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Abstract— Process performance of a multi-bed pressure swing adsorption(PSA) process to simulate a countercurrent
flow of adsorbent for separation of a binary gas mixture was analyzed theoretically. A multi-bed PSA cycle was simplified
to an one-bed cycle in order to reduce difficulties in simulation. Material balances were formulated in gas and adsorbent
phases under the assumption of linear isotherms for components and isothermal operation. The mass transfer within an ad-
sorbent was described by linear driving force model. The system considered in this study was nitrogen production from air
by carbon molecular sieve. Process performance was examined in view of productivity and recovery, and was related to
the fraction of bed utilization for oxygen. The effect of complete and incomplete regeneration during a purge step on per-
formance was investigated respectively. Process performance increases or decreases as the number of bed increases de-
pending on the operating conditions and has a close relation with a fraction of bed utilization for oxygen.
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Bed 2 A2 A2 Az A3 A3 A3 B Py 1 1 P 1
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Bd6 B P, I I P, I 1 Ps Pr A A A

A2 A2 A A3 A3 A3

Step designations:
A; = first high-pressure feed step
A2 = second high-pressure feed step
A3 = third high-pressure feed step
B = countercurrent blowdown step
I = idling step
= first countercurrent low pressure purge step
P, = second countercurrent low pressure purge step
= third countercurrent low pressure purge step
Pr = countercurrent product pressurization step

(@)
Bed A3 B P P, P3s Pr A Az
(b)
Fig. 1. (a) Step sequence of 6-bed PSA cycle. (b) Step sequence of
one-bed cycle obtained by simplifying a 6-bed PSA cycle.
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Table 1. Parameters used in simulation[9]
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Feed composition

Feeding pressure

Purge pressure

Length of each bed(m)
Cross sectional area of a bed
Bed porosity

Temperature

Bulk density of adsorbent
Ko

Ky

ko2

ky;

21% 0, 79% N,
3.03x10° Pa

1.01x 10°Pa
2 bed:0.35, 4 bed:0.175, 6 bed:0.1167, 14 bed:0.05, 18 bed:0.0389

9.62x10 “m?

0.4
25°C

592.6 kg/m’

9.25X 10 *(mol/kg of solid)/(mol/m* of gas)
8.90% 10 *(mol/kg of solid)/(mol/m’ of gas)
0.056s™"

0.001755s "

1.0X 10" *m%s

120s*

60s*
Ss

*for the case of complete purging.

2 gtellA Wz 2 w3lEgdcha ®wopch

TAAE HAGFA| 2] A= R d8g %3}
= glo] o ¥-2f FA A A Ak 7 sl AeEde
s rh1-5]. o) AL PSAZA NS AZARA] A FES
w9 o] A 5 glont v &E2 gl Higelr). B i
A AT Ao vt S RAFER] Felslr] ¢ske] 1
AL B go] A AT 9] HAje Aol 5 x2 g
AAE o AN EE ASTFER ST R o 4SS 3
Aslsdeh. A DA N sm]= R P T b P
ot ek AR oA 7] AR A T AR Bl A =3k
Aol ZpolAe] glch A AS AAFA e z3hd FARS
HAREL7] QlBke] SfHea] m2o] F715 o]g-sle A AR 4
ot ZAFA A = Ak A EQ AARE o]g3le] A Yste
2 A Are] AMEERE mEshd Aol 2 AelE Y 5 )
ch. wpebr] B =79 SEEelde AAAA A ArargeFe 5
g A5-& 3 22k

Fig. 2= 2E tlgholld u3hl8 THAE 6022 7A435)9le
B4 Aol Fd BFAAD AR AME w9k FAolch

T
Are

140 T T T T T T

symbol bed

120 b 8¢ B
C 6
)] 14
E o E 18
or \ |
\ D\
E.
\C -~

>
o

Product productivity x 107
(mol/kg cycle)

80
D
B

60 - B
A

4_0 i L 1 L L 1 1 —L

91 92 93 94 95 96 97 98 99 100

Mole % of N, in product

Fig. 2. Productivity vs. product purity at the high-pressure feed step

duration of 60s in case of complete regeneration.
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Fig. 5. Fraction of bed utilization for O, vs. product purity at the
optimum high-pressure feed step duration in case of complete
regeneration.
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No. of beds t(s) tp(s) tp(s) tp(S) t(s)
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18 20 2 16 2 2
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Fig. 7. O, concentration profiles along a bed at the end of pressuriza-
tion step in case of incomplete regeneration(product purity=
99 % N,).
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Fig. 8. Fraction of bed utilization for O, vs. product purity for the
step duration in Table 2 in case of incomplete regeneration.

70 T T T T T T T
60 b
50 T
128
> 40 b
~
)
3 |
) 30 -
0‘2) symbol bed
A 2 |
ZO [~ E 4
[ 6
D 14
10 E 18 b
1 1 1 L - i Il L

0
91 92 93 94 95 96 97 98 99 100
Mole % of N, in product

Fig. 9. Recovery vs. product purity for the step duration in Table 2
in case of incomplete regeneration.

28 vehd Zelth Yo AERE BAE dHERE A}
oo B)gAtel7} vIvlsht £Esb Eold4E §47) 2 e
R Hg-go] o 2 4 glvk. o= e AHEH e A
47 AAA A7k B o] §59%E Aol F]dw.

.2 B

SE2ely PSATAO B4 FRBFENE FTE oA 2H
& A g5l AABAE Bl 5 2oslolch 2 A7ol4 12
2 AL BERAAE olgale] T2 AxE AAele % 90]
oh B4R SRS She A4 el Aste BAah gt
Z7hhE S PSRN B47h o= ol Z1sR %%
4 A vl 349 B9 SRR A6 A4
EAXANEL 7T LLAA A AL = )
A% B 99 FUT AFE mch e ew el
H537tel B Y Eo] AeE A9 ez et o] A%
GRS DL AATF A EE TS QA 23 2ol
ehadeh mebd TRErks GabA) el sslel o)a $H5E £}
o] olHo] glolAlnh. BB N Hol S-EL $HT A3,
Fol 4ol A% WAT VWAL uolFo] Pazrl mE
AFHIE GREF B o8 Hol 489 2w oz 5
g % ek

ALEI1%

: concentration of sorbate in gas phase [mol/m’]

[SXe)

: axial dispersion coefficient [m?/s]

: mass transfer coefficient between gas and adsorbent [s7']

: slope of equilibrium isotherm [(mol/kg of solid){(mol/m’ of gas)]
: bed length [m]

: pressure in a bed [Pa]

: concentration of sorbate in solid phase [mol/kg]

: gas constant {J/mol K]

: absolute temperature [K]

- H e YR

: time [s]

<

: interstitial gas velocity [m/s]
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z : axial distance [m]

az2|0|A 2X}

€ : bed void fraction

p  :bulk density [kg/m’]

SRt

A :high-pressure feed step or fast adsorbing component

B : countercurrent blowdown step or slowly adsorbing component
i :AorB

I : idling step

P : countercurrent low pressure purge step

Pr  : countercurrent product pressurization step

# A

o] = 19974 % I=sheAlgAe] FRIA ]l 25t

of Q7531 0m ool ZHAREIc).

85145t M36A Hl6= 1998 128

[« RS V]

o

e

Il

. Culp, R.L. and Culp, G.: “Advanced Wastewater Treatment”, van

Nostrand, New York(1971).

. Lawson, C.I. and Fisher, S. A.: AIChE Symp. Ser., 70(136), 577

(1973).

. Svedberg, U.: Chem. Engng. Sci., 31, 345(1976).

. Klaus, R., Aiken, R. and Rippen, D.: AICKE J., 23, 579(1977).

. Liapis, A. and Rippen, D.: AIChE J., 25, 455(1979).

. Ortlieb, H., Bunke, G. and Gelbin, D.: Chem. Engng. Sci., 36, 1009

(1981).

. Villadsen, V. and Michelsen, M.: “Solution of Differential Equa-

tion Models by Polynominal Approximation”, Prentice-Hall, En-
glewood Cliffs, NJ(1978).

. IMSL Libary User's Manual, IMsL Inc., Houston Texas(1984).
. Hassan, M., Ruthven, D. and Raghavan, N.: Chem. Engng. Sci., 41,

1333(1986).



