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H,/CO, separation via ZIF-8/DMAC slurry: Phase equilibrium experiment and
process simulation
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Abstract: The porous slurry integrates the excellent fluidity and mass/heat transfer properties of liquid absorbents, and has the high
specific surface area and well-developed pore structure of porous solid adsorbents, which is expected to become a new generation
medium for CO, capture. To explore the indicators and energy consumption of CO, removal process using ZIF-8/DMAC porous slurry, a
full-process model of slurry treating 300000 m*/h shift gas (H,/CO,) was established by Aspen Plus, based on the gas-slurry phase
equilibrium experiments. The operating conditions and energy consumption per unit feed gas were analyzed and compared with the
traditional propylene carbonate (PC) CO, capture process. The mean relative error between the simulation and the experiment solubility
is less than 5.00%, indicating that the model results show good agreement with experimental data. For shift gas with 40% (mole fraction)
CO,, under the conditions of absorption pressure of 1.8 MPa, absorption temperature of 30 °C, gas-liquid volume ratio of 80, and desorption
pressure of 0.01 MPa, the H, recovery ratio of the ZIF-8/DMAC porous slurry process is 98.73% and the CO, capture ratio is 99.11%,
and the CO, concentration in the purified gas is as low as 0.60%, and the energy consumption is 0.026 (kW-h)/m*. Compared with the PC
process under the same CO, capture task, the ZIF-8/DMAC slurry process reduces solvent circulation by 50.10% and energy
consumption by 38.10%, showing a clear energy-saving advantage.
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Fig.1 Schematic diagram of experimental setup for phase equilibrium
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Table 1 Parameters of simulation shift gas
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Fig. 4 Experiment and simulation solubility values of CO, (a) and H, (b) under different temperatures
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Table 2 Binary interaction parameters between components
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Table 3 Experimental and simulation results of the CO,/H, single equilibrium stage separation

WIEHERE FC P Mpa gt (O T o
WA %  goefr Mmooz SRiE W HIXHRE %

10.00 1.72 92 39 0.141 0.160 0.019 0.92 0.88 4.12
30.00 1.98 92 39 0.182 0.197 0.015 091 0.89 2.57
20.00 2.77 200 39 0.190 0.216 0.026 0.95 0.91 4.67
20.00 2.77 114 39 0.137 0.149 0.012 0.90 0.86 438
20.00 2.10 114 39 0.153 0.177 0.024 0.92 0.89 3.72
20.00 4.30 114 39 0.109 0.109 0.000 0.83 0.81 2.83
20.00 2.77 195 75 0.480 0.466 0.014 0.99 0.97 2.39

23 HESHENS REES 98.550 — s
HUTHE 920 ZIESDMAC Kt —F A | — |,

IR FF 985 9 163 A B BR . o T T

WL BK T 28 3E IS AT 2 A 52 7 300000 m/h - 2534 {94

AR B - AR A B COL SR A R Kl =

(3 L AR AT TR e, o 1"g

IS T 7 S-S EE RO 770 45 2 BP0 50 5 78308 190

BOA W T T A - B 0820, WRE A 98.525]

2.0 MPa, - H 80, [ 7/ 77 0.15 MPa, 5 : 1 ol | | | ¥

0.03 MPa. 7ELLF RS A HT, pAs B4k , oAt s O

VRS S5M8 FH FoR B A .
231 RIS R

16 HU Wi B B AR R E O 525 R AT TR
B AT, RIS, S50, H Bk E S
CO, i 52 28 [ 45 2312 2 5038 O T 389 0K, M # e 4
¥R T 18 )5, H, B Z 5 CO, 4l 5 2 38 K& # ik
D% o 28BN A 0 BRAS , % PR R 2K
18,

E5 EILHEXH,EWES CO,HEZMFN
Fig. 5 Effect of theoretical stage number on H, recovery rate

and CO, capture rate

MRS 7
521 WUE 10 H, [ AT CO, 3 4R 2 1
S, 45 R L EE 6. b Pl 6 T A B RSO A0k
H, [HSCZ2 k)N , CO, i8R 228 K, 3 U T RS 773
KIS 3K T IZ S H, CO, RIS, BRI iR

232



% 4 1) &

%5 . ZIF-8/DMAC 3 & 4 % H,/CO,: #8-F#7 5 I 5 i7 A2 A5 123

5 2 CO, Y[R A5 2 T 32 H,, 3 EUH, [
IS RIS I A B K. I8 H) 1.8 MPa Z )
CO, g 114, WU Ty i A 1E 3 1.8 MPa.

100.0 100
@ { ]
°,
A 190
995}
180
S ES
% 99.0- 470 $¢
= -
L 160
= S
98.5
150
98.01 140
[ ]
0.5 1.0 1.5 2.0 25
W 7 /MPa

6 RUENXH, B RS CO,MEERMFMN
Fig. 6 Effect of absorption pressure on H, recovery rate and

CO, capture rate
233 K

IR B ORE R RIS SRR R AR T T B, 5 58
TR R H, R CO, R AR 2 R0, 45 1 L
K7 HT &7 RN Bl -9 EL A R RIS 0
/NS BB HL 5 CO, HIWR SR 39/ TR H, Rl i
IR CO, LR AN, B 8 B -H it K= 5
it CO, i T Uk /N, - IR b /D 2 39 R JRLARG 24
B, R EFS-HKIL N0,

97.9
{978 _
N
. b
% &
= 4=
= S
T 1977 ©

1 1 1 1 1 1 1 1 1 97 6

30 40 50 60 70 80 90 100 110

e L
E7 S-HRIExH,EWES CO,HEENI
Fig. 7 Effect of gas-slurry ratio on H, recovery rate and CO,

capture rate

234 R E S

52T R T J % H, [ R AT CO, 4 45 R 1)
S, 45 5 UL 8. bl BT 8 T fAR S 788 KA A
T8 AR, T B IR H, 5 CO, M=
/N H, (USRI K 1T CO, 3 SR R8N, Ik BT

i B S8R [RS8 18 b LA B 0 AR s ) i %
0.01 MPa.

98.60 100

H, R /%
1 >\
[
/
2 2

CO, MR /%

192

98.50 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

fi#IRE /) /MPa
B8 MRIRENIH,EKES CO,MERNHM
Fig. 8 Effect of desorption pressure on H, recovery rate and

CO, capture rate

235 B RS
MR LA B2, e 0 E 1 ST - R AR

3 CO AR AT L ZHERESH, R E 3
WRECH 18, W IUE F124 1.8 MPa, S-H EL A 90, 1A
#5715 0.15 MPa, fitW 4 7149 0.01 MPa. {Ei% L
OUN, TEREE 3D EE YR Wk 4. k4
AR, JFURHS (CO, M 51 1) & 43 HUh 40%) 225 IR
PEALIR 5 , KT CO, MU, 154 <t CO, & B
/NE0.60%, H, & H 1 K 22 99.38%. MR UK CO, J5
BIRA NS B, CO MR R ENAS
5 RS, AT CO, & 5N 96.71% I fif I
o IR S XA E 1S, KL T EE %
THL R CO R 5 H, R 43 508 99.11% 5
98.73%-

x4 IZFEEYREE

Table 4 Main stream data of process

B wmE AR ESED /%

MPa  (kmol'h™) ¥  H, Co,
JEEMS 30,00 250 13575.00  0.00 60.00  40.00
NZES 3142 015 387352 030 270 97.00
HFER 3013 0.01 1690.84  4.00  0.01 9599
# 30.00 1.80 8092.10  0.02 99.38  0.60
RS 3072 010 556436 143 1.86  96.71
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Table 5 Comparison of operating conditions between ZIF-8§/DMAC

slurry process and PC process
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f R CO, &5 /1% 40 40 40
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CO,HliE% /% 99.11 51.75 99.09
WA F i 2 B 18 18 18
WS 3 £ 77 /MPa 1.80 1.80 2.30
W AT B4 15 TR, /°C 30.02 30.32 30.17
= WAL B R /°C 34.56 34.78 34.82
;E PEARFEFRE (m* b)) 3369.46 3369.46 6752.93
% [\ ZEHEE /1 /MPa 0.15 0.15 0.15
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R IE K J1 /MPa 0.01 0.01 0.01
R IE IR /°C 30.13 30.38 30.66
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