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Effects of activated carbon packing length in PSA process for
production of high-purity hydrogen
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ABSTRACT : The effects of activated-carbon (AC) packing length on the Pressure Swing Adsorption
(PSA) performance was investigated for the hydrogen separation from the multicomponent mixture gas.
Linear driving force model was used to describe mass transfer between two phases and coupled Langmuir
isotherm was used for each component as a nonlinear adsorption isotherm. When two adsorbents with a
different adsorption capacity were packed consecutively in one bed, it is very important to determine the
packing ratio of zeolite to activated carbon affecting the purity and recovery of the product. The activated
carbon packing length in adsorption tower of 120 cm was determinated by the ending point of CO, con-
ntration. The optimum length of an activated carbon layer was 65 em for production of high-purity hydrogen.
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Table 1. Properties of adsorbent and adsorption bed.

Adsorption bed AC layer  ZMS-5A layer
Bed length{cm) 120
Bed inner diameter{am} 246
Bed outer diameter(cm) 34
Bed density(g/co), po 0544 0691
Bed porosity(-), &p 036 036
Particle density(g/cm), oy 085 1.08
Heat transfer coeffident
(cal/am - K - sex) 26186
Heat capacity of gas s

v 25106 x 10°
(el/g - K) "
Heat capacity of adsorbent

€590 6904

feal/g - K

Zo)E HES Table 1& AME3lglon[s] &8 34
Beje] ol #H7AA ALE NEI}o 2Y AFAE
A =)

3. & 2A}

el 4 & <839 @ WFAM ZIAEY
Fé& 2 FEE 7Y & Uth £AA aw &
g Alztdel gAE d¥oz MR, ndd
5 FICA A AAE A dAdAE T
a2 Afes IFsA fREGe 2ok A4
E a2 el dee #2727 g2
go2 #fY4 RrEvtee S EREH TYd
ZA9 722 FYEd Hokt HoE AL
£7) S8y, AA 21& JAH F el V1A 5
2 2% o] 714 4 Rl EA3E ALY
& 994 4 J59 FF AR A {9y
Q) orthogonal collocation H-g &8 My W3
A3 Aol WFNoE AFINFHT]. A¥ wARY
# Aojg AL LUHEHHA Gear AEEE o
&3 #E 3RS 9714 AHgE ZRaP A
ol FORTRAN 77¢|n =23 th424 712
EHEE BT A% oFF 49 UH2YEFEFR
(PSA) 34E ZAEAC F24Ge) 23 geo] v§
43 & WMo FAFNEL mE IR X
A e} E2AAEL linear driving force {LDF} 2.9
o 23] £HYct

A7 EE Y4383 YZEel-28 AZEF
HellA vdee viztze] A¥HY 24 & 2H2 3
don 13 24 HEL Hy COy, CO € CHyol 32
735%, 182%, 3.8% % 45%c|c}. F+AERH ¥ F2
AF ABE AHEEAN, 4 HE SOl FPLE £9
23 Wie 835 4y 2AF it 22y
o] AYEE AP} EF orthogonal collocation
method®] 4oz Jehies ZA3e] 8213 FHE
AFA 7171 A8t CPN (collocation point number)£
142 2R & FAd =€) 3
cycles] & 5022 o AT ETF A7
Ae FAE W Y FAZ zHA: F2 33

HH7iE M73 2%



130 I

&

E F2AZE 3 PSA FR49M 49 L) A3

24¢ o889 AP BRI £ AFNHE &
s 74 4EE ) FAY U AF 2 L%
SEREF EASE Yo A7)

4. 83 ¥ EE

4 71N JEF g99 FId SoME 4
U @Arziearol vish o] ibaigti e} dige] ol &
A5y AT 474 oJFqAR ek 22X AL
o|E FollMe Fhol vlE Yaserre FA4YS
o] $53tt 2AF G ALSYEE o|FoE
245 olfE BAYLZ ZERAQ odslgis
o} vletg AR ALe}olEod Bt GFRAR]
Al r g 4A §F3 AASS HFHoR F4F
A7) gt} ey F 7R F2A 2ke] $Ay)
g duiz & Ate &4 24229 7469 oA
A £2HYY 2%, oE F o s 99 2
ehxie EelBAe Asol 2A ¥FE vk

Figure 12 & 3shte] @A Zol7} 120em] &
AgolA AEEe] Zolg ALTUC)E F Zo
£ #7 40cms} 80cmZ FHF 7390l PSA FFo)
T8 BAdEHd med F FHAGH &40
W Zold] 2 % 2E L% EXE Yy A
ojt}. 2 ytefl ThE EPWSQd FHSHY (Ph), 98
FEEE (feed rate), 2 A7 Hoje} 45E v}
el = 17atm, 150cm/s, 288KZ2 1 AZE Ae]olA
oo} BTk Fiure 1 (a)) 24 HE FEEI o)A
g2 7 Rl 4%y Zo|rt &o} o)idsieiief
sighe] A€ ol FE3 2 AR B3
o} olge] AgEe|E F7R] LH7IE o2 <l
distgi e Y YoM FRHUG A AY
DA rolling up ¥4 Jehin A2eol|E
zolM Az} st F7HET &7 2 uEEHY Fa
AFe ¢2F golmrh Figure 1 (b)8] 2=74)
g B9, Ve ZE Aol FIRHEN F
o] REFFe Yttt gRoz Q3 FHEH
X T2t vehdoh dagetsd w27} 7h3
2 AgelE REA AFAo] HAEN 229
ol ThA] AP S ¢ Ak &7 TN LG4t

18 e o ks

CLEAN TECHNOLOGY Vol.7 No.2

e Ax Fxrh golglon ol wel &3 2
AEE FolA U= A AL ¢ # Utk

Figure 2 (a) <A 29 #9¢ 3o Ze)7} 60cm
A Aol W@ oln Y WM BF AAH
A REES o] MFVAE AAY A YRETho]
AL E F74x] Deiger} o) Bade 2
AAgr). HE ojdaEgayt dgnct AT o
3 FHHol o AT JulPez F=rt EokA
F34 AAE] AYo) weny HFPHoz ey
ok g JH a5 2 ge 27E Bt g0
2 9ad gagis ALoE S Uy 2
3] F& 3 AAEDh o|F3 FAAE Agse o
A3 FAvlel 7}AESE& ¢ + o} Figure 2
e 2= 2FoM B Jdiger A FE A
Follx e AFEHUoY ALTolE Fog
Eoi7hd Ae RE Aiseirt AAR} o o)y
o] 348 2T F¥o) Yy g

Figure 3¢ B¢ %9 Zoi7} 80em) A $2
g} olitsbgd ) ol YikslgaAE 84
g5 A 25 AR HF e 2y A
Mo £4 £5E 4T F9 Bojrt 60em] U4
A2 Bz} glol B

Figure 4= Z1Zol7} 23 oo AA4E ¢
£ B Polry) Y3l B Fo] ZLo|E 40~
80cm FIrelAMSem ALz AF9 =9 Hiyg
& 2AE Aoltd A= HFY Q) 60em F
2N & neEErh Yo s 53] 65em A7)
AR %2 9.998% 35& 828%E viehwich
e 49 Zol7t 2o wel A Fas
Fed Fi wxy S 2 AIA WAoo}k

ol & Z% BY, Fag WA BFEFA
ol4h3teta Tl 4 AASE AHYo| B F
dPe)s ZAAse 7IE0) 8 # Yem #EEI
3 2t 24 A7EE e 4R 71Eeg @ 3
Helia 7bg FRFe) A $49 #EU HuE
B He HH G FHPe) 4L ey
oh EF 24 Z ol olikzlehie} gkl
€ M2 e 557} geldEiy L5t A, &%
e oz FYHoes & gL s ez B
Ak



west - AUy - A4

3

AC-A layer ZMS-A layer AC-A layer ZMS-A layer
1.0 T T T = 1.0 T T —— T
a) H i / a) H /
c 08 |2 - =08} - .
g T , 8 ——
B os} . Sosl .
= &
@ ] i
2 04} T 3 04+
COy i
Cco
L 1
320 T T
< ‘
1 —
® 310 g
2 305 2305 E
% 300 2 : |
5 295 =
¥ 290 = 200 &___—
285 1 1 1 i 285 i i Il 1
0 20 40 60 80 100 120 20 40 60 80 100 120
Length of activated carbon (cm) Length of activated carbon {cm)

Figure 1 (a) Concentration profiles and (b) temper-

Figure 3 (a) Concentration profiles and (b} temper-

AR-818t3 Aol WEsEs ERNA Fo 2T
¥ v4E 28 A7 Astd 2 cycleo] 97)

e
>

ature at the end of the adsorption step
after steady-state at ACL~40am Ph=17atm,
feel rate=15.0cm/s and T=288k.

AC-A layer
T

T

T

ZMS-A layer
T

| i

20 40

60

80 100

Length of actived carben (cm)

120

ature at the end of the adsorption step
after steady-state at ACL=80cm, Ph=17atm,
feel rate=15.0cm/s and T=288k.

Figure 2 (a) Concentration profiles and (b} temper-

ature at the end of the adsorption step
after steady-state at ACL=60cm, Ph=17atm,
feel rate=15.0cm/s and T=288k.

60

70
Length of activated carbon (crm)

Figure 4 Effect of activated carbon length on the

purity and recovery of H: at Ph=17atm,
feed rate=15.0cm/s and T=288k

5 d &

stepe 2 TAES Ue PSA FHANA Fagk e
e Agelols F4uzt ¥ ZAHed [Ae
FRE AIRAE F39g AEET e FIAR
< e o JHUs ¢F Fdu 2

i

dd71& NT7A N2z



132 DEE $AAZE AY PSA FPNAM AR TRl A

Zol7} 120em)) F-Agol] ket B2AE AF
e ZAR AR 0|2 FET HF AA
HE Ao g F TP ZolF AP g
o] @ 4 ey A Fd Zo] 65em AFHAA
A 59 99.99998%9 344 828%E RHYU.
=3 A4 5 UolN oliidteas didgiE
M2 ABRY &3 BAE Byt

#gaed

1. Ruthven, D. M., Farcoq, S., Knaebel, K. S. :
"Pressure Swing Adsorption”, VCH Publishers
(1994).

2. Yang, R T.: "Gas Separation by Adsorption Pro-
cess", Butterworths, Boston (1987).

3. Batta, L. B.: U. S. Patent 3,564,816 (1971).

CLEAN TECHNOLOGY Vol.7 No.2

. Malek, A. and Farooq, S, "Study of a Six-Bed

Pressure Swing Adsorption Process”, AICHE J.,
43 (10), 2509 (1997).

, Shin, H.,; "Mathematical Simulation of Pressure

Swing Adsorption Cycle with Pressure Equalization,
Fundamentals of Adsorption {edited by Levan,
M E}", Procexdings of 5Sth International Conference
on the Fundamentals of Adsorption, 829 {1996).

. Jang, D. K: MS. Thesis, Hongik Univ, Seoul,

Korea (1999).

. Villadsen, V. and Michelsen, M.: "Solution of Diffe-

rential Equation Models by Polynomial Approxi-
mation™, Prentice-Hall, Englewood Ciffs, NJ. (1978).

. IMSL Library User’s Manual, IMSL Inc. Houston

Texas {1984).

. Yang, J. Y. and Lee, C. H.: AICHE ], 44, 1325

(1998).



