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Abstract: Based on the thermodynamic method, NRTL-RK, Aspen plus software was used to simu-
late isopropyl alcohol production process by transesterification and optimized design of energy saving,
which is catalyzed by sodium methanol solid catalyst. The project used 50 000 tons isopropyl alcohol
production per year, while the factors of reaction equilibrium, separation difficulty and cost of raw ma-
terials are considered for reactor design. The reactive distillation column is set as isopropyl alcohol
synthesis reactor. The bottoms flow is 99. 99 wt% of isopropyl alcohol. The pressure swing distillation
system design is based on the thermal characteristics of flow from the top of the reactive distillation
column, which can achieve the goals of recycle the byproducts, methyl acetate, and the raw material ,
methanol. Heat pump distillation and double effect distillation technologies are adopted in reactive
distillation and pressure swing distillation systems, respectively. While the energy consumption values
decrease 60. 2% and 43. 9% respectively, the heat exchange network energy was further integrated
and the final energy consumption was reduced by 59.2% .
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Fig.1 The diagram of transesterification method of isopropyl alcohol synthesis process
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Fig.2 The diagram of number optimization of packing stages
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Fig.3 The relationship between the number of packing stages and the amount of isopropanol
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XEFRERHEE /R LR B 2 , o Y BRRE b oA i o L 2 S 0 o 5 A X S N
fig

2 WGk I FERATR 57 A I , 32 00 07 i 5 TN

mEafifl,
A ISR 2 W S EUR S B REAE L R, N



LERE

Y A% BT Aspen WRACH L ST NI T RS T RE AT HT 41

B, i S R I A HEAT B, AR 7 e H AR
SE IR 57 I IS T i 11 400 kg/h(111. 619 kmol/
ho) J 0 SRR R R 5 I R S DY R A P S
PR A SR SR A T O e REAE S 3 2

6 600| 0.030 0] 4 300

6500 00275

©430F < ogasof 135 250
_ 6400F T COREL P
essof Soomsp ast = 225
&0 6300] ﬁ S 20r 2
& 00200t O 4951 < 200
S eaor ol H
B so00f oows 1N 42 175
pel = 105
a5 6150 : 100f B
B ¢ ool BE 0050 10 48 150
& & 2 95
ok 6050 g 00125F 2 90 B s
60000 & est B
sosol %@ 00100) 80 100
75
5900
00075 %8 75

"
3

5800 0,005 0)

0.0025|

5

g B AT SRR S A, R e AT APl S P
IRo ACHLE HEREEE /R MR 1K F) 171,65 kmol/h
I, AR AR o T LA 7™ -5 REAE 2 1R U B 1
{EL, PRI B EE R R RE 171 65 kmol/h,

Sensitivity Results Curve

@ IPA KG/HR
B IPAC KG/HR
4= DUTY GCAL/HR
=4 MEOH KG/HR

5650 0.000 0 45

1300 1325 1350 1375 1400 1425 1450 1475 1500 1525 1550 1575 1600 1625 1650 1675 1700 1725 1750 1775 1800 1825 1850 1875 1900 1825 1950 1975 2000

KIS Rt K

Y E R AR R/ (kmol 1)

L] 14 R UL S Hir P

Fig.5 The analysis diagram of sensitivity of molar feed of methanol

SIS VR A7 S I i MK 187 5 45 5 B2 R 1
—RGE AL R — B B 52 BN AN S R
AR, XK KA T RS MR . K2
AT, B3 BATGTHE H R 1 3K 3 H 17 35 35 A A mT b
SRS R B NS I 2 A 4B A 1 3 [l
TSRS R ] R B B U 2R . SRR
H R IR B BN 30, 2ERMR S 13 A 14 Bk
Bz 8] o PRI, ] S Bh A Hh S R 45 5 100 18 B
A 13 Bl S BLA 17 Befle. 45 A LikitR
TREN B SFORHE RN 21 Bl IR L, S A 17 3%
351 Bt

P A ek 57 N A5 e A D RO SO0, T
AR S 07 38 3R 5 S IO A48 5 WAL AN K T 2% S5 i
Xt B A8 A B O SR EL R T A SRS TR A Y
0, A R 2 R R, B, e Ak DA R
R RIE B TOUR ) 73t , 0 A HE X -P e 2 REAE L 5
PR 6 A S B 28 OB S N IRl A 2 TR o 3 )
ARG B DUR T — e BEAE 5 5 N H i
AT RAGSE A, aniEl 6 froR, JEETH 712 0. 48
bar [N, 34 22 -3 A REFE I (1K H. 57 4 = H it ik 3]
IR BEI, X fe A Rl e 3. 5

S-1 - Results Summary

7.365 1,000 6700p—=—mm s = = a s onmasanna
x=0.48,y=1 @ REBWATT MW
7.360) & 6650 B IPAMFRA
’ = PAMASS  KG/HR
7.355 51500
0390
6550
7.350
0985, 6500
7.345
2 & ossof T 040
= 7.340
< B -
e & o400
& b Ll
7335 0975
# -9 =
g B 56350
§ 7.330] L)% 2970 B
i K6 300
7.325
0965 6250
7.320
6200
03960
3 6150
0955
7310 6100
7.305 0950 6050

0300 0325 0350 0375 0400 0425 0450 0475 0500 0525 0550 0575 0600 0625 0650 0675 0700 0725 0750 0775 0800 0825 0850 0875 0800 0925 0850 0975 1.000

FEILE ) fbar

K6 BRI - PR AEAE S 57 ™ Hh R RO T

Fig. 6 The sensitivity analysis of column pressure to reboiler duty and isopropyl alcohol production



4 JUINREE S CH AR AR %23 %

H1 Aspen (1% 5 808 7 Bir 08 5 BEURE SRz i B2
55 C ~59 C,BEEJJ¥EH 0.5 ~0.6 bar, Sz
R P 22 R S N, i it 6 683. 1 kg/h,
F& TR AR DRy DR A I R Y 1 AR 850 22 PP B A Ak T
Bt iR 10 237.7 kg/h, Hov B I L B
S DA I R I R S T 5 0 B0 O] D 80. 914
wt% ,18. 801 wt% .0.233 2 wt% ,0. 051 85 wt% ,
1.2.3 s3Ikt s5mik

o LB BT B T R B R 2 0 (4
1R AE o 1500 B W IR O S IR0 1 3 3 Tt
HUBE, Wit 10 237.7 ke/h, Hovfr i 2 H i L
P S DAYt T T S AT R J o 0 %0 3l 0 80. 91

y-x dlagram for MEOAC/MEOH

wt 18. 80 wt.0.233 wt 0.051 9 wt, FJEE /R4
HR 64.88% .34.86% .0.23% .0.03% . iZWY)
HEEY BB P RS PR, XM Z AR
(0.5 ~ 11 bar) iZ{k &R FZR M 519 —JCrE BT
15000, Hoy —x AL INEL 1~ 7 s, K
A BRI R - W) &R Ok iR AR OF B3k
WA NAZ T AR R, DRI 1M A SR FH 7% o
WL NG, TEA A B S0k 700 09 [5] i
AT B Ry 75 R A 5 NI i 500 T 4 0 e R .
R e 2H B, 75 FEORS 1 R AR a2, AT o 72 T
K& 18 R GUATEE Jy e e (11 bar) | J5 35 9 AR 2%
(1 bar),

ERN RN X

0.00 005 0.10 01s 020 02s 030 03s 040 045

050 055 060 065 070 075 040 085 0590 095 1.00

O S ER P AR EE R 4 L/ %
P 7 RIS - Ry -« P (0.5 ~ 11 bar)

Fig.7 The y — x phase diagram of methyl acetate-methanol with pressure 0.5 ~11 bar

AR T BN U A s s, SR
TRIE S IO R e A IR U R 58, R &0 s )i
HEA R HIE B4 28 00 B R A I TR Y IR, 35 TR
WP ST (11 bar) B H g - B Ay 3k
O ZEL B I T FHY I P IS S R R R R S TR T J
AR A 63.91 wi% \36. 07 wi% 0. 021 wt% .
0 wt% ) o W T DK TR e AR B, 35 22
K ALK 99 wi% 1R, JR 04 2 FURE A DAL,
175 T HEORE D 2 s g R T I - PR A L
21 (TR TR P IR PP I S P I R R R S AT T Do
Sy N 81.67 wit% | 18.33 wt% .0 wit% .
0 wt% ) , IR PR AR 2 o B A AL, 5
RIS TR G I e — R s 0 B
i1 Y I o

N R RCRAR BEFE 3 0 5 [l S A 7 i, X% &
GUERAE AT S s S Mt AT AL 70 B, 72 E i E
AR AR U 28 0 1 P JRE 0 PR 48 A0 T 0 D, v T 3
BEARECH SO, ZERHE A 30, B9 O 1. 82,
IR 5 B IE R 50, JERHEE BRI 25, 819 Lt
3o FEMCARAEZRAE T S EAR .

2 REERSN R TR

2.1 ITEMRTBEESH

MRPEAT H A 7= o 8 T4 B R R A, X F
TR I T O A AT AR ) Ao R A U 3 RE RN
REURIHAE AT ZR A 4. JR L Rl 1 fr
TN AT FREE G REREIN SR 2 PR, 2 o, W RETT



5 1

B 55 3T Aspen BRACHRIE S NIEAE 7 T 2 BB 5 1 BE AT

43

T HAELEARERE N 5. 83 x 10" J, 78 24 bR 1t
22 196.8 vAFE, AT H A I FE B IR S N BE
91 200 t 5 HIE 28 750 t,4F P2 SN 53 464.9 t,
P 1R H T 66 451.6 t, 19 gl #2245 A T
REFEdT AN 2R 2 From, BT A FH LA 4300 o i
(380 V Tk AHHL) R 2E77 (175 CHRIFNZEIR) |
REZE VR (125 CHERZEIR) M HoK (iFK 20
C,HK 30 C) ., 45532 b, /& B IREZER
SREFERR K, I8 59. 7% , Ho Ry I VRS 1R 1 P b A
(11.995 t/h) A8 Hob 18 R SRR SS TR 25 (5. 854
v/h) DL RS 1R B AR (1. 045 v/h) $2 4k #k
MR ZE IR B REREIR 2, 3K 36. 8% , HohAE Ik
KRG RIS PR A% (7. 579 vh) $Rfitdhi . %
HK B2 R SR 5 G PR 1 A 2
iK1 354,374 v/ho 1 L TR A B0 A A I AR B 6
BUBERHE S T, VA 326 T 6 HL B AR X 20, AN oy

x2

T BERI

- A 2

AE0.05% , v] 2B AT

R A AR R AR B R 8 TR, R X
T FEFERE B B R AETE 3 ORISR A %
BEASAL  AEAE IR 25 7 10 CRE B0, AU A 3t 1
(4B 0, AT BEVE 1 BEIE B RT3k 28. 0% , By
RETE 710 19 462.548 MI/h, A SO 4585 19 19 BE
WA TIE 08, R IR NG R S RERE R 3 I
[ e KB, i A, LI T 42 Z 1Al i i 22 (24
36 C) ¥ 2 Sl P TR 1R 1Y BB e v 1 A A
PR L 47 ST A I el . 7R R RS T R 5L
R A B4 I B R 134,62 °C, A1 o
=13 152.7 MJ/h; {6 7E 35 1% 45 P v SR IR B oy
99. 12 C, #fiff Ay 12 831.7 MI/h, iR a4
()P 5 V8 A L 22 R 8 HL A B ey B2 0, 7R )
— T B ARG N AF B BUBORG 1R R i ok AR
PR, o IR A T UK % AR T e el it

TR A REFER
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Fig. 10 The detailed parameters of T0201
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Exmentie sl Table 4 The energy consumption difference between original
> Heatduty 356437 MW o .
) and double effect distillation MJ + h
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Boilup ratio 634219 TRV BERERE 27 798. 1 15 006.0
Bottoms to feed ratio 0.343 394
PEZ YR RERE 30 530.3 17 729.5
K11 T0202 %A BHERE 58 328.4 32 735.5
Fig. 11 The detailed parameters of T0202
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Fig. 12 The process diagram of double effect pressure swing distillation system
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Fig. 13  Temperature-enthalpy diagram with energy saving measures
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Fig. 14  The final scheme of energy saving transformation
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Table 5 The table of integrated process energy consumption with energy saving measures
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