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Study and demonstration of H,/CO, separation of syngas from coal by elevated

temperature pressure swing adsorption
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(1.Key Laboratory for Thermal Science and Power Engineering of Ministry of Education ,Department of Energy and Power Engineering ,

Tsinghua University , Bejjing 100084 , China ;2. Shanxi Research Institute for Clean Energy,Tsinghua University , Taiyuan 030032, China)
Abstract : Purification section of syngas from coal is located after water gas shift to remove hydrogen sulfide, carbon dioxide as the
main gas impurities and obtain high purity hydrogen. At present, the mature purification processes include wet method represented by low
temperature methanol scrubbing and liquid nitrogen scrubbing, and dry method represented by pressure swing adsorption decarburization.
The operating temperature of the elevated temperature pressure swing adsorption technology proposed is consistent with the temperature of
the incoming shift gas. Self~made hydrophobic nitrogen—rich activated carbon adsorbent was deployed to achieve desulfurization and carbu-
rization by increasing the traditional pressure swing adsorption operating temperature to 170-220 °C and high humidity environment. Two
new PSA steps, high pressure steam rinse and low pressure nitrogen purge, were adopted to improve H, recovery to above 99%. The ele-
vated temperature pressure swing adsorption H,/CO, separation demonstration with a processing capacity of 5 000 m’/h (standard condi-
tion) was built and operated using coal based shift gas from Quanji Plant as the feedstock for the pilot plant. The purity of hydrogen reaches
the hydrogen fuel level (including N,) through two—stage ETPSA, and the pilot plant has been running for more than 2 800 hours in total.
In addition, the energy consumption of the pilot plant was calculated based on the utilities expenses. When taking power consumption in-
to consideration, the operation cost of H, purification for the pilot test can be significantly reduced by about 35% compared with the pow-
er consumption of H, purification by low temperature methanol scrubbing at Fengxi Plant. This technology breaks through the limitation of

temperature of conventional adsorption and purification for solid adsorbents, and realizes directional removal of impurities in hydrogen by
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using adsorbents with preferred selective adsorption performance at elevated temperature, which confirms a new process route for efficient

and high—quality hydrogen purification.

Key words : hydrogen production from coal; hydrogen purification; elevated temperature pressure swing adsorption ; activated carbon; on—

site demonstration
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Fig.1 Flow chart of ET-PSA H,/CO, separation pilot test
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Table 1 Flow chart of ET-PSA desulfurization
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Table 2 Flow chart of ET-PSA decarbonization
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Table 4 Volume fraction of NH, and H,S
A g B 1% A G
. A% pIE ke kS
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NH,4 0 0 0 0 25 17 11 36 131 157 185 Hij:199 0 0 0 0 0
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H,S 0 0 0 0 0 39 0 0 0 0 0 0 0 0 0 0
W 5
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Table 5 Volume fraction of NH, and H,S in another time
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Table 6 Content of each component measured by chromatograph

o~ oK CO, R R R N, AR CH, A CO &1 H,S
SR % RS % IE % SEU % I3 H % Sy 8/107°
FES 1 39.49 0.120 0.740 0.860 0.310 2112
2 38.67 0.120 0.760 0.860 0.170 2112
I 1 2.811 0.142 6.092 1.177 0 0
2 0.733 0.154 5.919 1.021 0 0
BB ik 1 38.35 0.310 1.420 0.590 0.004 2 230
2 38.37 0.120 0.710 1.720 0.690 1354
— BB B 1 93.45 0.230 2.220 0.940 0.060 0
2 90.71 0.410 2.770 1.250 0.070 0
A 1 0.07 0.220 1.610 0 0 0
2 0.05 0.270 1.650 0 0 0

x7 BFASFESTIKER

Table 7 Content of each component measured by analyzer

» H, & CO fAF CO, 1AM
WiH "
D % DE % U %

JRBHS 48.0 0.5 33.2
ML 91.7 1.3 3.5
— B i 3 ik 45.6 0.4 33.6
B T 2.5~7.0 0.2 54.8
TR 99.8 0.1 0

2.3.1 HAEIHEER
a2 7T (8], % DRSO T3 AR
98

PR3 HEA T R I RS, A4 DL A AR ORI
FACEORLE 1 A0) 0 i SO A 0 £ 25 45
WA A, 4 TP IE R iB17, Hri AR K
W R A Ly AU JE NH, B H,S 75 7hT 10
107, FP R AR FEWE B RN B T A TG H,S iy,
B AT £ A RAE I A T SR 53 BT AU
W HARBVEC, Y7E 99.9% 247, Hik e s 171
], At —2E A 7= AR 1 00 S A 43 B o f
ARG L, LR 7 i Sk 250 = 7 Rl Az &35
R 8, 4R LB H, BRI 4
0.66 umol/mol\Ozﬁﬁﬂ/ $<0.5 wmol/mol He N
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S8 114 wmol/mol  Ar R F13%1 9.3 pmol/mol | N, N
FAr82 553 wmol/mol ,CO, AR /3%4<0.3 wmol/mol |
CO 1K B 7 < 0.1 wmol/mol, H, S & F 73 %
<0.000 5 pmol/mol , < Z A FH 43 %1<0.01 pumol/mol |

NH, A F3%50<0.03 pwmol/mol , F1IERIETTHEASE] H,
4l 4999.987 5% ( FAMAN,) , AU 2 A A,
HL# 2 GB/T 37244—2018( J5i 38 e IR} Ha b 75
ZERIRRE ) SRR ] SR

RS EBEITFRSENER

Table 8 Test result of product hydrogen

ivalllECE R/

A (pmol + mol™) (pmol + mol™") i
SR BeT) 0.66 0.5 GB/T 8984—2008( A& — & fkf . — AALBRANBR S & W INE SR ERS)
0, — 0.5 GB/T 6285—2016¢ M it M I sE ML A%
He 114 5 GB/T 27894.3—2011{ KR 7E—E A E BE T AR IS E > 26 3 7843
PRI AT 2 S A R B2 G 1R 2E)
Ar 9.3 0.5 GB/T 3634.2—2011{ &K 4 2 #47  2i A R ai B ali =)
N, 2553 1.0 GB/T 3634.2—2011¢{ &K 26 2 #4r  AiA R Al S A 4l &)
Co, — 0.3 GB/T 8984—2008(¢ Lk — 4 flti . S LB ABR S S mlllE “UH @)
COo — 0.1 GB/T 8984—2008( KM — LAk , — FALBRABR E AL AN E S A5
SR ($¢ H,S i) — 0.000 5 GB/T 14678—1993( %5 S Bkt B fb %l A  HBR A — H B Ao SO vk )
NH, — 0.03 HJ 533—2009¢ #hdezs MBS ArIIsE 99 IRl 2ot )
S (F K 0.11 0.01 HJ 27—1999¢ [ & 15 YR &AL E e BT R 70 6 :)
B

2.3.2 HEKRHHEER
BLLA 1 d A A s sk 18] 5 8 Sk ), 2021 -
10-10 iCRE5 R W 9, 5 4 h SREEDK 11k,

B d b s WIS H, WSy 2 K 3
B17 1AM R 1 DR 286 45 2R B4 5 L, R H ARG
11 99% .,

x9 ikiEfT H,EH
Table 9 H, yield calculation of pilot operation

JERF, TS, A

H, [l

et 21 itk H, IR itk H, R Tt/ H, 1R %%
(m® k™) R % (m®-h7") I % (m® - hh) IYH %

4.07 6 061 36.5 1524 73.7 1 100 99.7 1004
8:11 6 063 36.0 1501 76.0 1 081 99.8 102+4
12.09 6 134 36.5 1539 78.2 1 007 99.8 99+4
16.03 6112 37.9 1524 75.1 1 096 99.7 97+4
20.17 6193 36.9 1519 70.3 1 106 99.8 95+4

2.3.3 HERFEZHHEER

T H, BICRIRERT f, L f | fy e o Bl o P
PIES 501 078.0 .1 521.4 .6 112.6 m*/h (bR TF)
F110.998 .0.747 F10.367, fLAREITRZE N 1%,
SAHAR2E R 2%, BT LA fiR 250 1%, WK
BE e IRZEN 2%, T2 Ay A Afy Ac, Al Ac, 7351
9 0.01f,.0.01f,.0.01f, . 0.02¢, A 0.02¢,, 1A
(2) 153 H, MR 2E R £4%
2.3.4 WIEEERM H,/CO,0 & AT

rhi s B 2021-08-26—2021-09-07 iz 171 [A]

(24 h HEEAEWHETT) 2 F T AR CEE UL 3R 10,
8 hic st/ I TREIHFEEUA , DAL A A% SRR | °F
Y45/ N L KR 64.3 kKWh; H R 7875048 1 fI0E N, A&
FBUECH 149 m’ (FR T ) 5 {03R25 R 33.5 m* (Bl
)

I e, thikig i By ks 7 A 2
0.051 kWh/m’ ( FZENEZS FHFE) ML FE 5 7B
] AR B H AL L FE 0.079 kWh/m® (2L
hy 32 A T3 B A R FLRE ) T LAY 20 ks AT
AL 35%

99
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F10 HiXAAIRERE
Table 10 Utilities expenses of the pilot plant

H A i 21 fRE NH i FE R /m® U2 SN HE L /m3 VAR L AR/ kWh
15:00 623 141 2 143
2021-08-26
2300 1167 236 4 342
7:00 1356 296 3 454
2021-08-27 15:00 1456 260 4 417
2300 2137 252 3 477
7:00 1567 260 3 465
2021-08-28 1500 1300 249 4 449
2300 1373 248 4 454
7:00 1413 262 4 448
2021-08-29 15:00 1186 230 3 444
2300 1025 229 3 443
7:00 1635 246 4 490
2021-08-30 15:00 1620 253 4 484
2300 1126 268 3 483
7:00 990 253 4 457
2021-08-31 1500 1033 266 3 505
2300 1053 253 4 446
7:00 1025 258 4 484
2021-09-01 15:00 1021 235 3 448
2300 982 252 4 494
2021-09-02 23.00 1320 209 4 527
7:00 899 238 4 478
2021-09-03 1500 1038 268 4 541
2300 1213 254 4 430
7:00 687 267 4 477
2021-09-04 15:00 876 150 2 478
23,00 908 227 3 463
7:00 904 239 4 475
2021-09-05 15:00 921 245 3 478
23.00 954 237 4 478
7:00 759 285 4 488
2021-09-06 1500 821 263 4 531
23:00 724 238 3 452
7:00 798 290 4 489
2021-09-07 1500 648 259 3 463
23,00 292 167 3 409
12 d Bt 39 428 8 854 127 16 972
V¥ HIHAE 3 584.36 804.909 11.545 5 1542.91
S48/ IN I R 149.35 33.54 0.48 64.29

s x w )BT N, FEUE N, R T L TR
= . AS R AL T B HWCR 3 999, LA F 2 5 A
1) TF% T2 B T 75 5 LT P A ) S B D2 SRR A, 45 T JRURE AT A 0

FAE e A ek, BT A B U-80C-N-550 7£ 5000 m’/h( R8T ) B H R AR R H,/CO, 50 B
200 °CF CO,MBfH AT % 1.197 mmol/g, I 523 T 5 IR0 Ae B, SCE TSR WL SR,
KFESETHET CO,MEFIRR, BiHa17af I 2 800 h, Z858 —Jr kil 3 ik v il
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AR B P, H, 400 75 99.987 5%, £ €O, . CO,
H,S NH, 5525 55k B2 17 AR it U SO AR TR

3 MRAE IR 12 d HLLE TR, ol S B FE
LA IR F VAR 35% , e ARG B2 ANSCR S48 T 80
AT BEE , BIE T PR T AR AR i Tl ]
b R gk

) ARFARITE T REIRAL T SL 5 AR AL
T DX (] (e Tz A7 3k DX 0 30 S o B
(ARl KR B SRR R AR ) | AT G
LT B #  Ffeide ik T2 3R  BRAR L 5 2 4
BENA A EALIZ T AR, A, TR e I R
ARFTE [ R H, ok B 2055 44 T, Bk H e 2
H B 13 7 %8 iR AR i W B SR v Ak B R
XL T ARG A T2 58 B kL H, AR
EARM R REAEERZ L,
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