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Adsorption Equilibrium of Ethane/Ethylene on AgNOj/clay Adsorbent
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Abstract — Adsorption isotherms of ethane and ethylene at 283 K, 298 K, 313 K, and 333 K, and binary adsorption equilib-
ria at 298 K and 313 K were measured on an Aghl@y adsorbent. Since ethylene forrssomplex with mono valent silver
ion, the amount adsorbed of ethylene on Aghdlay adsorbent was larger than that on bare clay adsorbent while the amount
adsorbed of ethane was smaller. Pure component adsorption isotherms of ethane were fairly well fitted even with the Langmuir
model and those of ethylene were well fitted with the Freundlich model or a model accounting for both physisorption and
chemisorption. Heats of adsorption of ethane and ethylene decreased with the increase of the amount adsorbed. Remarkably,
the heat of adsorption of ethylene was similar to that of ethameeal.2 mmol/g. Though the binary adsorptioniléiria
showed that ethane was adsorbed not only on the bare clay surface but also on silver nitrate, amounts adsorbed of ethylene and
ethane were well predicted under the assumption that ethane and ethylene are competitively adsorbed on the bare clay surface
and only ethylene is chemically adsorbed on the silver nitrate.
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Table 1. BET surface area, pore volume, and average pore size of substrate

and AgNQO, dispersed clay

gAgNQJ/g Average pore B.E.T. surface Pore

support  diameter(d)  area(m¥g) volume(cn¥g)
Clay substrate nil 40.3 391.5 0.42
AgNO/Clay 0.4 34.0 1718 0.23
Vacuum @

V5 \'Z

Vi sz V3X Sampler G.C
—><H @ 4 '

RV SV

Fig. 1. Schematic diagram of adsorption experimental apparatus.
SV: Sample cell RV: Reference cell
PG: Pressure gauge TC: Thermocouple
V: Hand control valve
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Fig. 2. Comparison of adsorption isotherms of 6H, and C,Hg on the bare
clay and AgNQj/clay adsorbent at 298 K.

Table 2. Langmuir parameters of ethane and ethylene on clay substrate

C2H4 CZHG
g(mmol/g) 0.73 0.72
bx1G(1/mmHg) 1.57 0.857
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Fig. 3. Adsorption isotherms of GHg on AgNOy/clay adsorbent.
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Fig. 4. Adsorption isotherms of GH, on AgNOJ/clay adsorbent.
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Table 3. Adsorption model parameters of ethane on AgNgxlay
Temp(K) 283 298 313 333

Langmuir gy, (mmol/g) 0.538 0577 0.490 0.673
bx1®(@/mmHg) 0468 0.315 0.281 0.131

ARD(%) 5.0 3.9 35 3.0
L-F g,(mmol/g) 4.03 3.90 2.74 1.34
bx1F(mmHg™ 0261 0.140 0.133  0.0960
nE-) 0.741 0.804 0.827 0.935
ARD(%) 1.3 12 0.9 2.0

Table 4. Adsorption model parameters of ethylene on AgNgclay

Temperature(K) 283 298 313 333
Langmuir g, (mmol/g) 1.70 1.52 1.32 1.61
bx1G(mmHg?) 922 759 614 208
ARD(%) 5.8 148 95 9.8
Freundlich K(mmol/lg mmHg") 0.260 0.180 0.117 0.0461
n-) 0.257 0.294 0.336 0.458
ARD(%) 097 15 048 3.2
L-F g, (mmol/g) 4.55 6.63 10.76  23.20
bx1F(mmHg™) 44.4 23.9 10.0 1.87
n-) 0.353 0.345 0.364 0.473
ARD(%) 015 0.6 051 3.3
Langmuir Gmdmmol/g) 299 251 285 283
+Unilan bx10%(1/mmHg) 0.585 0.822 0.262 0.292
s 6.23 5.68 561 3.99
ARD(%) 027 43 42 6.5
Langmuir O, dmmol/g) 0.305 0.203 0.131 0.0517
+Fruendlich n 0.217 0.261 0.306 0.430
ARD(%) 148 26 0.9 2.9
Langmuir g, (mmol/g) 2.44 2.99 4.19 37.6
+L-F bx1C(mmHg™) 783 525 259 1.33
n-) 0.404 0.375 0.375 0.439
ARD(%) 016 05 045 3.0

veRf=d ole a4 A5 o438t ot v B8l oy
7t Zorgg en gttt | dale] F2Re F2d<rT 27121 Freundlich
BY o2 Yehfoi= Ha oAt 1.5%¢] B
L-F 539 4& o|nr} 4SS sht o 7R 9l7] Wi 71&4 0

= & e e SRS THY - YA HE e
o] Eg]4 o]y} wol s},

Arreo] FalE ] ¢ke Zo] W] BT $3T7 n A BA
o 23 st FAGS Ve B4 wdzRY ogue] FAES o
&gt 495 Fig. 41 A veRidt) eEgA YA we SRR
Unilan?} Freundlich28]%Z L-FAlo2 Vel wf HE A4E Table 4
o Uepiglen o] f dddle) BuEF A e s A
Aot HE A2 7 I Unilan 2], @329 =71 2191
Freundlich?] 25 J@ZAHE 2 &3 9A% Freundlich4)-2 AHg-
39S AU Agdael eapt H A4S 4 4 sk

Fig. 5 &2hakol uh2 ogkz} Jgde] e nfa F4de o
ERfITh FHE-S 517 St ez AL s 43 ARS
7P A& d &l L-FAS A8l deke] 39 F3E-2 oF 4,000-
6,000 cal/mo == Wslshz 28 8 4 St} Addde] A9 d
AMret B 2 Fade] wst FAE A Adde] bkl 7}
£ AL-of= 9F 12,000 cal/mole] do]a F3Hako] 1.0 mmol/ge] gl
A= 2F 6,000 cal/mak: Eoi=e Aoz ety Jgale] A9
2ol 1.2 mmol/gel’dollx = &2arde] ¢F 5,000 cal/mdk <&t



AgNOy/clay] thg
C2H4/AG" ()
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7

14000 T T T T T T

12000 |-
3
£ 40000 |
g
c
2
0.
& 8000 |-
o
o
©
ks
[
£ 6000 -
]
e o4

4000 %

2000 | i ! | ! t

0.0 0.2 0.4 06 0.8 1.0 1.2 14
Amount adsorbed (mmol/g)

Fig. 5. Heats of adsorption of GH, and C,H with loading(filled symbols)
and heat of adsorption of GH, with C,H/Ag" ratio(empty symbols).
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Fig. 6. CH,/C,Hg binary adsorption equilibrium at 298 K.
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