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Abstract— An experimental and theoretical study was performed for bulk separation of H/CO(7/3 vol%) mixture by
one-bed and two-bed H, PSA process with zeolite SA. The results of two processes were analyzed by a model involving
energy and momentum balances with the LDF model and Langmuir-Freundlich isotherm. H, product over 99.9 % purity,
which was not attainable using one-bed PSA, was obtained by two-bed PSA process and the recovery of the two-bed PSA
process was improved from that of one-bed PSA process. Through PSA simulation, as the feed rate was increased, the in-
crease of recovery in the two-bed PSA process was higher than that of the one-bed PSA process, while the decrease of pur-
ity in the two-bed PSA process was lower than that of the one-bed PSA process in the range of high purity. Therefore, it
was found from the investigation of purity and recovery that both purity and recovery in the H, PSA process could be in-
creased by the pressure equalization step.
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Table 1. Equilibrium parameters of Langmuir-Freundlich isotherm
k, k, ks k, ks K,

H, 431 -0.01060 0.002515 4582  0.9860 43.03
CO 506 —0.00905 0.001137 1617.0 0.5245  256.5

Table 2. Characteristics of adsorption bed and adsorbent
Adsorption bed

Bed length 1=100 cm
Bed inside radius Rz;=2.2cm
Bed outside radius Ry,=2.55 cm

Wall heat capacity
Bulk(bed) density

C=0.12 cal/g-K
ps=0.795 g/cm®

External void fraction e=0.315

Total void fraction 0=0.76

Adsorbent

Pellet size 4-8 mesh(spherical)

Average pellet size R,=1.57 mm
Pellet density p,=1.16 g/em’
Heat capacity C,=0.22 cal/lg-K
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\ RTD
{ Feed
Tank |
jﬁ | —— RTD
|_RTD
MFM
Feed }{
_D »d

MFC

MFC : Mass Flow Controller MFM : Mass Flow Meter
PT : Pressure Tranducer BPR : Back Pressure Regulator
RTD : Resistance Temperature Detector

Vent

Fig. 1. Schematic diagram of a two-bed PSA system.
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FP: Feed Pressurization, AD: Adsorption, DPE: Decreasing Pressure Equalization,
DP: Depressurization, PG: Purge, PPE: Pressurizing Pressure Equalization,
CcDP: Cocurrent Depressurization

Fig. 2. Cycle sequence of (a) one-bed and (b) two-bed PSA processes.
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Fig. 3. Effects of adsorption pressure on H, purity and recovery for
one- and two-bed PSA processes.

2538 M3sA M4z 19974 83

w713} - o] 33}

F2 o3} PF ulS WsiA7|aA 24 A5 A Bga & 4 9l
AT 59 3489 WshE Adsjugict

4. Z1 Y TF

4-1. B3 ool g

3 ol TR viXe d¥e AR Hsk 022/
minZ G3HF3E T AAA F3 HH S el 42 AY
éil—i— Fig. 3] viehfigict. o714 A2 o] ollA A3 84 =

AL o]83lo] A BARE Aot 3 HYRFY Ao & o] 43}
€ BYEY Atolle F2 o] 2845 A B et £
Ao &2 ot z2v FANHL FAHY oA 2wt A7
ol dleme A9 FAMHE FIhe o] Fosict =¥ AHF
7t B £x29] 7t Aol A2l b 2r] el A
F3 S ) e 8 AP 2L 7184 AYE o}
g} 53], 2 Flshe Al A2 o AIshs FuE ]
el o= Ax9 g4 ] 2o 7 Axr) WA
< #lshe Aol uiAsich A¥ AT = & 5= Q%] D
PSAZA ] 7-F-olle AFHH Hellx sHHe] 5713l wet cha <
T 37t FelE Holx glont, F ¥ PSATA S A-feolli= Akl
A Ao meA ¢xr7b F718k5 o 10 atm o) Ade] =W ﬂ"
TE9} ¥)5g 30 Vel vldel] Dalsk PSATA L] AS=

o E2 Y, 5 Y 14 am oladola T2 Ashr} viehd Zi—i
Balth B, $99) BAESE ulae e ol T glon A

Ho g gt PSAZA S 5= = ¥ PSATAS o )3l
$3-2 & 5= Qi) ol ddst PSATA ] A 7to] e A &
fdgle] & = 9JA)vt, T2 F & PSATAY A% ¢ g3} A
9] E9]02 qldle] L £59 7|42 FE IS {5 e
2 Akgsc). o]l Falre oheAd o oAl g Aolth
uhol, 3]582] 795 ol ZUI3tel we} ZigtetA oA ¥
A= 71A7F BolR 22 3480 F43] XAl Hr}. Fig. 30l
2 QlRe] F A sle] Ao} %ol ulshe] nr} dA st
=3 F & PSATAL g PSATA | vjslY] 35-go) Hou,
] AT A P53} DAY £9]o2 3F ARH] BEAE
7147} dgtel] wlsled 47| wfolct. aalw F3 go] Zr13t
ol we} k53] v o FuAA et & 5 et

105 100

- 95
w0+ R

7
95 l
n Two-bed ® . __.

80 ~ 80

Expt. Pred. - 90

One-bed A

{
b
(4]

85 N —-~75

S~ - 70
80 Y
8 e
A
75
\ 6o

70 ! i i i L il 1 55
000 05 10 15 20 25 30 35 .40

H, purity (%)
/
/
H, recovery (%)

Purge rate (//min)
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Fig. 5. Axial profiles of H, in gas phase at the end of each step for
one-bed PSA process.
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Fig. 6. Axial profiles of adsorbed amount of CO at the end of each
step for one-bed PSA process.
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Fig. 7. Axial profiles of H, in gas phase at the end of each step for
two-bed PSA process.
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Fig. 8. Axial profiles of adsorbed amount of CO at the end of each
step for two-bed PSA process.
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Fig. 9. Effects of feed rate on the performance of one-bed and two-
bed PSA processes.
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: cross sectional area [cm’]

: Langmuir-Freundlich isotherm parameter [atm ']
: heat capacity [cal/g-K]

: mass axial dispersion coefficient [cm’/s]

: thermal axial dispersion coefficient [cal/K - cm-s]
: Langmuir-Freundlich isotherm parameter [-]

: pressure [atm]

: adsorbed amount [mol/g]

: Langmuir-Freundlich isotherm parameter [mol/g]
: volume-averaged amount adsorbed in an adsorbent [mol/g]
: average isosteric heat of adsorption [cal/mol]

: radius [cm])

: time [s]

“wo@lfﬂ'ﬂ:’xpgow}

Tew : ambient temperature [K]
T  :pellet or gas temperature [K]
u  :interstitial velocity [cm/s]
h  heat transfer coefficient [cal/cm’ K -s]
y  :mole fraction in bulk gas phase [-]
z : axial position in the bed [cm]
Jz2jola 2
o :total void fraction [-]
€  :interparticle void fraction [-]
p  :density [cm’/g]
M :viscosity [cm/g-s]
€ :mass transfer coefficient for LDF model [s ']
YHXL
* : equilibrium
SI&X}
B :bed
i : species i
p  :adsorbent pellet
g : gas phase
s : solid phase
w  wall
A2
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