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Abstract A pilot set-up was built to test a novel four-bed pressure swing adsorption (PSA) process with a
hydrogen-separation operation. The new PSA process features intermediate surge tanks, through which
depressurization and re-pressurization of columns are accomplished. As consequence, the coupling between
columns via pressure-equalization is disconnected, and the possibility of operating the process at lower
pressure is provided. A new cycle sequence was suggested for the new PSA process. Operations of
separating hydrogen from a mixture of H,/N;/CH, of molar ratio 60/10/30, which simulated the dry gas
of refineries, were performed on such process at pressures lower than 1. 0 MPa. Process performance was
studied with columns packed consecutively with adsorbents composed of ordinary activated carbon (QAC)
with ZMS-5A, and that of superactivated carbon (SAC) with ZMS-5A for the pressure range 0.4—1.0
MPa. It was proven that a relatively high recovery and as high as 99. 99% of purity of the product could be

realized at low pressures with the new PSA technology.
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Fig. 1 Schematic diagram of new 4-bed PSA process

—& needle valve; —®— solenoid valve; -s»- filter; - manual valve;

LPB—Ilow pressure buffer; FB—feed buffer; P—pressure sensor;

HPB—high pressure buffer; SP—sample port; MFM—mass flow meter;
MFC—mass flow controller; PB—product buffer

Thble 1 Description of adsorbents and adsorption columns

Column L. D/cm 5.2
Column length/cm 47.0
Volume ratio® , HPB 3
Volume ratio, LPB 3
Volume ratio, PB 3.5
Void space of the column QOAC & ZMS 0.75
Void space of the column SAC & ZMS 0.78

Volume ratio of adsorbents, ZMS : OAC 2.5:1

Volume ratio of adsorbents, ZMS : SAC 2.5:1
Bulk density of ZMS/g » cm™3 0.72
Bulk density of OAC/g » cm™—3 0. 432
Bulk density of SAC/g * cm™3 0. 327
Particle size of ZMS/mm 0.5~1
Particle size of OAC/mm 0.3~0.7
Particle size of SAC/mm 0.3~0.7

@ Volume ratio; the ratio of a container volume over the vol-
ume of an empty column.
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Table 2 Cycle sequence of the conventional four-bed PSA process

Bed Cycle sequence

A Ab EQ1 4 ] PP 4 1 EQ4 | BDy | PGV | EQz4 | EQ1¥ FR}

B EQ1 4 FR 4 At EQI4 | PP+ | EQ2} | BDy | PG | EQ24
C BD{ | PGy | EQ2¢ | EQl+4 FR Ab EQl4 | PP4 | EQ24
D EQ1 4 PP} EQ2 4 BD{ PGy i EQ2V | EQlY r FR{ A4

Note: A—adsorption; EQl—f{irst pressure-equalization; PP-—co-current pressure release; EQ2—second pressure-equalization; BD—
countercurrent pressure release; PG—countercurrent purge; FR—final pressurization; # —co-current; { —countercurrent,

Table 3 Cycle sequence of new four-bed PSA process

Bed Cycle sequence

A A4 | 1D+ |20+ [D} | PG4 ENENET
B PGﬁlRleRleR%j A4 JlD{l 2Dy TBD$ ] PG+

c PG | |1RfT£{fﬁ&11 At |1D¢4Tzo¢4lso¢
D A?WiD%IZD; BD | PG 4 JlRtlZRf FFR¢4L7 At

Note: 1D—adsorption column releases pressure to HPB; 2D—adsorption column releases pressure to LPB; 1R—pressurization of column

from LPB; 2R—pressurization of column from HPB.
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Fig. 3 Separation performance of combination
of OAC and ZMC-5A at low pressures
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Fig. 4 Separation performance of the combination of
SAC and ZMC-5A at low pressures
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Fig. 8 Effect of purging ratio (adsorption pressure

1. 0 MPa and varying feed rate)
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Fig. 9 Process performance of 15 cycles

FRBERHRENFNEEBRABHAEFR
FRERE, BRERTENX (2, £4BFER
— N IEEE, WAL BFEA r=1 B F B 17 LM
B RESEE. EXBEeEfE, RRIBENE
BSAEBTRL/4, PRESGEMREH LR
. FEMEEAETER, A KE c=0.75 817
GOz 8

&, EFEGEAEXLD 99. 9% AR T, B
0.4~0.6 MPa /1 T4#4E, ARk 8] 600 LA L
W, 7£0.8 MPa EA TR AT 70%.

@ FARLREEERMSABASTTHN
RERIA A, 7 0.6 MPa [E /7 F#4E, IS4
BEAREF 99. 99U T E B HEATF 75%, £ 0.4 MPa
WRIE R 659 W, FHRMENRZE 0.8~1.0
MPa, BFRM A A ST ERERRE D 80%
EA.

G) MEHLRTERMEENRESH. HE
HEERRTFHEN™RSAE. TEN™HUEL
RIERISHE. S8, R OEEUEE SR
BN MBESHNEE ALV ITERY,
i3 AR EEE (Evolutionary operation) L §&7~
B0 A F W B O BR A 214

# 8 % W

N—PSA fiB R &N E
L—— RS MO ELENFE], s
t.———"~ PSA F AR FELERS ], s
t,——WERH L REREEE, s
PERENFERE

T

References

1 Yang R T. Gas Separation by Adsorption Processes. London;
Butterworths, 1987

2 Skarstrom C W, US 2944627, 1960

3 Fuderer A, Rudelstorfer E. US 3986849. 1976

4 Malek A, Faroog S. Study of a Six-bed Pressure Swing
Adsorption Process. - AICRE J., 1997, 43 (10): 2509—2523

5 Cannon ] S. Hydrogen Vehicles Programs in the USA. Inz. J.
Hydrogen Energy, 1994, 19 (11),; 905—909

6 Ruthven D M, Farooq S, Knaebel K S. Pressure Swing
Adsorption. New York: VCH Publishers, 1994, 235

7 Ruthven D M. Reportof PSA Discussion, Proceedings FOA4.
In; The 4th International Conference on Fundamentals of
Adsorption, Kyoto, 1992, 787—793

8 King DL, Bochow Jr, C E. What Should an Owner/Operator
Know when Choosing an SMR/PSA Plant? Hydrocarbon



http://www.cqvip.com

| gog httg://www.cgvip.coml

TR R AEL. FRERMEFTEERKIZMOLRHR o 645

Processing, 2000, 79 (5): 39—44 16 (7). 502~-507

9 Annual Refining Report, Hydrogen Recovery from Fuel Gas 14 Ye Zhenhua (#E#4). Separation Processes by Adsorption in
Can Help Meet Refinery Demand. Oil & Gas Journal, OGJ Chemical Industry (4t T W& Bt 2 & & # ). Beijing:
Special, 1993, 91 (12). 60—63 Petrochemical Press, 1992

10 Pacalowska B, Whysall M, Narasimhan M V. Improve 15 Li Ch, Bian Sh, Zhou L, Guo W, Zhou Y. Experimental
Hydrogen Recovery from Refinery Offgases. Hydrocarbon Study on the Performance of a Novel Pressure Swing Adsorption
Processing , 1996, 75 (11): 55~—59 Process, Proceedings. In: The 3rd China-Korea Conference on

11 Qiu Changchun (Ff# #), Wang Ruisheng (E & 7)), Li Separation Science and Technology, Hangzhou, 2001.
Chuanhe (ZEf£#), Liu Jingkai (X| & F), Fu Qigui (ff B 385-—389
#). Manufacture of High-purity Hydrogen from Hydrogen- 16 Bian Shoujun GHFZE). Studies on a New 4-Bed PSA Process
containing Industrial Flue Gases. Cryogenicsand Special Gases for the Manufacture of Pure Hydrogen: [thesis] (i 3).
(ERBRS#HS), 1999, 4 37—39 Tianjin; Tianjin University, 2000

12 Zhou Li (J@ ¥ ), Zhou Yaping (A ¥ ¥ ). CN 17 Waldron W E, Sircar S. Parametric Study of a Pressure Swing
99106859. 9. 1999 Adsorption Process. Adsorption, 2000, 6: 179~—188

13 Teng Yancheng (B #& # ). Recovery of Hydrogen from 18 Gong Zhaoyuan (3% % JG), Wang Baolin ( £ £ #). CN
Methanol Flue Gas by PSA and Its Cost Efficiency for Industrial 1069708A. 1993

Application, Petrochemical Technology (f it T.), 1987,

(MeSzR! EAGENEEEUEEAES” By

HEMEFBREROBE, AEBFINEEREERNEHEEA, BEA ML TR EE
WS, PEAMMAET LHSKSEASM DA ST A AY T BRI T “ESMEFR
BEEBIRETES”, URBEIMUEB B EEN LR

BE, E2ZHTEALDE. BEER. HEAM. BEMIAMGLET LR ERHRARAR, 28 E
THEEAKREZLAZAKABAEME, TAGTEAABELSKEMWEBMLE. ESF A 200342 A
REREFT, 720034 3 A 28 HARKWAMAL LT —M=KBEE L EHT T HEMED.

£ W 2003 £ FHAEMNPERERED

HPEEAFRIFALOFTLMRMBEAMAF (CMP Information) FHFEFHh. FHEEEERE
WHBRAR DN “20034F (FE=/) tHAHWBFEMFPER” (CPhl China2003) ¥ F 2003 4F 6 A 17~
HE LB KRSREDCRERST.

AEBLSERIL 2002 EFRSNWMT 30%, % 16000 FH k. MEAKAEEH, H. XH., &
H. B, BHF. BAH. &L, MPH. FNE., PEFEE 20 ZMEXMNBEX KN 100 KEXEHI S
REF 360 EXREANSEBRESRE.

SRR EL, FERSKMRT 055 kTS MHTREAAS, BEERFLEERXMLLA
+, Bg% “RHNARTVAFMER TEREHF, bR ALRSEBEE A2 EBT LB

(#HH “PRATZER)



http://www.cqvip.com

