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Al-&-2}o] E 5A(Davison C-625) & 2ol CO,, CHy, CHe, CsHp Sl ©tU A H & o)l 2 3 °]E'9] EEel
g F2LY diolet g Hristdch DA E FRdlolelE M & AN A F dAESES uAdd A
Ho Filglen o] viHpES o] &3l EE] FAYY dlolelE €33 454 WVSM°] 71 43
AEZAE BT vlojdA EFEC dME AdHoz 71a & & &stedch CGHe-CO.= 323.15K, 12.26
kPaoll 4 Fu]E£3E-S A3k o CO, CHy CH,, CHp®l S2F §23-& 7+7} 10.79 keal/mol, 6.95 kcal/mol,
9.2 kcal/mol, 11.85 kcal/mole] it}

Abstract—This study is to predict adsorption equilibrium data for their binary gas mixture systems from
pure gas adsorption data of CO,, CH,, C;Hs and C;Hg on zeolite 5 A (Davison C-625). A nonlinear regression
method and an optimization method were employed in the calculation of the parameters. The binary mixture
adsorption data have been examined against values predicted by various models using regression parameters
obtained from the single component isotherms. For these systems the W-VSM gave the best representation
of the experimental data. C;Hs-CO. system formed an azeotropic mixture at 325.15 K and 12.26 kPa. Isosteric
heat of adsorption for carbon dioxide, methane, ethane and propane were 10.79 kcal/mol, 6.95 kcal/mol, 9.2
kcal/mol, 11.85 kcal/mol, respectively.
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Fig. 1.
. Hangdown tube 10. Ball joint

. Constant temperature bath 12. Vacuum header
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Schematic diagram of adsorption experiment system.
. Cahn electro-micro-balance 9. Gas storage cell

17. Needle valve
18. Gas from adsorbate gas cylinders

. Electric furnace 11. Mercury manometer 19. Vacuum valve

20. Gas buret

. Temperature controller 13. Oil diffusion pump 21. Sample cell

. Cahn balance console 14. Mechanical vacuum pump 22. Mixing chamber

. Automatic recorder 15. McLeod vacuum gauge 23. Storage bottle for pure gas
. Sample positioner 16. Adsorbate storage cell 24, Sample port
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Table 2. Parameters of the LRC model for gases of 5A
zeolite

o187

Table 3. Parameters of the FH-VSM for pure gases on
5A zeolite

Temp. n® k
Adsorbate P ! ! a;

(K) (mmol/g) (mmol/g-kPa) ARD(%%)

Temp. Ny® by

Adsorbate
(K)  (mmol/g) (mmol/g-kPa)

a,  ARD(%)

CO, 27315 4413 0.940 1640 54
303.15 4.335 0.550 1722 07
323.15 4.015 0.277 1518 37
CH, 27315 8.336 188E-2 1738 40
30315 6.152 103E-2 1467 57
32315 2.308 9.28E-3 1201 66
C.He 27315 3.645 0.337 2340 13
303.15 4441 0.128 2185 46
32315 4.103 882E-2 1951 51
C3Hs 27315 2.064 4.662 1201 91
303.15 1.940 1.068 1618 38
32315 1.753 0.805 1643 18

CO; 27315 4475 334E2 9833 120
303.15 4.105 3.297E1 7.096 85
32315 3.859 7.832 5.944 8.3
CH, 273.15 7.607 0.120 3.642 6.7
30315 7.052 3.80E-2 2936 48
32315 5.019 161E-2 2613 4.5
C;Hs 27315 2816 7472E1 5963 6.7
30315 2.777 3.665 2437 438
32315 2748 1.285 1.304 5.6
C3Hs 27315 2452 6.35E3 10501 101
303.15 2.090 197E3  9.734 9.3
32315 1746 462E2  8.161 6.7

Average Relative Deviation(ARD)
100 [V,,,,—Vm ]

= N JEI abs Ve,

UAAAFE o2 FHigen o|¥A F3 LRC
FH-VSM, W-VSM e} ol 7§l 5=t E-& Table 244 %
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A= Fig. 2, 3¢ Vel ge) LRC 2do] VSME ch=
A9 ez Agdieletel oL A A
UKo z2 g o olatstetael 79 FH-VSME
< dHW oA dx7} A aE AL} ol2FH oz ¥
AlE2EFE n™& dA s ok 849k Table 3, 45 ®d
57} FolAdl we} A FA=kgle] Yol ¢ 4
Ued ol & Addelete] HHUHUSI) YA £
37] WFo2 Azt w3 7 mdAl5e o)
FES 4ol 022 HY w9 gk Henry's con-

Average Relative Oeviation(ARD)

= % ]glabs [—Ve"p—‘;;:[pved ]

stant k&, b;E Aty Lxo|&Ad gk UukAe]
gigich In P of 1/TS) 22| o 2 RE] F3F o]AbsielL,
djel, ofgl Z2gle] EakE o] (isosteric heat of ad-
sorption)2 77} 10.79 kcal/mol, 6.95 kcal/mol, 9.2
kcal/mol, 11.85 kcal/mole]gl. o o]4tslebi[8], =2
B9]9] A= TN A= e 3t 115 keal/
mol, 11.9 kcal/mol=} ¥] 5= & 4 ok TE32 5A
zeoliteol] W& W ellA E3tol| wFslArh

4-2. 2EEC| BAUH
SARE FAoltR Y B AAFERS A
gotel 2t malo) &g 24 8A EYIIA E Aol W

Table 4. Parameters of the W-VSM for pure gases on SA zeolite

Adsorbate Temp. (K) N,* (mmol/g) b; (mmol/g-kPa) A An ARD(%)
CO. 273.15 5.047 4.113E1 4.130 2.535 24
303.15 5.066 5.735 8.804 1.295 1.8
323.15 5.129 1.866 6.870 1.503 15
CH, 273.15 7.609 0.120 0.215 4.644 9.7
303.15 6.057 3.80E-2 0.254 3.932 12.8
323.15 5.021 161E-2 0.276 3.630 4.5
C,H¢ 273.15 3.020 1.778E1 1.446 3.878 1.7
303.15 2777 3.665 0.185 5.395 4.8
323.15 2.749 1.247 0.258 4.677 56
C3Hy 273.15 2.795 9.769E3 4.185 7.698 20
303.15 2315 1.866E3 2.615 7.068 4.3
323.15 2.288 2970E2 8.338 5.434 84
Average Relative Deviation(ARD) = —11%9 /}j:labs [L‘DV_M]

exp.
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Fig. 2. Experimental and predicted single component ad-

sorption isotherms on 5A zeolite: CHa(?), C:He(0)

at 303.15K and C;Hg(~) at 323.15K.
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Fig. 3. Experimental and predicted adsorption isotherms
for carbon dioxide on 5A zeolite at 303.15 K(C)

and 323.15 K(©).
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Fig. 4. Predictions of adsorption equilibrium phase dia-
gram for CH-CO; mixtures on 5A zeolite at 303.15
K and 25.73 kPa.
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Fig. 5. Predictions of adsorption equilibrium phase di-
agram for C,Hg-CO; mixtures on SA zeolite at
303.15K and 35.99 kPa.
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Fig. 6. Predictions of adsorption equilibrium phase di-
agram for C;Hy-CO; mixtures on 5A zeolite at
323.15K and 12.26 kPa.
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Fig. 7. Experimental and predicted total amount of CH.-
CO; adsorbed on 5A zeolite at 303.15 K and 25.73
kPa.
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Fig. 8. Experimental and predicted total amount of C;He-
CO, adsorbed on 5A zeolite at 303.15 K and 35.99

kPa.
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Fig. 9. Experimental and predicted total amount of C;Hjs-
CO,; adsorbed on SA zeolite at 323.15 K and 12.26
kPa.
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Fig. 10. Prediction of adsorbed phase mole fractions for
several mixtures adsorbed on zeolite 5A with

LRC.
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Fig. 11, Prediction of gas phase mole fractions for several
mixtures adsorbed on zeolite SA with FH-VSM.
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Fig. 12. Prediction of gas phase mole fractions for several
mixtures adsorbed on zeolite SA with W-VSM.

ADE BT vle| A EFEA Az HAHo =
7v4 2 & 7hssksdct

(3) Davison 5A zeoliteol] i ojAl3lelbs: «je},
ogl, zEge] LerEald e z+7} 10.79 kcal/mol, 6.95
kcal/mol, 9.2 kcal/mol, 11.85 kcal/mole]<ic}.

g M

2 AT sl A4S AE QAN FAeg
ek,

NOMENCLATURE
3 : partial molar area
A : surface area of adsorbent [cm?/g]
b, : Henry’s law constant of i [mmol/g-kPa]
k :constant in eq. (1) [mmol/g-kPa]
n : amount adsorbed [ mmol/g]

ns - : maximum number of moles of i in surface
phase [mmol/g]

n,’ : total number of moles of mixture in surface
phase [mmol/g]

n,* :maximum total number of moles of mixture
in surface phase [mmol/g]

P : pressure of gas phase [kPa]

Qs : isosteric heat of adsorption at infinite dilution
[kcal/mot]

R : universal gas constant [kcal/mol K]
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T : temperature of adsorption system [K]

X : mole fraction of i in vacancy-free adsorbed
phase

b o : mole fraction of i in adsorbed vacancy solu-
tion

Vi :mole fraction of i in vacancy-free vapor
phase

0 : interaction parameter in adsorbed phase

078 : activity coefficient of i in adsorbed phase va-
cancy solution

0 : fractional coverage

A;. A; : Wilson’s parameter for interaction between
iand j

n : surface spreading or osmotic pressure [N/m]
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