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Application and Optimization of Liquid Expander in Rectisol Process
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Abstract: To reduce the energy consumption of the rectisol process and increase CQO, capture,
scenarios are proposed to use a liquid expander at different locations to replace the throttle valve.
Aspen Plus software simulates the traditional rectisol process (scenario 0). The physical method
selects the CPA (cubic-plus-association) model and corrects it using binary interaction parameters
regressed on experimental data, with standard deviations of the main flow strands from actual
data below 1%. Throttle valves are then replaced with a carbon-rich expander, a sulfur-rich
expander, and both carbon-rich/sulfur-rich expanders (scenarios 1—3) to enhance the process.
Subsequently, sensitivity parameters serve as optimization variables, considering varying levels of
heat, cold, and electricity, optimizing process parameters with the objective of overall energy
consumption per unit of CO; product, and obtaining the corresponding optimization scenarios.
Results show that applying the liquid expander (scenarios 1—3) reduces energy consumption per

unit of CO, product by 11. 75%, 12. 38%, and 22. 90%, respectively, compared to using a
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throttle valve; further reductions of 6. 05%, 5.59% ., and 4.47% are achieved post-optimization.

Exergy efficiency increases by 1. 23%, 1. 23%, and 2. 48% for scenarios 1-—3, respectively; post-

optimization, it further increases by 0. 20%, 0.15%, and 0. 15%. Economic analysis indicates that

different expander positions all yield gains, with optimization slightly boosting profits of the

sulfur-rich expander but significantly reducing profits of the carbon-rich expander. This research

can provide a reference for the industrial application of liquid expanders.

Keywords: rectisol; liquid expander; economic analysis; carbon dioxide capture; energy analysis
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Fig. 1 Rectisol process using throttle valves (case 0)
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Fig. 2 Rectisol process using liquid expanders (case 1-—3)
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Table 1 Data from this paper and actual data for physical quantities of the main flow strands

L/BLIE Sz bR 4 a0 A SCH R bRk 2/ %
Hb A i/ (kmol » h™) 12 206. 00 12 200. 20 0.05
LA R E /K 233.77 235.75 0. 85
AL SR 1 /bar 54.75 54.75 0
CO. =S it/ (kmol « A1) 1 547,03 1 550.57 0.23
CO, iR BE/K 221. 87 221,27 0.27
CO, 7= &< 77/ bar 3. 00 3.00 0
AR/ (kmol « A1) 4 259,37 42 57. 40 0.05
ESMRE/K 211. 80 210. 18 0.76
&SR ST /bar 1.85 1.85 0
W B4/ (kmol + b 1) 15 067. 00 15 067. 00 0
73 B /K 371. 65 371.41 0.06
U BEFE J1/ bar 3.35 3.35 0

3 BERE AT M
3.1 BEESW

AL CO, 72 BY BE#E 2 AN IR IR B B vk T 24
B FBERLTE bR . W LN RFERBBEFES CO, =&
Z kL Bl

Wyys

m(CO,)
K : wye TR RGBBEFE ;m (CO,) TR CO, J7H

RGEDAEFE N INGE R RE R REZ AT, ST A
[Fi] B £ 1 AR HOUE B A7 A 22 55, O 1 TR} 2 b B2 R
FEAK T s AR A0 AS [R]85 A B A% - 0 o AH L 1) A R
B8 LT A AR bR

BCO,) = (D

n, ny "ep
B(CO) = (@D )W+ b2 W+ e D Wiy +
i=1 i=1 i=1

d D W.w) /m(CO,) (5
i=1

K. W o W, W, MW, 505 8RR & =41
FE HAEE TR ¥ BE AR RN VA H1 K ¥ BEAE  AH N 1Y
WHERE a ~d 5558 1.0.048.0. 654.0. 010,
3.2 @S

2 50 B AR BE JR M e FH 40 B BE JR M € AL
2R IR e AL . TR N

€ = €y T €a (6)

s e TREER e, F eq 43 0 7R ) B R0 1L 27
JEE R JH

YR EE R MR T 0 s FEEJRES h Y pR 2L,

zkxb. xjtu. edu. cn

TR S BR 25 F (T p) FARHERREE 51 (T, . Po) T
BIKEAE S W R A R (T, p) B R(T,, po) o 1E S B 5%
FEFIAR HE R BE 250 T WA 23 5 7= Sl s(T L p) A
sCTy s Po) o PRSI BE AL 32 43500 R 298. 15 KR 1
bar, 4 BLEE RIS 0

eoh = (T p) —h(Tyspo) —

Ty(s(Typ) —s(TysPy)) (7)

BEAL RS SR AT LA 43 Sk JE T I B A A e AN

BT I e, WA, 235 13T

en = €7 g, (8)
er = h(T,p) —h(T,,p) —
To(s(Tsp) —s(Ty s P)) (9
e, = h(Tysp) —h(Tyspy) —
To(s(Tysp) —s(TysPy)) (10

H A AR Y Uk T2 O e A A s OB B
PAYR 5 U BBE ) A 2 JBE % RS ey 0 e R i T et e 7
Ao TR TR A 2 JEE 2K AT AR 438 2% 2 73 1 JEE K
o3 B HAR WAL 2 BE R A AT L 4 R B

€ = Zx,e(h,, +RT, 21‘;1H1‘, an

Al Ruew. i 35 7R BE IR UK H B0 & L0 1
o 9 Al = JBE I PR B 2 73 8
T S E S BE IR SR IR i B F OB pR L
HKRH
E = Fe, (12)
HRE RS HmT DU SR A % . 1
5% T2 i S i A PRk 2 S R RS
I =E,—E. 13




o544

o VAN 25 A 2 WL AU T P I e T2 v B R R R A 207

WHRCR I T & 40 5 13 4% =2 8] 14 UG e 72 B )
It AR A AR R T OBE Y R R RCR L AR
() ST CE,D FUR = Sl (E,) 5SS A
(E.) ZI, ik

p= Dot o
3.3 ZEFEaW

ZVR Ay M L AR R 30 H B R fE i T
H, ARBFFEIE R T Il 1 (Pog) #0104 i J8 0 A1)
(Lep) IS8 B3 R P45 AR TR B B8 T 200 28 U5 8 2k
THE T R T I IH RAR KLY K e
BRENT AR,

A i T S ) R 7 R A A A T D A
(14 B AE T LA 34

Loy = Ay

QED)

aA+H"—1
i(1+"

s Ap FORAFERNE 50 FRIPRA R 0 FC. 5350
8Bl 1 A7 i A2 K BIL A BE A B3

TEHCRN AR BE b, [0SO e T B A A A A
B BT IS e 3 B T AR S A bR UK
BRG] AR g o R A R B A B B R S B A
AL LATHE 1] i3]

hl(Ap) - hl(Ap - lce)
In(1+4)

2 A 0 SRR A7 % 5 LSO 26,
4 ZRHTHE

4.1 fRUHH

g2 B L2 77 A= T v it L S ) R S 8 TR B LA
IBATSH PR CO. FARREFRE . & X X0 N AT i i
SP1 Ji AW HCEE T1 B 23 53 % s X A 43 i fi SP2
WA RS T2 B 53 o 3. w2 R 5%
RE VIARE HLRE L R IN ZE R ) X B X, 55 S0
FrHUBRAE T . 3 ROT 5 1 P IRINZE TR ) B Uk
PEOF BT 455 . b s DA 28 T 0 i8I [l Wi i) s g g
i AELAIE PR AU 4 HL ST AR AL A T 3 i, HL 3G iR TR
X KA BEAR T R IN 78 1 ) 23 N Z8 B 2R AR,
B 7R ARG LA . 5 IR, CO, iR
W) H, S BER SR e RN 28 s S B, 28 7 bar
A ik S AR F B T2 pn i R R 2 1 h Ik
N ZE R 7 08 1595 [l 8 ~ 13 bar, R H [RIRE A9 J7
Pe AR BN TS 2 A3 R IN 25 R 70 /R Y 3 LA )
A 11~13 bar 1 13 bar, ZE EFrRATH, % 1~3
o N 26 ) #5151 13 bar,

—C. (15

P()R - (16)

zkxb. xjtu. edu. cn

2
S 10
= 8
&6 ° Py HLSIE AR50
; AT o /J\ 1;0.0005%
i L]
= 2 ° N o
0 " " N i 5 X ]
6 7 8 9 10 11 12 13
K TN 7% )1 1 /bar
() CO, PRSP H, S BEIR 4B
1600
1400 )
1200 ° —o PR AL R
§ 1 288 ° . —o— gk HLAf Hh Dy %
ﬁi 600 N o .
= 400 O —9——a o o 3
200
0 L L N N N X ,
6 7 8 9 10 11 12 13

TR INZEIE ) /bar
Cho) 418 B0 15 4 BIL 2y 23 R Bk ML i s 2 32
B3 %1 RN ZEE ) i Uk 4 by
Fig. 3 Sensitivity analysis of medium-pressure flash pressure

for case 1
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Table 3 Energy consumption of rectisol systems for different cases
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UER! T2 R

kW 2 622.5 2172.9 2102.0 2179.3 2178.8 1727.1 1726.2
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%/ kW 13 878.2  13612.4 13 994.2 13 596.8 13587.7 13331.5 13 382.0

W i/ kW 7 901.0 7 648.0 8 040. 2 7 641.6 7 630.0 7 389.5 7 439.5
BHIKY 17/ kW 5977.2 5964.3 5954.1 5 955.2 5957.7 5942.0 5942.5

VR A B B BL S T R/ kW 434.3 492.7 417.1 417.8 853.1 852.9
ARG REFE/ KW 8 415.4 7 800. 3 7 985.8 7 802. 4 7794.3 7185.2 7217.1

RO EBEAE T AR/ kW 615. 1 429.6 613.0 621.1 1230.2 1198.3
RYERRAE L/ Y —7.31 —5.11 —7.28 —7.38 —14.62 —14. 24
CO, =i /(kg+ h™ D 67 753 71 166 78 212 71 691 76 504 75 029 80 002

CO, =214/ % 5.04 15.44 5.81 12.92 10. 74 18.08

A CO, = fhEEFE/ (kW « h e kg™) 0.124 0.110 0.102 0.109 0.102 0.096 0.090
B CO. 7 i RBAEAR T/ % —11.75 —17.80 —12.38 —17.97 —22.90 —27.37
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Table 4 Exergy analysis of rectisol systems for different cases
- AR/ AR R/ AL/, CO, PPEACH/ W RREE/ R/ ROR/
MW MW MW MW MW MW %
FHEO 35. 407 8.463 27.367 1.096 0 15. 408 64. 88
VER! 35. 407 8.377 27.358 1.152 0. 434 14. 841 66.10
EBRIN 35. 406 8. 474 27.355 1.250 0.493 14.783 66. 31
VE ¥ 35. 407 8. 364 27.358 1.162 0.417 14. 835 66.11
T 2 ik 35. 407 8.362 27. 357 1.226 0.418 14. 768 66. 26
EE! 35. 406 8.278 27.356 1.216 0. 853 14. 259 67.36
LE KN 35. 406 8.291 27.357 1.280 0.853 14.208 67.49
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Table 5 Economic analysis of rectisol systems for different cases

LW S - - - H{E - -
FEL MRHENFEL FE2 RUEMFE2 FE3  MIENMHIES
B/ T T 52.71 52.71 51. 14 51. 14 103. 85 103. 85
A CO, Wi HEH /t 27 301.0 83 672.7 31 504. 2 70 004. 9 58 209. 8 97 993.9
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A i SR RIE /T3 26 0T 914, 04 626. 20 911. 99 924. 62 1.829.23 1779. 80
[l 4z 199 / a 0.95 1.36 0.93 0.92 0. 94 0.97
- 2% w 1958-09-12.
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