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Abstract — Adsorption equilibria of the gases H,, CH,, and C,H, and their binary mixtures on activated carbon (Cal-
gon co.) have been measured by static volumetric method in the pressure range of 0 to 18 atm at temperatures of 293.15,
303.15, and 313.15 K. From the parameters obtained from single component adsorption isotherm, multi-component
adsorption equilibria could be predicted and compared with experimental data. The binary experimental data were
applied to four models : extended Langmuir, extended Langmuir-Freundlich, Ideal Adsorbed Solution theory (IAST),
and Vacancy Solution Model (VSM). The models were found to describe the experimental data with a reasonable accu-
racy. Extended L-F model predicts equilibria of mixture better than any other model.
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Wo) ARgE|0X] I Qe THIEA BEAES D7 AEEE 4
Sk Langmuir 2 224& ©@<=3] 2 gt Extended Langmuir B 22]
o] glown FZg-N ool ZAE T Myers®} Prausnitz®] 0135
2 g MNo]Z(Ideal adsorbed Solution Theory-IAST)[10], “12] 1L
Suwanyuen?} Danner®] H12}2] 8- = 9 (Vacancy Solution Model-
VSM)[11-12] S°] SJtH13].

£ A= EYJEH6-16 mesh Calgon Co.) F&AE o] gslo] A
A7Rx Fsllof o8k 4929 H,, CH,8F 1 212 BaE9l C2H4
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3-1. E5H 2 AE EK|

o] A3 S2A= Bdeko 2A] Calgon Co.ollA A4k
PCB type(6-16 mesh)2] AlF2S AFE3I 00, AZARS] B 1Mo
w2 FAJeke] 29 B4 Table 100l LFERAQICE FAJERE 42315 K
ofA] 12413} o] drying vacuum ovenollA] B8-S A|ASH & A}
Sk, T3 FEAIE T2 42(99.99%), HIRH(99.95%), ol
g31(99% )y F~5 AHE-SISITE

T2 34 A= 44 Fuel vhds o] Fig. 10 e}
W npe} o] AlAsiolrt21]. Z2e] A= 522,735 ml, 521.615 ml

Table 1. Characteristics of activated carbon adsorbent

Type Granular PCB
Total surface area 1,150-1,250 mz/g
Nominal pellet size 6-16 mesh
Average pellet size 1.15 mm
Pellet density 0.85 g/em?

Bulk density 0.746 g/em®
Heat capacity 0.25 cal/g’K
Particle porosity 0.61

Bed porosity 0.357

Total void fraction 0.77

Mobile recorder

% Sampler

ol
—lg
—1g

LOADING ADSORPTION
CELL CELL
Vacuum
Water Bath pump
= Vent
JQJ Ball valve ™) Meedle valve —— Thermocouple (K-type) Pressure transducer

Fig. 1. Experimental apparatus of adsorption equilibrium

o Ru|g dFoF Y39y, ddeRly lH = A4S
231817 918K 1/8 in stainless steel tube®} 1/8 in ball valveS A}
G337k AAU ] 25+ K-type thermocouple® %3 pressure
transducer(Sensys Co.)Z 5742 4= S| skglem, Zbzte] Aohe
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Fig. 2. Adsorption isotherms of Methane onto Activated Carbon at
various temperature.
@,293.15K; ¥,303.15K; W, 313.15K; —,
*, L-F model; ——, F-H VSM.

Langmuir model;
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Fig. 3. Adsorption isotherms of Ethylene onto Activated Carbon at
various temperature.
@ 293.15K; ¥,303.15K; W, 313.15K; —,
+, L-F model; ——, F-H VSM.

Langmuir model;

AF2EE 7SR HolFE vAF AR FATAE Kol
ATk ThA] Db, gk oedlle] F2H5-243-8- Brunauer 5[22]
o] B3t 5714] Type SolA Type-I3°]™ Langmuird 2 52

el et 53] o] o= 4 am7kA] FASHA S7F

o
&

3tz 71 oo el emket Fae] SUbE FR1E = Q)
‘:]' T 7NAlE FEEO] vk Aol vlste] - 2o, HAE A
?l FAeAe vkt
FT7NA F2e2 e AglolEle] SJEiA AR 5 = )
MAFE 23hakar Ql=t), o] mzivig= EFAE F2ks oS53t
7] $Iste] Qs 1] 3# 4215 (nonlinear least square method)

2 Apgate] e & gl & el AlgHE BENE v
ARG Table 2401 FERISIL, 2] (16)3} BRGNS AHg-
so 7} =] A B eAtE vmetiry.

3lerast 433 HM|3E 20054 62
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Fig. 4. Adsorption isotherms of Hydrogen onto Activated Carbon at
various temperature.

@®,293.15K; ¥,303.15K; W, 313.15K; —,
-, L-F model; ——, F-H VSM.

Langmuir model;

Table 2. Regression parameters of the Langmuir isotherms for pure
gases on activated carbon

Adsorbate Temperature [K] g, [mmol/g] B[l/atm] ARD[%]
Hydrogen 293.15K 19.1866 0.0012 43332
303.15K 14.2426 0.0014 4.2309
313.15K 10.0027 0.0018 4.4683
Methane 293.15K 5.8646 0.1635 1.0940
303.15K 5.6408 0.1430 1.2024
313.15K 5.4877 0.1176 0.9880
Ethylene 293.15K 6.4167 1.3588 4.1616
303.15K 6.1738 1.1225 49126
313.15K 5.9669 0.8530 4.0246

Table 3. Regression parameters of the Langmuir-Freundlich isotherms
for pure gases on activated carbon

Adsorbate  Temperature [K] g,,[mmol/g] B [1/atm] 1/n[-] ARD[%]

Hydrogen 293.15K 1.8763 0.0097  1.1622  8.0923
303.15K 0.9903 0.0141  1.2689  6.2604
313.15K 0.8285 0.0146 12862 5.8178
Methane 293.15K 5.7137 0.1643  1.0306  1.0606
303.15K 5.5472 0.1432  1.0188 1.1323
313.15K 5.2371 0.1186  1.0448  0.7950
Ethylene 293.15K 7.1551 1.0340  0.6970  0.9888

303.15K 7.1378  0.8475  0.6656  0.9990
313.15K 6.8961 0.6848  0.7064  0.6447

obsd

cale
100 V¢ "‘ (16)

Average Relative Deviation(%) = N Z
J
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Table 4. Regression parameters of the F-H VSM for pure gases on
activated carbon

Adsorbate 1R fmmole] [mmobvlg-aun] R
Hydrogen 293.15K 12.86717 0.02344 —0.06262 4.45431
303.15K 11.86361 0.02053 —0.09667 4.64119
313.15K 8.71862 0.01835 0.08318 4.70968
Methane 293.15K 6.13756 1.01082 —0.40659 1.17028
303.15K 6.11054 0.86323 —0.49096 1.32237
313.15K 5.7099 0.68645 0.52364 1.15776
Ethylene 293.15K 6.61641 19.33209 1.72821 1.79515
303.15K 6.47724 17.58679 2.01158 1.7499
313.15K 6.33904 11.45451 1.90837 1.12191

Uept s, olg#de] 739= Langmuir ¥ 2-& 4%, L-F #2 1%,
F-H VSME 2%2] @212 1t} 53] old#lle] 73$-ollE Langmuir
ARt LF 2d0] v 22 A exlE 7xw A3 dnts
] 2 o339t 0] Langmuir 22120 E35t714 9] o=
& 5 Qluhes WS 7 Qlar BdEte] 9] oluX] B
*J (energetic heterogeneity)©] 310} L-F F&lo] HT} £ AvE |
oF=a1 Qict. gk} o] A-oF Nl R A FAFG0]
A% A1 o]fi& Langmuir Z@20] Uk AiE 7 0= Zlow
a7 vk LF 2243} F-H VSMS & t} A 719 vz
7R3 QUARE, wigk ode] gelli= L-F 20| F-H VSM
BT} UL Ans BoiFed vsMel A9] Bt} gty
ZHA7ke) vjo) g o) ZHgo 7 Addole el Z AXAA &

% o
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S Y T U E
$-gAdo] YelRta x4 Q) vl Langmuir 223}

A
g2 Bg= g L-F 249, IAST, F-H VSM2 243}

LR
2 2R49) |50 Bkt P VSMel 4 Astel ) ot

Holug 714 vlo S e8| e fugacity A& virial &
g2l o2 mesiQint. 3 IASTO S dXdE 2d = 7}
U A3E HoiF= LF RES FE8p] 19 A=
o] ARSI

H,/CH, oVdAl £371A|19] 23S o&st drsl AdS
F3 dojxl F&ES Fig. 5-70 YERATE ZH2h 29315 K,
303.15 K, 313.15 K] €% 273} 458 dejsio] 24 9] Wzl
e AHAT 4 o SHolc) AFHE] oA Szl uist B
-2 [ASTS} F-H VSMo| &tff Langmuir 2dy} -F 2dHc} ¢
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Amount adsorbed [mmol/g]

Gas phase composition [Yy,]

Fig. 5. Equilibrium diagram for binary mixture of Hydrogen and
Methane at 293.15 K.
@, 2 atm; ¥, 5 atm; W, 10 atm; Close symbols; CH,, Open sym-
bols; H,; —, Extended Langmuir; ---, Extended L-F; -, IAST;
----, F-H VSM.

b g I w o
&) o & o &)
| ; ! ;

Amount adsorbed [mmol/g]
o

0.5

Gas phase composition [Yy,]

Fig. 6. Equilibrium diagram for binary mixture of Hydrogen and
Methane at 303.15 K.
@, 2 atm; ¥, 5 atm; M, 10 atm; Close symbols; CH,, Open sym-
bols; Hy; —, Extended Langmuir; -+, Extended L-F; --, IAST; - -,
F-H VSM.

dhgego] S Aol AFH 937} Wbk, vekshe] vlopi

‘do] #-gsto] A ox AA FAERE Al F&tel
e Aol Alsdnt

H,/C,H, oVdwA £371419] 2835 H,/CH, o/d A9}
vR7HAE Fig. 8-1001 WISt o] AlelM= &t L-F 24
o] 7P £ ASANE BTl glo} odale S5dE
& o AAUEG =7 dS5shs Zlo® vEhar Qld o] 9
gl ddgiR o vy Fggel msieEe] dojAa 3]
&5k Henry’s constants 73 7 §lth= HollA £330 Fa%F
ASUE AP GkolA Ads] Hlojd = Qlok. &=, o] A= Hy
CH, oldwAIRT A8l Zfol7} w9 7| 40] F2=ke] Addh
LAP7F - Atk thAl gk Al Aol EAo] - Ao
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Fig. 7. Equilibrium diagram for binary mixture of Hydrogen and
Methane at 313.15 K.
@, 2 atm; ¥, 5 atm; M, 10 atm; Close symbols; CH,, Open symbols;
H,; —, Extended Langmuir; -+, Extended L-F; -, IAST; - --,
F-H VSM.
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Fig. 8. Equilibrium diagram for binary mixture of Hydrogen and
Ethylene at 293.15 K.
@, 2 atm; ¥, 10 atm; Close symbols; C,H,, Open symbols; Hy;
—, Extended Langmuir; ---, Extended L-F; --, IAST; ----, F-H
VSM.
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woll RS0 ASAS Friehstl frefskalth. RS A
2 OE o 54E BoiFa gl 7 Bdl2]o A Henry’s constant
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Fig. 9. Equilibrium diagram for binary mixture of Hydrogen and
Ethylene at 303.15 K.
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Fig. 10. Equilibrium diagram for binary mixture of Hydrogen and
Ethylene at 313.15 K.
@, 2 atm; V¥, 10 atm; Close symbols; C,H,, Open symbols; H,;
—, Extended Langmuir; -+, Extended L-F; --, IAST; ----, F-H
VSM.
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Fig. 11. Equilibrium diagram for binary mixture of Methane and
Ethylene at 293.15 K.
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Fig. 12. Equilibrium diagram for binary mixture of Methane and
Ethylene at 303.15 K.
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—, Extended Langmuir; -+, Extended L-F; —, IAST; -- - -, F-H VSM.
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Fig. 13. Equilibrium diagram for binary mixture of Methane and
Ethylene at 313.15 K.
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Fig. 14. Comparison of adsorbed phase composition by Langmuir
model for several binary mixture.
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Fig. 15. Comparison of adsorbed phase composition by L-F model
for several binary mixture.
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Fig. 16. Comparison of adsorbed phase composition by IAST for
several binary mixture.
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AE71E

a; : partial molar area

A - surface area of adsorbent [m?%/g]

B : Langmuir and Langmuir-Freundlich constants [1/atm]

b; : henry’s law constant of component i [mmol/g-atm]

n : Langmuir-Freundlich constants

N : number of component

P : total pressure [atm]

P?(n) : equilibrium pressure of component i corresponding to
spreading pressure [atm]

q : equilibrium moles adsorbed [mmol/g]

A :maximum equilibrium moles adsorbed and total moles
adsorbed of mixture [mmol/g]

a; : limiting amount adsorbed of pure component / [mmol/g]

a@ : limiting amount adsorbed of mixture / [mmol/g]

q : total adsorbed amount [mmol/g]

R : universal gas constant [kcal/mol-K]

T : temperature [K]

veared - amount adsorbed calculated [mmol/g]

yobsd : experimental amount adsorbed [mmol/g]

i : gas phase mole fraction of component [7]

X; : adsorbed phase mole fraction of component [7]

Z : compressibility factor

J2|0|A=2K}

ay : parameter describing nonideality in adsorbed phase induced
by interaction between species i and j

Y : activity coefficient of component [7]

o : activity coefficient of component 7 in vacancy solution

0 : fraction of limiting adsorption

T : surface spreading pressure [N/m]

I1 : modified spreading pressure

O; : fugacity coefficient of component 7 in gas phase
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O2H& X}

i,j,k  :component [i, j, k]
m : mixture

v : vacancy
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