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Study on multi-objective comprehensive optimization of batch distillation process
WANG Chuan-chang, XU Bao-yun, Al Bo, ZHAI Jin-guo”™ , LI Liang-jun
(Fine Chemical Institute, Shanghai Research Institute of Chemical Industry, Shanghai 200062, China)

Abstract: In order to improve the comprehensive benefit of batch distillation process, the multi-objective
optimization is needed to do on batch distillation process. In this paper, a method based on uniform design (UD) for
multi-objective optimization of batch distillation process is presented. Model is created through Aspen software, and
experiment schemeis arranged by uniform design and model simulation is carried out. And then the quadratic polynomial
fitting on stimulation data are carried out by means of DPS data processing system, and mathematical model is obtained
and optimal operating parameters are predicted, which makes multi targets all achieve the best optimization. The
separation process of ethanol-isopropanol binary system is used as study example, showing that the single-pass yield is
52.92% and operation time is 6. 52 h after optimization. Compared with the initial model experimental results,the yield
has been increased by 24.9% and operating time is in the acceptable range, meaning that the optimization effect is
achieved and it can provide a new idea for the multi objective optimization of batch distillation process in the future.

Key words: batch distillation; multi-objective optimization; Aspen simulation; uniform design; mathematical

May 2017

model

[ BJORS A 1 g — A B8 FROAE 1 07 2K, 30 4 SR B
FORE AL TR 254k T 2647l ) % T, 33 15 3 [
AN T . 0T 1) BIORS 180 1) 20 1, %
)2 BTN R 208 27 R BN
oy B At T, Tang 2500 0 RS (5 45 4 J7 T
BEATORAL , BT X ) (918 & 1K 2 5% A [R] B 35 45 44
FIHRAE 2, 1T 05 22 0 S % [ BJORS Tgs VE y EA T
oA, Lopes 25" LLZS 33035 o B b BR B, 3 3 5
KRR T | LAEE [13 LG RS [ 3 L8 7 X 2
TR A 0 3 H A, A 3R LR RS AR A
KEI 2B 525 . 1M Safdamejad 257 %6 ] BOKS 1 1
FTEASSHAG R AL , 26 RAE ™ 5 2l B A B SR T
REAGHE G 7= Sl R . Betlem 45" 3l i3 % £ IR &
W3 8 ek AR e e YR U A B B IR 5 45 B
PRI o N T ) BJORS R A R AT A T
A, 3t B ) BORS 18 22 B AR AL . X il OR

TR R b 2 BRI AL iR GE R /D, Hih Barakat
50 R AL T 2 HARI AL, B B 56 0IE
FER, SUNECE A AL, Conradie 25" 3 1 1]
P25, ST P 28 X 2 5 22 R 1 22 01
BE, PR (] BJORG 1R o 75 B 87 SR A 2000 2 B bRtk 4%
AT, SRAG AR BEAESE, X T4 & Toll (Rl Bl
TR B I 22 T A8 g AT LS P S i

Z HARMEAL ™ J2 [ Ak 2 1 39 1) BJoks (0 7 v 2
A8 2 AN DL B H Ar RS B S 4 SCR i Ak i
P, M2 HAR AT REAAAE w5, B 24 001028 H AR,
DAL 2R R Re Ak 19 B Ak o BB 5 4 Pt e sk
S mHAL H bR RECR e 2tk . R Z R
H AR R AR AT 1R A AR ], B AR Ak
TE AR AR SR T B, AU A B B, T AR
15 A ES AL RR U (S BRAR B W] 39 7E 75 BEYE [
ZWe

s HEA:2016 - 10 -31 ;&[5 HH#3:2017 - 03 - 08

EERIT: LB (1991 =) 35 UL AR, W57 1 A i #5255 53 , chuanchangwang@ 163. com; 842 (5] (1975 - ) , 5, R AR 2L LRI,
ERNIA TR AT A TR R 89 sl 8™ Mk A2 D7 T A9 A Sl IR F N | oldzhai@ 163. com,



- 194 - 4K AL T

ARSCHR R TR R A1 R DT I A T Rl AR
iRt R 2 ARtk 5 DPS B 3 R 4 4b
PR SR Y 1 B R R B S IR
LWE=-SENEE ZIuiR R 70 B R BN DL, SRR %
Ik e i R O

1 Aspen #EVRY3# 37 K SLIRI0IE

1.1 Aspen f#ERIpY#EE T

TR £ B -5 TR B T AR 3R 43 i el R ok FH 1Y
R HE IR AR B Aspen Plus H1 i) BatchFrac £
B, AL Ao A v A TR AR P T AT s QDA AR
SRR R BRI B Al s @ AR S BB AR b A8 A R
e fE s HAHSE , VR Z AT s @SR B R i
1B s @ JCIR R TR 3 FLA 1 AR A BE
1.2 s E S HI0HE

TEW] A AR G GIE ok A8 vy, S B2 AL rh ] ]
I SHL, NS IE AR R V2 BEAR 5 T i A T
AR RER G, W AR X LA S8, AR 5 525
ARG o

WA AL SR AE B BT R R N AT
mE R, HAp s L LA O3 2 K
PRI R G ; ORGSR ; 1 BEd SR HIKIEER
ARG, BWURMEREE 1 m, N4224 33 mm A
BEANIE AL, N3 3.4 48 A MR E RN B AN 1M S
BEIEZN 1 LA NS, ShER R, T 284
MmIIE S, BETI0A BE g N B IR BEE R JTTE
IR HUK RS, HhBIBTEE S S BT T
PROmE 7 Ve HIKGE ) A2 B TR AL IR B
SR 2 3% e AR il , OF R I TS & 6 2%
BB RYOR M DCS il - A i i e , Rl n] L
Bt R, SC e SEEHE SR IT B AT . IR L
PRI B il s 42 o], 5 TOUR: s A o AR 1% A
( Agilent7890B ) 43 #fr 2H Al

Bl EREEERE

AR SRS AR AT, 0 i A B AR v B I AR
B Ve BEAF AU RN A BB AR AR, (RLDLT
WS HNLR S, S SRS TR 8 T

FITEESH

U5 Bl IS [ AS A A ] 2 s, 86 T80 o o £ 43 55 b
Tt i ANl 3 iR o
80.8
80.0f
o 7921 1
&78.4"'/_41.23:%:%?5
% 77.6}

76.8f
76.0

T 2 3 4 5 6 71
AT/
LB 32— S
B2 A 5 50 3 THUR B A B U] A9 R AL

120
110}

¥ 100
gg 901 2
@ 8ot 1

701
60,

0 20 40 60 80 100 120 140
ZilRtiE/g
A2 — S A
K3 HWMFrginREEs 2ZRXEENT L

ML 2 (14 i B2 BN 1] 472 A m] LA 3], 4400
S R B TOU R A e #— 2, A R
[l /IMEAL B B i R o B B AT S B
Ulo B3 Faf AR R R AR SR Tk 2
W2 14 TR 7 O AR R A S TR R B, AR 5 A K [
LIS, 208 T K, O HLSC 50 PRl 45 R 35— 8.
P2 RS S e 2 (] i A X R 22 4E 0 ~ 0.25%
K3 AR IR 221 0.33% ~3.19% . Al
SRR 2 18] PR AR R 2 X T A2 e NRTL #4
JI2ERER L), B A5 R Ak %o AR T2 U RS L T AT
(4, AT LATE R SE Al B EAT — ook AR o e ad R Y
At

2 BBt 5REE

P eyt e — R 2 g 5 A L
RS A i — M Uy i S IR SSR T B 26 B
H il TR 5Bt A% R 9 2 2 0 80 1A
FIE RS, P Al AR R 15 R ]
P Py 2423 B2 HE 0 i AR R U Y B A
A B, fE 0% 78 o0 AR B A IR B Y B i
,hjq:;%[ﬁ—lﬂ .

2.1 RUSHHHE

e [ GRS 1R 2o A, R IROR 18 45 2R 1 R A AR
Z N T FEARRTIR I R Pl AR MERE , D K 1R R Y
BB, PEFR LA X B ICR BRI TE] 2 LR



2017 5 B

IBSES (SN 28

TENCAL i i v [ 22 BB 23 Bt S BB E S 4L,
UnBLE AR AR 24 B BE T F) 02 101. 325 kPa, 235 1%
ZE0k 650 Pa, R BEGHFIRUEE 0. 011 kg, BEHEEMEF
L 0. 001 8 kg, BN B ad R0 3 ANBr BE, K
YR B BE /N 1 HG B B A i 48 0 B B
H A/ BT FE B B [BIR EE & T dhoR R
L R 0 BT B 4 [ 3 EE B THU™ il AR H SRR 7
BRSO BRAT I R
2.2 HERERITSRMER

Y enkse et — Mk L H ik, h TE S
JEF PR R 8] A2 AR T, X T T SO 1R g AR A e A
ARG i3 P

WRYE25, [FI o T RIIERE R 5% A s
¥ i g A 1 IS BUETE L, N3k 1 R

®1 HFRUSHEBETLE

TRt fe S 4k A
ML EE B BE 1A B 0.7~3.5
A WL G BT L 25 5~10.2
AN B BER R xy/ (goh 1) 20 ~41
AHER AP BRI 2,/ (goh ™) 15 ~29

FERE 5 R HE R rh 3 T U (8) i E %)
BT RUEAT AR 1 2 230 B, Bt & &

BAIZE RS TR 2,
£2 U (8 )RR AERHREENER
Us (8%) % x %y " »
1 0.7 23 7.4 29 49. 44 6.99
2 1.1 29 10.2 27 53. 16 7.41
3 1.5 35 6.6 25 47.04 6.75
4 1.9 41 9.6 23 52.54 7.74
5 2.3 20 5.8 21 43.50 7.96
6 2.7 26 8.8 19 51.56 9. 31
7 3.1 32 5.0 17 38.23 7.08
8 3.5 38 8.2 15 50.52 10. 03

T 2y /NI B BE AL L 5 0y /0N IE1 3 L B B T607™ il R
W2, g/ hsay s PR S O B I L 500, Ay 3k B 4R 20 B BOEE T
R gy, BRI, % 5y, HFRAEE] o

3 ZHRERHMAL

TEEAT 22 FARE A R H 8 B0 220> F A pR L
HATOLAL S — e AL 31, BIKE BT A H b bR 0% 1
R RAE, R IR y = 1y, R X 24 H

TEEF BB B IENNZENRFEEIIHAR - 195 -

P BREHEA AR HOR S B, Hodhe R B AR
Yo = = Yoin)/ Vs = Yoin) o T AL B2
R T AR eRE S — 49,8 A E bR R B AR
P 1 [ B 2%, BV AR L AE O ~ 1 22 0],
3.1 WE

BUE 2 EEAE 2 A~ B 5 o B 1] 2 3T
#r ARG B bR BB BN TACE RIS
FAMEFEE , XAE AT LUK 21 B 5 s EUE e 1R
Hbreh . B - FNEE IR R &S,
BRI B JE A AE RO TS T 2
A~ H AR BRAL AT AR OO BRSO 0. 8, A i
)2 0.2,B0 y =0.8 %y, +0.2 sy,
3.2 HEHE

RS, I 28 S 1 A A AR i )5, inge
3 i

A= B3l X2 X3 Xy ¥
1 0.7 43 7.4 29 0.780
2 1.1 49 10.2 27 0. 946
3 1.5 55 6.6 25 0. 672
4 1.9 61 9.6 23 0. 889
5 2.3 40 5.8 21 0.389
6 2.7 46 8.8 19 0. 746
7 3.1 52 5.0 17 0.172
8 3.5 58 8.2 15 0. 659

FIFH DPS Hds b ¥ R Gewt 3 3 Bdli#k 1T =ik
ZIAIA  ZoR S HRMER K, A4S R
y == 1.71 +0.455x, —0.022 67x, #x, +
0. 000 32x, * x, +0.000 17x, * x,

iR Bl R AES A G L« =3. 4,0, =
41,x; = 10,2, =29, ¥ g BRI 9 58 11 1550 1EL
FHIRZRE Ra=0.998 8,F =315.780 9,P =0.000 3,
FlRPRUEZE S =0.019 2, HE G I AH K R 3L Ra =
0. 997 2, Durbin —~Watson Fit3g d =2. 015, i AR
FaE o TERCFRERIT HA 2y oy vy, BIZINDGE L B
BOR A G PR 43 B B Rl LR R B Bk
Hh T FRAR ISR TN BRI (B A 520 ik By Y
ATRLE Mooy HT oy o0 B BT UK, vy #
RBORZ T %, 2, 1Y R BUR /DN, B REUEH A [] #2
YESHOGT H R BRI 52 AN [A] , RO, S e R i
T, BT AL TR 43 B B 1l Ak BE R R HE 23R 0 4 A 3k
PSRN ) 8] 52 W) B K, MR 408 S B 3 9 3
OIAT AN BUARSE o K SEUEH G HEAT Aspen FEAY



- 196 - A, AL T

BLRL, B A3 20 2 A H bR ok Bl 2 R R
52.92% ,FEAERTIH] 6.52 h, 2840 A8 4 ik R )5 15 3]
y =0. 989, B LI {E 5 0~ 155 70 T 4% (B AR X 1% 25
5.27% e H22Z2 Ja N .
3.3 RERESHESIREIE

it DPS i 4b Bl R S8 Fr 4845 1 2350 X 4
{EL IR BGUE S |, (A B4 S IR B0 IE , A RETEFH
TR AR PE . FE L IR IR IE i R P A «, =3. 4,
x, =410y =10,x, =29 50T, 647 2 RS, 5L 5
EIRGRIRIZE AN 4 PR

x4 FEMXWWIETRE—ER
PRCR/ HIRHRZE BRAEINE R

% % h %
LEEDRIER 52.92 6.52
WL 53.76 1.56 6.34 -2.84
WoRERE 5471 3.27 6.73 3.12

T AR ER2E = (SER(E — BLUED) = 100/ 25 {H

TEZE 4 ] DUA H,2 OS2 50 Y SR R A5 A6
FUERZ 6] AR X DR 22 9 AE 4% DL, 48 i (] 5 4
UELZ (B AR IR 22 B RO 3. 12% , 75 0] AR 1)
TWHEN
3.4 #R51TR

Xt T ) BJORS 15 1o A, 0 2 A B RE S S IR £
E KA, RIVER B IR B g , 48 1 I 8] e, (HL A2
FEEZA BARZ B AL A H.F G , A RE TR I ik 51 22
R AESPRE AR, T AR R H B, R A
A, BT IA SCH TR L UD IS4 5 i RE A i3
RIS 2 Hbsdtfr i e iife. R4 l IR, 78
FARRICRAUE R0 0.8, AR a] I AUEE 2R B
0.2 MfEBL T il ad DPS Hdfa ik AR S8 b — ik 230
AAG PG 2 A B B R AR (E &, =3. 4,1, =41,
2y =10,x, =29 If, G2 2 4> F AR R £ E 200 16
TG e RN SE B B e , AN TR ZE AL Al Z L F N

4 i

fe i 72T UD LAkl 8o B 7% 2 H AR J7
5l it S-S N EE ek R A SR ST S,
WREZIT L% R ORI e 22 H bR 28 5 AL i3k
e, N Aspen BRI UE BN EC AR A AT, 75 24
TR 56 56 A 007 5 TR ) 41, AT 45 210 >R
UD J5 k456 80 i T H RS X o] BJORS 1 i e 2
FARL AR 2R I OR , X T £ B -5 N BE 0
PRA M, 7 2 B RO 52.92% , 5 A 1) [H]

E3ITEESH

6. 52 h, AL T ) ff B R 46 i 5 56 45 2R iR 1Y
39. T4% FIHRAERT ] 6.3 h, x5 L& R T Z4a 1
MFEFT , BB ARICR SR 1 24. 90% |, T #AE  [1] X
AR 1273508 4 e i TR BORS 180 e 22 H b st
AT AL — o i R g

B s R TR B AR A B S e TR
U A SR 4 5 RS By

S 30k

(1] And J C Z, Coronado C. Optimal control problem in batch distil-
lation using thermodynamic efficiency [ J ]. Ind Eng Chem Res,
2008 ,47(8) :2788 —2793.

[2] Arellano-Gareia H, Carmona T, Wozny G. A new operation mode for
reactive batch distillation in middle-vessel columns: Start-up and
operation[ J]. Computers & Chemical Engineering, 2008,32 ( 1/
2).161 —169.

[3] Peng B, Shuang S. A dynamic modeling for cyclic total reflux batch
distillation[ J]. Chinese Journal of Chemical Engineering,2010,18
(4):554 -561.

[4] Babu G U B, Aditya R, Jana A K. Economic feasibility of a novel
energy efficient middle vessel batch distillation to reduce energy use

[J]. Energy,2012,45(45) :626 - 633.

—
wn
[

Tang Ke, Bai peng, Li Guangzhong. Total reflux operation of mul-
tivessel batch distillation for separation of binary mixtures[ J]. Chi-

nese Journal of Chemical Engineering,2014,22(6) :622 —627.

—
=)}
[

Lopes M M,Song T W. Batch distillation ; Better at constant or vari-
able reflux? [ J]. Chemical Engineering & Processing,2010,49
(12) :1298 - 1304.

[ 7] Safdarnejad S M, Gallacher J R, Hedengren J D. Dynamic parameter
estimation and optimization for batch distillation[ J ]. Computers &
Chemical Engineering,2015,86:18 —32.

[8] Betlem B H L,Krijnsen H C,Huijnen H. Optimal batch distillation
control based on specific measures[ J]. Chemical Engineering Jour-
nal,1998,71(71) . 111 - 126.

[9] Barakat T M M, Fraga E S,Sgrensen E. Multi-objective optimisation

of batch separation processes[ J]. Chemical Engineering & Process-

ing,2008,47(12) :2303 —2314.

[10] Conradie A V E, Aldrich C. Neurocontrol of a multi-effect batch

[

distillation pilot plant based on evolutionary reinforcement learning
[J]. Chemical Engineering Science,2010,65(5) :1627 - 1643.

[11] FEJi . DPS Brilisb AR e[ M. bt Bl th i, 2007.

[12] Kim Y H. Optimal design and operation of a multi-product batch
distillation column using dynamic model[ J]. Chemical Engineering
& Processing,1999,38(1) .61 —72.

[13] FHS, AhBEAE, b I 3. 1E 5S¢ R 1 50 S 3 BEit 7 6 B9 LA
[J]. Bl 5 ,2013,(22) .78 - 78.

[14] % B2 5% B[ M]. dust Bk ik, 2001.

[15] Wz, 2 pemk, " 530y, . RIE A R 0 SRR R G T FE B
1], i %,2010,23(4) :193 - 196. W



