dutdoz F aAE Ak A 1 ©A
A= 4 AP 73 Ee AEA A &S 7 HH
BK(structural optimization)Z %3} FAHEE FATh A2
AE 534 7 2 H(mathematical programming)®l] A g+ w7l
W< 24 Shparametric optimization) THAIEA] 1 GARlA THE
o} FAT ojgt ZdAe] AWM (design variables) #E

< FFH3eld HAXHEZAZAE 784 Erk
Ao 72 HYoE 34 A ABAR}
=1 Ut} Bagajewicz {112 Fyd w3ty] WEHD 4
& 95t Ae)Estate space) TS AEII 0™, Schwe-
iger 9} Floudas[2]& ¥HS7] UIESZ ¥4& #13 27%
(superstructure) 'S AokElsith 25| WHog WESA
FHEAS 543} 3 Aoz Hexst njdy AE
(mixed integer nonlinear program, MINLP) #-#7} €r} o]& &
H B903 35 2 AAEo] AAHY Fx7F HAsACL
T3 uker) B 9 2nel e md e ¥ 29x
o] o] AelA FAlol st wEtA o] WHow
T4 AHTR, HEFR 9 HHzPxRAY FAANR]

1. 2X7A
R Aol AEshe WHe BE bw Txel $HE

* Al A 2K Corresponding  Author)

E=EES  2003.6.17,  AHEEA 1 2003.8.21.

A4y o AEdsta 31838 (soochoi@chonbuk.ac.kr)

% EA7E Agustn slehEArsdTAdA 2890S

WEsle FHES el 7Y F 7P debAQl el
superstructure operator & AHE3H= AEIFIE L]

£ T} o] Wie gAstad e E

1 7} Zro] EAIEHE o]7]9A] process units BFollE AR
5% 2.2 A7} £EEY pipe network EElE o] A&
o] RE 715% AAFZ7E TEELE o8 A sk 48
A ABEANE pipe network 2-=2] Z Ao EA131= mixer &}
splitter Sl t3t Aak 2 o] X4 E, process units £
We] z+ Ao gk B s 98 I AFd dig Ag=
AL, 281 AT Y EEE vele BAErER 74

A,

Product gWaste
8 9

Fog Pipe network | F,

Feed E
— P 2

FO FD1 F
1

&

v e |
CéZR @ ’Flash

Process

F7 Fe Fs F4

a9 1. B e 98 Y 272

Fig. 1. Process superstructure by state space approach.
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Step O: Initialization
1) Define constraint {x) < f* — swhere £ > 0.
2) Setf* =+

Step 1: Starting point generation
1) Generate random points in the search space.
2) Select the least infeasible one as starting point.

Step 2: Infeasibility minimization
1) Find a feasible point.
2) If no feasible point is found, go to step 1 or stop.

Step 3: Objective function minimization
1) Find a local minimum f*.
2) If a better solution is wanted, go to step 1.
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Table 1. Phys1cal property data.

Component (i) A B C
Density

0, b-mole/ft’ 0.667 0.667 0.667
Heat of vaporization

A, Bu/lb-mole 17,580 | 16,150 | 18,060
Heat capacity

C, Btw/(ib-mole °R) 39.60 4048 45.76
Vapor pressure correlation

In P} (psia)=A4,— B;/T

4; 15.84 1488 1646
B, "R 10,1412 | 7,6892 | 108411
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Table 2. Reaction data.

No. (i) 1 2
Reaction A—B B->C
Rate r =k [A] =k [B]
Rate constant
ki=a;exp(—E;/(RT))

12y -1 0.3077 x 10
a 0.1269 x 10” hr #/(lb-mole h)
E;/R 17,900 °R 11,910 °R
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Table 3. Network data of local solution 1.

i a; an ap ag ay

0 1 0 0 0 0

4 {0 0 1 0 0

510 0 0 1 0

6 | 09627 0 0 0 0.0373

7 |10 0 0.3599 0.6401 0
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Table 4. Stream data of local solution 1.
i Fia Fg Fic T;
1 131.151 73.347 42485 615.35
2 0 0 0 500.00
3 36.265 216.142 47.594 859.25
4 34.859 165.776 46.348 900.00
5 0 0 0 500.00
6 32.359 76.192 44.133 665.83
7 3.905 139.950 3461 665.83
8 2.500 89.585 2215 665.83
9 1.208 2.845 1.648 665.83
7 »
Fzs{= 53.016 Fzs = 94.300
Ib-mole/hr
For . F Cis Fis w Fs _|Fiash
TF =|665.83 °R
Vg = 3.499 ft°
Tr =900 °R

Fe1 = 146.984 Ib-mole/hr

a3 2. A Ee 19 g FAHE
Fig. 2. Process flowsheet by local solution 1.

+h Feg = 5.70&

AGBE 7] 9 FAL AST Bk f= 35542 9 A2
Aol A o= SN an=1 R s =08 W2 L6
N BF B D F ALE 44 F D R AR 0
S0tk % 2495 & ol Wbk govt ¥ )
A ROl 1 A B8 Faol AASle) 30| west
ik

o] A Fi AN S83 FABHS 9T 39

Aol AEAAE ARGEHA] R T ™ 2
E AE 377z AH2 Jeldon 1Y 394 32 F
o] AAY HFZA = F 4™ Williams-Otto plant 2} H],\

i&
4 of
oZi
IS

E 5 A9 29 MEYA A=
Table 5. Network data of local solution 2.

i a; ap ap ag ap
0 1 0 0 0 0

4 0 0.2706 0.7294 0 0

5 0 0 1 0 0

6 0.9823 0 0 0 0.0177
7 0 0 0 1 0

E 6 A9 29 EEAE
Table 6. Stream data of local solution 2.

i Fia Fa F T

1 141.716 99.668 58.617 624.50
2 12.171 52228 16.767 900.00
3 44.987 193.040 61973 791.78
4 44987 193.040 61.973 900.00
5 12.171 52228 16.767 500.00
6 42467 101.464 59.673 665.91
7 2.519 91.576 2.300 665.91
8 2.519 91.576 2.300 665.91
9 0.752 1.796 1.056 665.91

Qn = -1.345x10° <£ Frs = 96.396
|

Btu/hr b-mole/hr
For  F cis B g|Flash
, f Tr =|665.91 °R
Ve=3309ft —¢
Tr =900 °R 43

Fe1 = 200 Ib-mole/hr | Feg = 3.604>
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Fig. 3. Process flowsheet by local solution 2.
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