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Abstract — Adsorption experiments for H,, CO,, CO, and their binary mixtures on zeolite SA were performed by static
volumetric method. Experimental data were obtained at temperatures of 293.15, 303.15 and 313.15 K and at pressures to
25 atm. The parameters obtained from single component adsorption isotherm. Multicomponent adsorption equilibria could be
predicted and compared with experimental data. Langmuir isotherm, Langmuir-Freundlich isotherm and Dual-Site
Langmuir isotherm be used to predict the experimental results for binary adsorption equilibria of CO,/CO and H,/CO,
on zeolite SA. Dual-Site Langmuir isotherm showed the best agreement with the experimental results.
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Table 1. Characteristics of Adsorbent

Zeolite 5A (W. R. Grace & Davision Co.) Value Unit
Type Sphere, MS 521
Nominal pellet size 4~8 mesh
Average pellet size 1.57 mm
Pellet density 1.16 g/em?
Bulk density 0.764 g/em?
Heat capacity 0.22 cal/gK
Bed porosity 0.36 -
Total void fraction 0.77 -

Korean Chem. Eng. Res., Vol. 44, No. 5, October, 2006



462 Qe -

oldR FHEYHE o537 A8l &3] AHE-H = Langmuir,
L-F isotherm 1 o]&A}] Faj|of| = -6 12]0] 71ekalal o
=7do] 9=rate] slehu]E|7} War Ao] B33 IAST BElo]u} VSM
et o go] ARgE x| gk DSL B8k IAST F2o|u}
VSM Bdl#} o] e 520 sl E 7L QAR 1 Fejzt

71%8] Langmuirs} fFAKste] =2]o] 34814 ¢kal of|So] +19] 3
Y F2E cEehe=t] v B &) 7|ujE= Belol).

KRR

3-1. .E_xbcl al .E_xkx-"

o] Aslol A AREFE HHAL 7k7} Hy(99.999%), CO99. 9%)
CO5(99.9%)°] =% 99.9% ©1V3R) &= 71A1E AHE-3IIT. F2HA]
+ W. R. Grace & Co.oA AAFe Zeolite SA(4-8 mesh)S AF%-O}
ek Ao AREE = S2A Zeolite SAT 593.15 K2 furnaceel]]
A 22A7F Bt AFE 3 T drying vacuum ovenollA] H3s| A}

3k F2A412] 5492 Table 10 vERASICH

3-2. A FR|

Fig. 10]] 2] FuPis o83 23 A X5 el
o o] AAE olgale] TN W EFAe] FAYY 1YL A

Al&kict. Loading cell®} adsorptlon 06119] Fy)i= Z82) 522,735 ml,
521.615 mle|H] AFow FuE ST A4 2Rl WH=

1/8 in stainless steel tube®} 1/8 in ball valveE ARSI A4
< HAasEok XU =59} 9F8> K-type thermocouple¥}
pressure transducer(Sensys Co.)5 &3l S43IAtt. T3k, Mobile
Recorder(MV100, Yokogawa Co.)5 ARg-31o] AAAIZE 1202
dlolElE A3ich WE el AdEiels: et A= g
Z(SWB-20, Jeio tech.)2} “YZ}7](RBC-11, Jeio tech.)5 Al4-3}0]
T2/t FAEES Sl £33 AFA 71A124 S TCD

H oW =21 AT
7} &2E GC (Gas Chromatograph, HP-4890D)% =7 3} th.

P9 - A

Aed - Hol

Column Carbonsphere 80/100°% %% ¥ 60 cm Columns ARE-3)
o A5 A3 = 6-Port injection valveE AX|kar, F-2Hx] 9}

1/16 inch tube® AZAdt] 280] A BT HZ'%}O% AT

33 A Uy

Hy, €O, €O, - Zpzhe] wbg sl Eapdlel Ay e
o At 3 2 1Y A A WA ¥ PEE ol
3 loading cell?} adsorption cell 2 73] LH“?:EL 237dE=E A3}

o

Oﬂ‘:]' AgArfzlo] & & WlHE Ao |oading cellol] U7gt= 2]
B IAE A9 FEPol| T3 & “E__a 0] loading cell®] ©F

}‘JH 71A|7} adsorption cell2 ©]§ 35S 3lar, HEo =gt u
7}4] 716k}, Loading cell#} adsorption cellO] Hol Tuksld o}

Al B 231 Joading cellol] U7 $F=9) & 71AlE A9 BHY
2o] 25 atme] & W7HA] APE Wk et

FIE S Y AYLE 7} cellolM 9] 24 olo}y] BE
o] GC(gas chromatography)E A3 o™ Alf
injection valveE- 5-3f o]FolF T} AL R
sk ubH o FEglom ) 7]A 2] Z32- loading cellollA] A3 o]F
oﬁﬂci z‘sﬂq__

TS AXKE] S84 ollleh 2 22 A4S o83l
ARrksigict. F2dat 9] el 2} o}l dAY 1, ay, L, a,® 3

AlSF3ATE 93714 B} a= 282} loading cell®} adsorption cellS 2]

vleh, p} 2= 7247 S 25 ekt

PV1+PV PV1+PV

PV PV tqM 6
ZRT' ZRT' ZRT? ZRT* ¢ ©
o] ol zi= kgt Prt.
Z=1+(B,+wB,)P/T, %)

03714 wi= H3IQ1 A acentric factor)°]Th. B8k, B} B> %40k
o s & 5 AL, (321t (9o .

Vent = 2
| Y | B |
| ,_._,_ ) R
i y L
: , Mobile Recorder . :
L=l L L
I & il
(I : 1
[ }X i;{ [
D] e Lo
Pure 1l [
Gas L] [
Pure
Gas
Loading Adsorption
Cell Cell
Water Bath Vacuum
Pump
=1 Needle Valve =X Ball Valve — — — Pressure transducer — - - — Thermocouple

Fig. 1. Schematic diagram for Mixture gas-Adsorption equilibrium system.
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Fig. 2. Adsorption of pure CO, on Zeolite SA, @ 293.15 K, ¥ 303.15 K,
M 313.15 K, — Langmuir model, --- L-F model, -—- DSL model.
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Fig. 3. Adsorption of pure CO on Zeolite SA, @ 293.15 K, ¥ 303.15 K,
H 313.15 K, — Langmuir model, -- L-F model, -—- DSL model.
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Fig. 4. Adsorption of pure H, on Zeolite SA, @ 293.15 K, ¥ 303.15 K,
H 313.15 K, — Langmuir model, --- L-F model, --- DSL model.

co;}u FATAL MAPYL AL P 5 glglon, 5

5] C0,9 A% 2atm 71 FAR FHF) F718 wolm Ylov]
1oyl gRleli FHe] AL & 5 Uik ofF F
0S| 53 ST ke AP UL Sl 1 47 WS

o 4 AT AF ] 2 dlo]E| 25 €] Langmuir,
L-F, DSLY] 7t qua}Ul 1% Qoj 77 Aolr}, 7tzte] dletu]E] o}
QAFEE Table 2~401] JERILAL, (10)4)S F3l FH 4t A&
T-5to] v w33t

N |y ,0bsd caled|

Average Relative Deviation(% )= 1002 Vi -V (10)
- qusd
7 J

Langmuir® 52 o]2742] EAlelE B8kl AA 71A19] &

5} /\164@4/}_ ZF oq] ]'_1_1 Qo /\10] Zl-?_}o]_oq 1 9] 01_7_] /\]\g_
=31 QT 1 5 DSL 22242 binary layer 52 7sH= 40
2 Langmuirt} L-F 2223} §A18 S BQIt}. Ak, £
: 3} Langmuir, L-F F@lo] ©4g

m{q

29 74-$- monolayer i%‘% 714

2 HYA] 93 o 5E HO|B R binary 2 714 DSL
nalxle ARl e 9lo] Langmuir}t L-Fol| H|al] B2 ARE-
o2 Folr 7= FAEQTE Table 2~4914 & = Q0] 71E29]

LangmulrUr L-F 2495 ¥t} DSL 2490] 0.004~3% J52 2

Bt APl oA AR 52 B8 A4S 7P & 5ehs
A& & = ATt 3 Fig. 5~75 E3l L-F model®} DSL model

9] 5 exkE olo].l:l A%} CO7} 293.15 K £5.9] Agteiodofq
°F 3% iz}* Holi= A& Alekas o9} HellAs Ads]
AR A5S BYE vAl ERIE 5= Qi

o] E°‘6P “Eﬂoﬂﬁﬂ T4 9 AP s 1 B
ofshar sllAjsh= Qo] Folrrh: Fashhal 3 4 Qluh14]. &

Korean Chem. Eng. Res., Vol. 44, No. 5, October, 2006



464 el - A - Hey - A - Hop)
Table 2. Pure component parameter for Langmuir model on Zeolite SA
Component Temperature [K] q,, [mmol/g| B [1/atm] ARD [%]
CO, 293.15K 430733 12.56815 4.0963
303.15K 4.21826 9.02783 3.64254
313.15K 4.17013 6.85502 3.56558
CO 293.15K 3.03406 0.4722 4.71761
303.15K 2.95327 0.36797 4.7912
313.15K 2.75952 0.3372 4.48051
H, 293.15K 0.79481 0.02659 2.55067
303.15K 0.54464 0.03656 2.37304
313.15K 0.45723 0.03756 3.966
Table 3. Pure component parameter for Langmuir - Freundlich model on Zeolite SA
Component Temperature [K] q,, Immol/g] B [1/atm] 1/n ARD [%]
CO, 293.15K 4.38345 7.96137 0.8328 3.72695
303.15K 4.24466 7.94235 0.95176 3.56853
313.15K 420604 5.88915 0.93919 3.49256
CO 293.15K 3.77267 0.42404 0.64101 0.32351
303.15K 3.70819 0.3397 0.6647 0.40794
313.15K 3.40275 0.31147 0.70649 0.72999
H, 293.15K 0.69627 0.02963 1.03012 2.87216
303.15K 0.44963 0.04022 1.0817 3.19762
313.15K 0.30114 0.04462 1.21089 5.35532
Table 4. Pure component parameter for Dual Site Langmuir model on Zeolite SA
Site 1 Site 2
Component Temperature [K] q,, [mmol/g] B,[1/atm] q,,z[mmol/g] B,[1/atm] ARD(%)
CO, 293.15 K 4.145 11.9625 0.492 0.0615 3.2202
303.15 K 4.145 8.3397 0.492 0.0207 0.9820
313.15K 4.145 5.9496 0.492 0.0075 03143
CcO 293.15 K 2.294 0.2021 0.954 3.3279 0.0042
303.15 K 2.294 0.1454 0.954 2.3309 0.0059
313.15K 2.294 0.1069 0.954 1.6702 0.0194
H, 293.15 K 0.784 0.0252 0.00716 5.1537E + 17 0.1789
303.15 K 0.784 0.0209 0.00716 1.1211E + 17 0.0728
313.15 K 0.784 0.0176 0.00716 2.6882E + 16 0.1772

Amount adsorbed [mmol/g]

1

Pressure [atm]

Fig. 5. Adsorption of pure CO, on Zeolite SA, @ 293.15 K, ¥ 303.15 K,
M 313.15 K, — L-F model, --- DSL model.
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Fig. 6. Adsorption of pure CO on Zeolite SA, @ 293.15 K, ¥ 303.15
K, H 313.15 K, — L-F model, ... DSL model.
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Fig. 9. Adsorption of H,/CO, Mixture gas on Zeolite SA at 303.15 K,
@ 2 atm, V¥ 9 atm, Closed symbol: CO, Open symbol: H,
— Extended Langmuir model, --- Extended L-F model, ---- DSL
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Fig. 10. Adsorption of H,/CO, Mixture gas on Zeolite SA at 313.15 K,
@ 2 atm, ¥ 9 atm, Closed symbol: CO, Open symbol: H,,
— Extended Langmuir model, — Extended L-F model, ---- DSL
model.
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Fig. 11. Adsorption of CO/CO, Mixture gas on Zeolite SA at 293.15 K,

® 2 atm, V¥ 9 atm, Closed symbol: CO, Open symbol: CO
— Extended Langmuir, --- Extended L-F, ---- DSL.
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Fig. 12. Adsorption of CO/CO, Mixture gas on Zeolite SA at 303.15 K,
@® 2 atm, ¥ 9 atm, Closed symbol: CO, Open symbol: CO
— Extended Langmuir, --- Extended L-F, ---- DSL.
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Fig. 13. Adsorption of CO/CO, Mixture gas on Zeolite SA at 313.15 K,
® 2 atm, ¥ 9 atm, Closed symbol: CO, Open symbol: CO
— Extended Langmuir, -— Extended L-F, ---- DSL.
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ig. 14. Adsorption of H,/CO, Mixture gas on Zeolite SA at 293.15 K,
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Fig. 15. Adsorption of H,/CO, Mixture gas on Zeolite SA at 303.15 K,
@ 9 atm, — Extended Langmuir model, -~ Extended L-F model,
--- DSL model.
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16. Adsorption of H,/CO, Mixture gas on Zeolite SA at 313.15 K,
@ 9 atm, — Extended Langmuir, --- Extended L-F, --- DSL.
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A : surface area of adsorbent, [m%/g]
B : Langmuir and Langmuir-Freundlich constants, [1/atm]
B, : virial coefficient
B, : virial coefficient
C : concentration of adsorbate, [mol/g]
k,~kq : dual-site Langmuir isotherm model parameter
M : molecule weight
n : Langmuir-Freundlich constants
N : number of component
P : total pressure [atm]
P. : reduced pressure
q : equilibrium moles adsorbed [mmol/g]
qp, : maximum equilibrium moles adsorbed and total moles adsorbed

of mixture [mmol/g]
R : universal gas constant [kcal/mol-K]
t : time [s]
T : temperature [K]
T, : reduced temperature [K]
veared - amount adsorbed calculated [mmo/g]
Vobsd - experimental amount adsorbed [mmol/g]
X : adsorbed phase mole fraction of component [i]
y : mole fraction of gas phase
Y : gas phase mole fraction of component [i]
zZ : compressibility factor
J2lo|A =X}
ay : parameter describing nonideality in adsorbed phase induced by

interaction between species i and j
[} : acentric factor

R R 467
OH&XL
a,1  :adsorption cell, loading cell
i, j : component i, j
m : mixture
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