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Abstract—Adsorption experiments for CO, CO;, H; and their mixtures on activated carbon were performed
by static volumetric method. From the parameters obtained from single component adsorption isotherm,
multicomponent adsorption equilibria could be predicted and compared with experimental data. Among cou-
pled Langmuir isotherm, coupled Langmuir-Freundlich isotherm, IAST and F-H VST, coupled Langmuir-
Freundlich isotherm showed the best agreement with the experimental results for binary and ternary adsorp-
tion equilibria of CO, CO; and H; on activated carbon.
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Table L. Physical properties of activated carbon

Apparent density(g/ml) 04
Mesh size 20X 30
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Nm 0° [ €Xpiy
A xP: isxi _ —)
¥ ¥ ng b L 1+,

exp{[( m;n: )*1] ln(w‘xvs)} 2D

3714 fugacity A5 o= BE9) 4 shellMe 12
7hAste] Folx Fubsich FYFAE delle A
(18)& 7+ Aol disilA AAME F 2% sid v, &
2A% 4 3o n,ol ) B4 Heje Hoz ®
LR

Step 6. THE F2H432] 243} 43} P& AASHL step
A Y ThAl A4 dHEEle] S8 dhy.

3.4 #

3-1. M=

Agel AHRE bl 2 s Akl AR (F) el
q 22Re ARZ Ashe BHRSCT 1000 2
gasich kel 2L 44 Fdsigon 1 4
3+ Table 10| vehhgich. BET Eads 3 4233
3]+ MicrometricsAHe} ASAP 200022 %A 3}ict
Fade] He darAEE £5 99.99%¢ H, CO,
9 COE AHgsisich Y7L £471 A2 e 44
gHEdch

3-2. AEHEx|

Faeke] 242 HyRa)Fayeog =) &
Her A gel4 9] Fite] o]FAx= FHE7I &3
L7712 7]|AE ol ok FFE F7) A% Z1AF
F4718 AP} o]lFoiA glrh. FHAE7E 2H
dAlA ~dR Azsiges, FE3 24 HES
$18te] H L2 7laAE kel HE BER 29 F
Ak 7NHATFLVIE 84Ld W e R A zhslg on
7+ 879 Huj dFE ol 4lM A FAHsACh

7k 271 We] gt qhawigtr)(Data Instruments
AL 2l SAE) 24 AHsigdoen, A& 3] 57
9]3ted 0-100 psia Akel2] #3t3#+F-3} 0-1000 psia Ato]
o] qot¥oll4] A& 4 gles AL 74 E AR
stodch F o] Aok w7k 2xE &3] 9
sto] K-type g #o] Fatalo] Z3]5F 443}

S5t M33A HSES 19959 108

Aok FRAYE Aste 2= FYEr] YA
FAE01E gz Y7 me 7HGAAA AL 8
Aot ZE AYE FHAARZ So7lr] o)A ¥4
o] Sof ole F34715 423K 222 spdsialy
AFHEE 2ag A)7|HA 547 A AX stk

ol e AT FAAPANME 714 =4
& ¥4 938l TCD7) Al 7~ agele a2
(VarianA}, 2.9 3700) & A}4-3l¢dc}. 6-Port injection
valve(Valco instrumentA}) & 7}A3ZolE 73 o
A x]8l2 F28-7)ell 1/16 inch tube-& QA3 19
A 85 AAsdch

3-3. &7 Mol Ay

F3A 8] 2 CO2t CO9 ¥F3Ale 15g Hpo
FHAlelE 40 g8 AHshdel A7 B ¥ AT
Aol ol F2H47) e 228 d3ke ¥R
241719 ZIAFE-87) e FEA7HE SR
F28719 MNATF L7 21 A 22 4
7153t Ao 2 WuE st VAFTFE2
Y FHE712 FAVNAE FIETh FE2 WA
FAE719 b LEF A e =93 o
el iz g 7Sk A Z1ATF LY
e g g ste] § 2871 ZAE LA F T
Yahe MY =2 drix] dAHeE ¥
Fodrhe wHEale] Aok

3-4. EEPVIMS A2

Egr1Al S FEAFE 47 A F7EE dojopdt
APHF2A 7|87 F487) <l sle &
ZIAAES) ZEES He g ok FAL7|HA9 3
@ A8 HHe A= e Z1AY 22 &
Wt R st 2gke) AlRE At} Yot &
719 FAAYL 7 7k ez $Ysck

A whge dshe Ao ERIAE A2
F3E71d T WHolth ddke 249 £
Ag Azste] Fa47]el dAF It 2=
o] Fyol =2 w7tA] Jckd F F2447) of 7]
Aol AlRE &% AH3 24 FAHAt o9
2 e g IREIWIANE ke 7R 94
Moz FAE7dl Fste] APE T3t

T uhg e COt He 59 €% 714 HA
qdRF FAA7Z FHN =D Fol AL e
A =58 71AE o] ZIATEEVIRYEH 3F
g dlelr). =9t o] HHol B Foll 24
719} 7148l 2A4E Mt 7 V1A FEARE T
shdch kAl £77141E FE3te] HYell =2 Fof



gAeko] gk CO-CO-H, E71Ae &34y 625

71448 2A4S FAsz FHAHE Al o9
e AL wrBaled systgc). ol wpEe 7]
AEZFE719) Aol wtd Aoz #27) 571 o
Fol FF71A9 2A4& FA3HA] dolx e AAHe|
Ack.

AHd el FAAYLS P8 EFRIAY A2 P F
27 L o|AHEAY 2L wygor FPdgc)

3-6. HAE A

FaAol F4T ke AP G 14T T
A4A g ol 4ate] Auatadek 2 Aol e ol
grlalsh AAANA 22} Aolg v 27 A8 ¢
27} 28 Axbske] Abgsteich

P, LOVL(] PL IVL 1 PA VA
2R Tro @)

ZLlRT]_l ZARTA
% Lot AL 24 ANFFE7I She0)e
SeRR L 03 18 71 AT FE71ol F27) A E BFS)
A3 JNE hehdek o) AolA 2 thest .

P [4
2= 14 =14 ()
RT.

P,

T (23)

7t 713 AEo| WA By &= uke] Fpelmi,
B #hih2xolgl 347} S 8y 733
T4 P4 BP/RTA A QD=2 ¥}

BP.

RT =B+ B! (24)

B’} Bl 1] #Abex uke] o)l 4] (25)9)
(26)0.2 F#E=C)

0422

B’=0.083— —T-l—s‘ (25)
0.172

B'=0.l39—7rj2— (26)

4. Zzt 9 E2

4-1. 438 CO,, CO ¥ H.9 &%

Fig. 1 gt2el s o2 +5% CO.o FE=F
WL gz 2xd alA =47 Aol 227 F
7}atel] wel Farekol 7tastE AL BoiFa gck
o] FATL29 zebu]e|ES GAMS(General Al-
gebraic Modeling System)¢] w3 #=3} x2S
9l MINOS5& A1-4-3te] #H o] gtES 73t Fig 1
A £¥o2 HAHE HEL UFPLF & gelrh

10 T T T

B J
°
£
E
= _
c
3
]
E
L]
° 313K
% 333K
<
< . T
0 100 200 300 400

Pressure (kPa)

Fig. 1. Adsorption isotherms for CO; on activated carbon.
.-« Langmuir isotherm
--- Langmuir-Freundlich isotherm
— Flory-Huggins vacancy solution theory
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Fig. 2. Adsorption isotherms CO on activated carbon.
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Fig. 3. Adsorption isotherms for H; on activated carbon.
--- Langmuir isotherm
-+- Langmuir-Freundlich isotherm
— Flory-Huggins vacancy solution theory
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Fig. 4. Temperature dependency of Langmuir parameter
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Table 2. Langmuir parameter g, and b as a function of temperature(K)

Component Quae{mmol/g) b(li/kPa)
Exponential Linear Linear

CO, 638410/T! 23.50-0.05324- T 1.062 X 10" "exp(3195/T)

CO 1496/ T 10.56-0.01866- T 2.324 X 10 %exp(1172/T)

H. 15.96/T0-1269 3.321-0.0023- T 7.898 X 10 %exp(558.1/T)

slat 23 H33H H5E 19954 108
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Fig. 6. Adsorption equilibria for CO,-H; binary mixture
on activated carbon at 293 K.
— Coupled Langmuir isotherm
--- Coupled Langmuir-Freundlich isotherm
-+- Flory-Huggins vacancy solution theory
-~- Ideal adsorbed solution theory
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Table 3. Langmuir-Freundlich parameter Q... b and n as a function of temperature(K)

Component Quax{mmol/g) b(1/kPa)" 1/n
CO, 42.22/TV168 9.916 X 10~ "exp(18210/T) 1.3199-179.0/T
CO 1.129X 10%/T>" 3.822x 10 exp(6727/T) 1.4833-199.1/T
H. 84.62/T01 3.204 X 10 exp(3949/T) 1.1428-83.28/T

Table 4. F-H VST parmeters as a function of temperature(K)

Component ni (mmol/g) r{K) b.{kPa) — AH(cal/mol) m,(mmol/g)
CO, 18.81 2573%X10°° 152x107% 1404Q 0.1831
CO 15.74 110.2 240X1077 3370 0.1534
H: 11.34 1.333X10°¢ 1.51x107¢ 1275 0.2792
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Fig. 7. Adsorption equilibria for CO,-H, binary mixture
on activated carbon at 293 K.
— Coupled Langmuir isotherm
--- Coupled Langmuir-Freundlich isotherm
-+- Flory-Huggins vacancy solution theory
-=-- Ideal adsorbed solution theory
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Table 5. Average percent error for adsorption models

Component Binary mixture Ternary mixture
Model CO, H, CO, CO H,
Coupled Langmuir 7.0 314 289 90 138
Coupled Langmuir- 4.2 489 116 143 99

Freundlich
F-H VST 44 247 124 56 205
IAST 6.2 384 231 92 231

ExA0] 88%2t 12%7} SA Azste] dMFe ¥
471 dAH2 R Fste] PYetPE EasiEA
P37 H$olc) Fig 72 293 Kol 4] 443 H,& w A
FAAZ F ololA ¥ COE HAH S TF3)
Fo| ¥ Fo 7haA F2AAR AFe)). Fig 8&
313KellAl #14 £4% H,5 1013k Pav|gto g2 F%
A7 F 3039kPa7tAlE £48 CO.Z FYste] 3
A17) Fol 6078 kPa7tAl = oHA] £5+% Ho & 3931
F2A17 Ao}

AL 2D o3 AR e o] B3L Alole] &
2}2 Table 59 vpehgiel

Average percent error=

1 l Meat — naﬂ‘
No. of data Ny

X 100 @n

COll el = 48 #bo]zlgt coupled Langmuir
isotherm®.t}= coupled Langmuir-Freundlich iso-
therme| & B 2o vepgoh &, &3 ARl o
dlx A deld S&E4] HulE ol g¥e o £
Aol s M= 3 st=chs Zs}e]t} Coupled Lang-
muir isotherm#} IAST= CO,9) #3to] Eolalo)} ula}
227t AAE RIS BFoh 4, Ak ol 4
Langmuir isotherm-& A}-4-3 IAST7} coupled Lang-
muir isotherm@} ¥]5:& &R E HedF9l7] o
Foll ukEA bl & IASTE A28 FaAdo] o
A=A ¢tk F-H VST+ coupled Langmuir-Freund-
lich isotherm¥} v]5=3t & A& w2 BolFgc} F-
H VSTE 21-4-3te] E371419] F3}o) Lojih= Fabgd
Wel A5E dEsts FAEAS sewd A4aR o)
3l 2] 7] wf-Fol] wHE-A 4ko} B2 ¢lE coupled Lang-
muir-Freundlich isotherme] 7}3} 2 4& 7o 2 alg
Hr}.

H, 4§l COol wlshd exi7} As) 2 2
Astodct. COuell el Fel Hpoll o ¥ 2.3= coupled
Langmuir-Freundlich isotherm 2.t} coupled Langmuir
isotherm& A& wf o HA Jepgc) 7} He
2348 w470 71 F-H VST itk o] 4bol 4 Aol



g4k dg CO-CO-He

XCOo2

0.0 L L - I
0.

0 0.2 0.4 06 0.8 1.0

Y CcOo2
Fig. 9. Comparison of predicted models with experimental
data for CO,-H; binary mixtures on activated car-
bon at 333 K(P=202.6 kPa).
— Coupled Langmuir isotherm
--- Coupled Langmuir-Freundlich isotherm
--- Flory-Huggins vacancy solution theory
-~- Ideal adsorbed solution theory
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Fig. 10. Comparison of predicted models with experimen-
tal data for CO;-H, binary mixtures on activated
carbon at 333 K(P=303.9 kPa).
— Coupled Langmuir isotherm
--- Coupled Langmuir-Freundlich isotherm
-+~ Flory-Huggins vacancy solution theory
-~-Ideal adsorbed solution theory
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Fig. 11. Adsorption equilibria for CO,-CO-H; ternary
mixture on activated carbon at 293 K.
— Coupled Langmuir isotherm
--- Coupled Langmuir-Freundlich isotherm
-«- Flory-Huggins vacancy solution theory
-~-Ideal adsorbed solution theory
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Fig. 12. Adsorption equilibria for C0O,-CO-H; ternary
mixture on activated carbon at 293 K.
— Coupled Langmuir isotherm
--- Coupled Langmuir-Freundlich isotherm
--- Flory-Huggins vacancy solution theory
-~-Ideal adsorbed solution theory
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A :specific area of adsorbent [m?/g]

a; :molar area of component i [m?mol]

B :second virial coefficient

b; :Henry's law constant of compound i [mmol/g-
kPa]

bs :temperature independent constant character-
izing adsorption system [mmol/g-kPa]

M :number of components

m; :temperature independent constant character-
izing adsorption system [g/mrhol]

n :moles of component adsorbed per mass of ad-
sorbent [mmol/g] SN

n® :limiting amount adsorbed of pure component
i [mmol/g]

ng :limiting amount adsorbed of mixture [ mmol/g]

n; :temperature independent constant character-
izing each adsorption system [mmol/g]

n, :total adsorbed amount [mmol/g] -

n’ :amount of pure component i adsorbed at the
same total pressure [mmol/g]

P  :equilibrium adsorption pressure [kPa]

P. :critical pressure [kPa] ..

P, :reduced pressure

P; :partial pressure of component i [kPa]

P? :equilibrium pressure for pure i corresponding
to spreading pressure [kPa]

Q :heat of adsorption [J/mol]

q :moles of component adsorbed per mass of ad-
sorbent [mmol/g]

Qmar  limiting amount adsorbed of pure component
Cmmol/g]

r; :temperature-independent constant character-
izing adsorption system [K]

R  :gas constant [J/mol-K]

T :temperature of adsorption system [K]

T, :critical temperature [K]

T, :reduced temperature

x; :mole fraction of component i in adsorbed phase

x* :mole fraction of component j in vacancy solution
representing adsorbed phase

y; :mole fraction of component i in gas phase

aglojA 22X}

a  :sticking probability of accommodation coeffi-
cient for adsorption

a; :parameter describing nonideality in adsorbed
phase induced by interaction between species
iand j

a;, :parameter describing nonideality in adsorbed

phase induced by interaction between species
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iand v

Y¥F :activity coefficient of component i in surface
phase

0 :fractional coverage

k  :Boltzmann constant

v :collision frequency of gas molecules striking the
surface

n  :spreading pressure

o :standard deviation

o :fugacity coefficient of component i in gas phase

¥ :function

¥¢ :spreading pressure of component i

AHHX}

- :experimental value

(o] : pure component

s  :adsorbed phase
oo :limiting value

B X}

A :adsorption cell
i, j :component

L :gas supply cell

32128t X33H H|SE 199544 108

ST - 4494

s mixture
: total
: vacancy
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