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Active carbon-supported aluminium copper(I) chloride (AlICuCly) is prepared by mixing active carbon with
toluene solution of AlCuCl,, followed by the removal of the liquid phase at 6 mmHg, 100°C. The active
carbon-supported AlCuCl, rapidly adsorbs carbon monoxide (CO) at 20 °C under 1 atm from 9:1 CO-N,
mixture and the equilibrium molar ratio of adsorbed CO to A1CuCl, is 1.03. Adsorbed CO is desorbed either by
reducing pressure or by elevating temperature. In the second adsorption, which is carried out after the desorp-
tion at 6 mmHg, 20 °C for 10 min, the molar ratio of adsorbed CO to AICuCl, is 0.51. The molar ratios are
constant at 0.51 in the third and later adsorptions. The CO adsorbing ability of the active carbon-supported
AlCuCl, remains virtually unchanged on repeated contacts with nitrogen gas containing 9000 ppm of water.

Carbon monoxide (CO), a valuable raw material
in chemical industry,? is produced in large scale by
partial oxidation and water gas reaction of petroleum
or coal.? In addition, considerable amounts of CO
are present in exhausted gases from various chemical
plants. Since all of these sources of CO are gas mix-
tures with methane, hydrogen, nitrogen, carbon dioxide,
and water, separation and purification of CO from
gas mixtures are necessary.2.9

Many liquid absorbents for CO have been pro-
posed.2® The toluene solution of polystyrene-alu-
minium copper(I) chloride (AlICuCls) complex, devised
by the present authors,”® has reversibly absorbed
CO under mild conditions. AlCuCly, which is highly
reactive with water vapor, is protected from water
vapor by the polystyrene in the polymer-metal com-
plex, and thus separation of CO from gas mixtures
containing water vapor is successfully achieved with
the absorbent.

In contrast to a number of proposals on liquid CO
absorbents, reports on solid adsorbents for CO are
scanty. Although Y zeolite-supported Cu(I)ion adsorb-
ed CO, the adsorption was so strong that adsorbed
CO did not effectively desorb even at 10~¢mmHg
(1.0mmHg=1.33X102Pa).? In the case of the adsorb-
ents composed of Cu(I) ion and zeolites having high
Si02/A1:03 molar ratios,!® the amounts of Cu(I) ion,
and thus the amounts of adsorbed CO, per 1 g adsorb-
ents were small due to small ion-exchange capacities
of the zeolites.

In preliminary communications, the authors report-
ed solid CO adsorbents composed of AlICuCls and active
carbon!? or polystyrene resin.!? These adsorbents ex-
hibited reversible adsorptions of CO under mild con-
ditions and were stable against water in gas mixtures.

In this paper, CO adsorbing and desorbing abilities
of adsorbents composed of AlICuCl, and active carbon
as well as their water-resistance are reported in detail.
The selectivity of the adsorbents for the adsorption of
CO with respect to the adsorptions of other gases is
shown. Furthermore , results of measurements of pore
size distributions both for the adsorbents and for the

original active carbon are presented. The mechanism
of the water-resistance of the present adsorbents is
discussed in terms of these results.

Experimental

Materials. Active carbon, prepared from petroleum
pitch, was obtained from Kureha Chemical Industry Co.
(BAC G-70R, Lot No. 810117, average diameter ca. 0.7
mm), and was subjected to a reduced pressure (6 mmHg) at
200°C immediately before use.

Aluminium chloride (Kishida Chemical Co., guaranteed
grade) was purified by sublimation. Copper(I) chloride (Koso
Chemical Co., guaranteed grade) was reprecipitated from
concentrated hydrochloric acid solution by the addition of
water, followed by washing successively with ethanol and
diethyl ether, and then was dried in vacuo.!® Toluene was
dried over metallic sodium and was distilled.

Carbon monoxide gas and nitrogen gas, which had purities
of 99.95 and 99.999%, respectively, were passed through the
columns of molecular sieve 3 A immediately before use.

Preparation of Adsorbent. 20.0 mmol of aluminium chlo-
ride and 20.0 mmol of copper(I) chloride were magnetical-
ly stirred in 20 cm? of toluene at 50°C for 4 h under dry nitro-
gen. The resultant homogeneous dark-colored toluene solu-
tion of AICuCly was added to 10g of active carbon, kept
in an evacuated 100 cm? vessel, avoiding contamination of
air with the use of a dropping funnel. The mixture was
stirred with a magnetic stirrer for 1h, and then the liquid
phase was thoroughly removed at 6 mmHg, 100°C for 1h.
The adsorbents were obtained as black to grey beads.

Solid of AlCuCly without active carbon was prepared as
described above except for the absence of active carbon. The
solid was white to grey aggregates.

Determination of the Amount of Metal Salt in the Adsorb-
ent. The adsorbent was thoroughly washed by stirring for
6h in three portions of aqueous hydrochloric acid solution
(3 mol dm-3, total volume 1500 cm?). The total amounts of
copper atoms in the solution were evaluated by atomic
absorption spectroscopy (Shimadzu Co., model AA-646).

Measurement of BET Surface Area and Pore Size Distribu-
tion. BET surface area was calculated from desorption iso-
therm of nitrogen at 77 K. Pore size distribution was deter-
mined also from the isotherm by the method of Dollimore.14
The method takes advantage of capillary condensation the-
ory and is based on the assumption of cylindrical pores with
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Fig. 1. Apparatus for measuring the amount of CO
adsorbed by the adsorbents or desorbed from them;
1: adsorbent; 2: flask; 3: gas burette; 4: gas pump
A; 5: gas pump B; 6: gas reservoir for nitrogen
containing water; 7: leveling liquid (toluene); 8:
magnetic stirrer.

radius r. The value Av/Ar is obtained as a function of r,

where Av is sum of volume for the pores having radii be-
tween r and r+Ar. Desorption isotherm of nitrogen at 77K
was measured on a Calroerba Co. Sorptomatic Series 1800.
Measurement of CO Adsorption and Desorption. The
adsorptions of CO from CO-Nz mixtures by the adsorbents
were carried out at 20°C under the atmospheric pressure
using the apparatus depicted in Fig. 1. Uptake of CO was
followed by a gas burette (3) using toluene as leveling
liquid (7). The flask (2) containing the adsorbent (1) under
nitrogen was connected with CO or CO-Nz mixtures, and
the adsorption was initiated by circulating the gas with the
use of gas pump A (4). The circulation was effected for the
first 10 min at a rate of 30 cm3s~? in order to mix the gas
phase sufficiently.

The desorption of the adsorbed CO was carried out either
by reducing the total pressure in the flask at 20°C for 10 min
or by elevating temperature from 20°C to a predetermined
temperature.

Contacts of the Adsorbent with Water Vapor. The con-
tact of the adsorbent with water vapor was effected by
circulating 5000cm?® of nitrogen gas, which had total
pressure of 1 atm and contained 2.0 mmol of water (water
content 9000 ppm), for 10 min on the magnetically stirred

adsorbent with the use of a gas pump B (5). The nitro-
gen-water mixture was prepared by the introduction of water
into an evacuated 5000 cm3 vessel ((6) in Fig. 1) using a
microsyringe, followed by the addition of dry nitrogen gas

in an amount required to make the total pressure atmo-
spheric.

Results

Preparation of Active Carbon-Supported AlCuCla.
Toluene solutions of AlICuCls were obtained as homo-
geneous dark-colored solutions by heating aluminium
chloride and copper(I) chloride at charged molar ratio
unity in toluene. On the addition of the toluene solu-
tion of AICuCls to active carbon, the color of the
liquid phase rapidly decolorized. This result shows
specific interactions between active carbon and
AlCuCls. On removal of the liquid phase, active car-
bon-supported AICuCls was obtained as black to grey
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Table 1. BET Surface Areas of Adsorbents
BET surface area
Adsorbent
m2g-1
Active carbon-supported AlICuCl,® 870
Original active carbon 1230

a) The adsorbent was prepared from 20.0 mmol of

AlCuCly and 10g /of active carbon, and contained
17.2 mmol of AlCuCla.

[N
[=]

Alvicmd.g) 1 Alog(r/R)
=

Fig. 2. Pore size distributions in the active carbon-
supported AlICuCl4 (—) and original active carbon

(-—-): Av is sum of volume for the pores having
radii between r and r+Ar.

beads.

The atomic absorption spectroscopy showed that
17.2 mmol of AICuCl; was supported to 10 g of active
carbon, when 20.0mmol of AlCuCls in 20cm3 of
toluene was treated with the active carbon. Thus, 86%
of the charged AlCuCls was supported to the active
carbon under these conditions.

Table 1 shows the results on the measurement of
BET surface area. The surface area (870 m2g!) for
the adsorbent is about 70% of the value (1230 m2g™1)
for the original active carbon.

Figure 2 depicts pore size distribution either in the
present adsorbent (the solid line) or in the original
active carbon (the dotted line). The ordinate (Av/Ar)

approximately corresponds to number of pores. The
number of pores with radii smaller than 15A for the
present adsorbent is significantly smaller than the value
for the original active carbon. In contrast, the number
of pores with radii larger than 15 A is almost identical

with the value for the original active carbon. This
result shows that small BET surface area (870 m2g~1) of
the present adsorbent, compared with the value (1230
m2g~1) of the original active carbon, is almost totally
attributable to decrease in the number of pores with
radii smaller than 15A.

Adsorption and Desorption of CO by the Active
Carbon-Supported AICuCls. As shown by the open
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Fig. 3. Adsorption of CO by the active carbon-
supported AlCuCls at 20°C under 1 atm: the
desorption conditions were 6mmHg at 20°C for
10min for (a), and 100°C, 1 atm for (b); the first
adsorption by a virgin adsorbent (O); the second
adsorption by the adsorbent which was subjected
to the desorption conditions after the first adsorp-
tion (@); the adsorbent was prepared from 20.0
mmol of AlCuCls and 10g of active carbon, and
contained 17.2mmol of AlICuCly; the initial volume
of gas mixture was 1500 cm3 and the initial partial
pressures of CO and Nz were 0.9 and 0.1 aum,
respectively.

[=)

o

circles in Fig. 3(a), the adsorbent rapidly adsorbs
CO on the contact with 9:1 CO-Nz mixture at 20°C
under 1 atm. After 10 min, the amount of adsorbed CO
is 15.6 mmol, which is 88% of the equilibrium value
(17.7 mmol) determined after 60 min. The equilibrium
molar ratio of adsorbed CO to the AlCuCl4 supported
to active carbon is 1.03; the amount of the supported
AlCuCly is 17.2 mmol.

After being subjected to a reduced pressure (6 mmHg)
at 20°C for 10 min, the adsorbent was again contacted
with 9:1 CO-Nz mixture. The adsorbent showed a
rapid adsorption and the equilibrium value of adsorb-
ed CO was 8.8mmol (@ in Fig. 3(a)). The equilib-
rium value for the third adsorption by the adsorbent,
which was subjected to a reduced pressure (6 mmHg)
at 20°C for 10min after the second adsorption, was
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Table 2. Effect of CO Partial Pressure on the
Amount of CO Adsorbed by the Active
Carbon-Supported AlCuCly at 20 °C®

ggs’sﬁfal Molar ratio of CO adsorbed
in 60 min to AICuCly
mmHg
152 0.13
380 0.36
684 1.03
760 1.05

a) AlCuCly, 17.2 mmol; active carbon, 10g.
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Fig. 4. Absorption or adsorption of CO by a toluene
solution of AICuCl4 (O) or by a solid of AICuCls (@)
at 20°C under 1 atm: the initial partial pressure of
CO for the absorption by the toluene solution was 0.8
atm, whereas that for the adsorption by the solid was
0.9 atm; the amount of AlICuCls, 20.0 mmol.

also 8.8 mmol. The CO adsorption-desorption cycle,
composed of the adsorption of 8.8 mmol of CO at
760 mmHg and the desorption of almost the identical
amount of CO at 6 mmHg, was repeated five (the
maximum number examined) times without measur-
able deterioration.

The adsorbed CO was also desorbed by elevating
temperature (Fig. 3(b)). The active carbon-supported
AlCuCls, which was prepared separately, adsorbed
17.7 mmol of CO on the first contact with 9:1 CO-N,
mixture at 20°C (the open circles). On the elevation
of temperature from 20 to 100°C under 1 atm, the
adsorbent rapidly desorbed 11.0 mmol of CO. In the
following adsorption, the equilibrium value of the
adsorbed CO was 11.0mmol (the closed circles in
Fig. 3(b)). The cycle involving the adsorption of
11.0 mmol of CO at 20°C, followed by the desorption
of 11.0 mmol of CO at 100°C, was repeated five times
without deterioration.

Table 2 shows the dependence of the amount of CO
adsorbed by the active carbon-supported AICuCls on
the partial pressure of CO in CO-N2 mixtures. The
molar ratio of the adsorbed CO to AICuCly, supported
to active carbon, decreases with decreasing partial
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Table 3. Adsorbing Capacities of the CO Adsorbents and Absorbent®

Adsorbent or absorbent

CO adsorbed in 60 min

Amount/mmol Molar ratio

to AlCuCly
Active carbon-sug})orted AlCuCl1,>? 17.7 1.03
Solid of AlICuCl, 14.69 0.85
Toluene solution of AlICuCl” ‘14.4 0.84
Original active carbon © 3.39 —

a) At 20°C; initial volume of gas mixture 1500 cm3; initial partial pressures of CO and N, respectively, were

0.9and 0.1 atm. b) AICuCly, 17.2 mmol.

c) Active carbon, 10g. d) This value was estimated from theresult

in Fig. 4, using the fact that the amount of adsorbed CO was proportional to the amount of AICuCls. e)
The measurement was carried out using helium, in place of nitrogen, as balance, since the magnitudes
of adsorptions of CO and Nz to active carbon were comparable with each other, and adsorption of helium

was negligibly small (Table 5).

pressure from 1.05 at 760 mmHg to 0.13 at 152 mmHg.

For the purpose of comparison, the time course of the
CO absorption by a toluene solution of AICuCls (O)
and the time course of the adsorption by a solid of
AlCuCl, (@) without active carbon are depicted in Fig.
4. The toluene solution of 20.0 mmol of AICuCly in
20 cm? of toluene rapidly absorbs CO from 8:2 CO-N:
mixture. The equilibrium amount of absorbed CO,
determined after 60 min, is 14.0 mmol (CO/AlCuCls=
0.70). The solid of 20.0 mmol of AICuCly also adsorbs
CO on the contact with 9:1 CO-N2 mixture. The rate
of adsorption, however, is much smaller than the value
for the active carbon-supported AlCuCls adsorbent,
and the adsorption does not attain an equilibrium
even after 6 h.

Table 3 lists the amounts of CO adsorbed or absorb-
ed for 60 min by the three types of the adsorbents and
absorbent as well as the value for the original active
carbon. The active carbon-supported AlICuCly adsorbs
CO about equimolar to AlCuCls, and shows larger
adsorbing capacity either than the toluene solution
of AICuCls or than the solid of AICuCls. The CO
adsorbing ability of the original active carbon itself
is small under these conditions.

Desorption of Adsorbed CO under Various Desorp-
tion Conditions. The effect of desorption conditions
on the degree of desorption of adsorbed CO from the
adsorbent is shown in Table 4. Here, the degrees of
desorption under the specified conditions are express-
ed in terms of the ratios of the amounts of desorbed
CO to the capacities of the adsorbent (the amounts
of CO adsorbed in the first adsorption by a virgin
adsorbent). The first adsorption ‘and the second one
by the adsorbent, which was subjected to the specified
desorption conditions after the first adsorption, were
carried out, keeping the adsorption conditions con-
stant: 20°C and the initial CO pressure 0.9 atm. The
amount of the CO desorbed under the desorption con-
ditions was evaluated from the amount of CO adsorb-
ed in the second adsorption.

When the desorption conditions are 20°C, 6.0
mmHg, the amount of adsorbed CO in the second
and later adsorptions is 8.8 mmol, as depicted in Fig.

Table 4. Dependence of the Amount of Desorbed
CO on the Desorption Conditions for the
Active Carbon-Supported AlICuCl,®

Desorption conditions

T/°C Pressure/mmHg

Ratio of amount of desorbed
CO to adsorbing capacity”

20 6.0 0.50
20 0.4 0.61
100 0.4 0.91
180 0.4 0.99
180 760.0 0.72
100 760.0 0.62

a) AlCuCly, 17.2mmol; active carbon, 10g. b) The
ratio of the amount of desorbed CO under specified
conditions to the amount of CO adsorbed in the first
adsorption by a virgin adsorbent.

Table 5. Adsorbing Capacities of the Active Carbon-
Supported AICuCls and the Original Active
Carbon for Various Kinds of Gases®

Amount of gas adsorbed by 1g of
Adsorbent/cm3 g1

Gas
Active carbon-supported Original
AlCuCl4 active carbon
H: 0.0 0.0
He 0.0 0.0
N2 0.8 7.2
Ar 0.9 6.3
CHj4 4.2 21.5
CO 24.1 9.5

a) Gas pressure 1 atm, 20°C.

3(a). Thus, 50% of CO with respect to the amount
(17.7 mmol) adsorbed in the first adsorption is desorbed
under the above conditions.

Almost all of the adsorbed CO is desorbed at a
reduced pressure and a high temperature: 0.4 mmHg
and 180°C. When these desorption conditions are used,
17.7mmol of CO is separated by each of adsorption-
desorption cycles.

Selectivity of CO Adsorption for the Active Carbon-
Supported AICuCls. Table 5 shows adsorbing capaci-
ties on various gases for the active carbon-supported
AlCuCls. The adsorbent exhibits no measurable ad-
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Fig. 5. CO adsorbing capacity of the active carbon-
supported AlCuCls before (O) and after (@) the
contact of the adsorbent with 5000cm?3 nitrogen
gas containing 2.0mmol of water (water content
9000 ppm) for 10min: The adsorptions of CO were
carried out by the contacts with 9:1 CO-N2z gas
mixtures at 20°C, 1 atm; the desorptions of CO were
achieved at 20°C, 6 mmHg for 10 min.

sorption of hydrogen or helium at 1 atm, 20°C.
Adsorption of nitrogen or argon is not significant
either. The amount of methane adsorbed is only 17%
of the value of CO.

In contrast, the amount of methane adsorbed by
the original active carbon is more than two times as
large as the value of CO. The active carbon also
shows considerable adsorptions on nitrogen and argon,
although the adsorptions of hydrogen and helium
are minimal.

Water-Resistivity of the Active Carbon-Supported
AlCuCls. The open circles in Fig. 5 exhibit the
adsorption of CO by the active carbon-supported
AICuCly, which has adsorbed 17.7 mmol of CO on the
first contact with 9:1 CO-N2 mixture (see Fig. 3), and
then has been subjected to a reduced pressure (6 mmHg)
at 20°C for 10 min. Without contacts of the adsorbent
with water vapor, almost identical time courses were
obtained for repeated CO adsorptions (Fig. 3(a)).

The closed circles in Fig. 5, which are for the
adsorption after the contact of the adsorbent with
nitrogen containing 2.0 mmol of water (water content
9000 ppm) for 10min, almost perfectly superimpose
the open circles for the adsorption prior to the con-
tact. Thus, water vapor has no measurable effects on
the activity of the active carbon-supported AlCuCly
with respect to both the rate of CO adsorption and
the adsorbed amount. Even after the contacts of the
adsorbent with nitrogen gas containing 2.0 mmol of
water, prepared separately for each contact, are repeat-
ed five times (total period of the contact is 50 min and
total amount of water is 10 mmol), both the rate of
adsorption and the equilibrium value of adsorbed CO
are also identical with the values prior to the contacts
(Table 6).

In contrast, the CO adsorbing activity of solid of
AlCuCly without active carbon largely decreases on the
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Table 6. Water Resistivities of the Adsorbents®

Number of repeated

. . . b
contacts of the Relative adsorbing capacity

adsorbents with Active carbon- AlCuCl,
water vapor supported AICuCL®  solid®

0 100 100

1 102 59

2 103 54

3 99 —

4 101 —

5 100 -

a) Adsorbents were contacted with 5000 cm? of N2 gas
containing 2.0mmol of water (water content: 9000
ppm) at 20°C for 10min. b)The ratios in percent
of the amounts of CO adsorbed after the contacts with
water vapor to the value for the adsorbent without
the contacts. c¢) AICuCls, 17.2mmol; active carbon
10g. d) AlCuCly, 20.0 mmol.

contacts with water vapor, as also shown in Table 6.
Discussion

Preparation of Active Carbon-Supported AlCuCls.
Significant decrease (360 m2g—!) of the BET surface
area of active carbon on the formation of the adsorb-
ent from active carbon and AlCuCls (Table 1) shows
that the double salt is supported on the surface of the
pores in the active carbon. AlCuCly largely exists in
the pores with radii smaller than 154, as clearly seen
by the decrease of number of these small pores on the
formation of the adsorbent (Fig. 2). Thus, the double
salts in the adsorbents are mostly in their monomeric
or dimeric forms. A possibility of formation of large
aggregates of the salts is ruled out, since they are too
large to be accommodated in these small pores.

Rough estimation, based on the decrease (360 m2g~1)
of the BET surface area and the amount (17.2 mmol) of
AlCuCly supported to 10 g of active carbon, indicates
that one molecule of the double salt occupies around
35A2 of the surface area of the active carbon. The
double salts are separated from each other by about
6A on the surface.

Presence of AICuCly in such a close proximity with-
out mutual aggregation is attributable to specific and
strong interactions between the double salt and the
condensed aromatic rings of active carbon. AlCuCly
forms charge-transfer complexes with various aromat-
ic compounds such as benzene,!® toluene,® and
mesitylene,18 and thus easily dissolves in these aromatic
solvents.

Adsorption and Desorption of CO by the Active
Carbon-Supported AlICuCls. The adsorption of CO
by the adsorbent is ascribed to complex formation of
AlCuCly with CO. Active carbon alone exhibits a
small adsorption of CO (Table 3). Physical adsorp-
tion of CO by the adsorbent is ruled out, since the
adsorptions of gases other than CO, e.g. methane, nitro-
gen, and argon, by the present adsorbent are, in con-
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trast with promotion of CO adsorption, less efficient
than the adsorptions by the original active carbon
(Table 5).

High selectivity of CO adsorption for the present
adsorbent (Table 5) is attributable to effective cover-
age of the surface of active carbon by AICuCls. CO is
sufficiently adsorbed by coordination to the double
salt (vide infra), whereas physical adsorptions of
other gases by the active carbon is suppressed by the
AlCuCls.

Therate of adsorption of CO by the present adsorbent
is almost identical with the value for the toluene
solution of AICuCly (Figs. 3 and 4). This is ascribed to
high and virtually molecular dispersion of AICuCls on
the surface of the active carbon. In addition, CO can
effectively diffuse to the double metal salt through the
pores in the active carbon. The adsorption by solid
AlCuCly (Fig. 4), which has not a high dispersion, is
much slower than that by the active carbon-supported
AlCuCls.

Larger amount of the adsorbed CO for the active
carbon-supported AICuCls (103 mol% with respect to
AlCuCly: Table 3) than that (84 mol%) for the toluene
solution of AlCuCly is associated with absence of
competition between CO and toluene in the complex
formation with AICuCls. On the CO absorption by the
toluene solution, CO coordinates to A1CuCl4 by replac-
ing a toluene molecule which is originally complexing
with the double salt.1®

The adsorption of CO by the adsorbent takes place by
the coordination of CO to the vacant coordination site
at copper(I) ion in AICuCls. The vacant coordination
site is produced during the process of the preparation of
the adsorbent. Here, A1CuCly, in which the copper(I)
ion is complexing with toluene, is first supported on
the surface of the active carbon, and then the toluene is
removed by evaporation. By the coordination of CO to
the vacant site, the copper(I) ion takes the most stable
tetrahedral and four-coordinate state.!?

Desorption of the adsorbed CO is accompanied by the
structural change of the copper(I) ion from the stable
four-coordinate state to less stable three-coordinate
state. This process requires a considerable activation
energy and thus rather severe conditions (180°C,
0.4 mmHg) are required to desorb all the adsorbed CO
during the desorption period 10 min employed in the
present study (Table 4). The amount (50 mol% with
respect to AlCuCly) of CO desorbed at 20°C, 6 mmHg
for 10 min (Table 4) is considerably smaller than the
value (90 mol%) estimated for milder desorption condi-
tions (20°C, 152 mmHg) under the assumption that
an equilibrium is attained in 10 min for desorption.
If this assumption were valid, the desorbed amount
at 20°C, 152mmHg should be the difference (90
mol%) between the amount (103 mol%) adsorbed at
20°C, 684mmHg (the CO partial pressure in 9:1
CO-N; mixture at 1 atm) and the value (13 mol%)
adsorbed at 20°C, 152 mmHg (see Table 2).
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A prolonged desorption (3h) at 20°C, 6 mmHg
increased the amount of desorbed CO from the value
(50 mol%) for the 10 min desorption to 57 mol%.

With the present solid adsorbent, pressure-swing
separation, which takes advantage of change in partial
pressure of CO and is not possible with the use of
liquid absorbents, is successfully carried out (Fig. 3 (a))
in addition to thermal-swing separation using change
in temperature (Fig. 3 (b)). By use of adsorption-desorp-
tion cycles composed of the adsorption at 20°C, 1
atm from 9:1 CO-N; mixture and the desorption at
20°C, 6 mmHg, 8.8 mmol of CO is separated. Each of
the cycles involving the adsorption at 20°C, 1 atm and
the desorption at 180°C, 0.4mmHg separates 17.7
mmol of CO (Table 4).

Water-Resistivity of Active Carbon-Supported
AICuCls. Stability of the present adsorbent against
water vapor, clearly shown in Fig. 5 and Table 6, is
attributable to protection of the double metal salt by
active carbon, since the solid of AlCuCls without
active carbon is rapidly deactivated with water vapor
(Table 6). Toluene solutions of AlCuCls are also
easily deactivated by water vapor.5-® In the present
adsorbent, AlCuCl, is almost molecularly dispersed
and is located in the micropores with radii smaller
than 15A (Fig. 2). The inside of the micropores is
rather hydrophobic, since the pores are surrounded by
the walls of fused aromatic rings. Thus, AICuCl4 can
be shielded from water vapor in the micropores. In
addition, diffusion of water vapor to the inside of quite
small micropores through hydrophobic pores should
be less efficient, which is also favorable for the stability
of the double metal salt.

The argument is consistent with the previous result?
that cross-linked polystyrene-supported AlCuCly is
also a water-resistant CO adsorbent. There, AICuCl4
is located in the micropores of the polystyrene resin,
and is protected by the hydrophobic aromatic rings.

Water-resistivity of the present adsorbent is quite
important from the viewpoints of practical applica-
tions, since the sources of CO in industry are usually
saturated with water. With this adsorbent, separation
of CO from the gas mixtures containing water can be
achieved without severe dehydration of the feed gases
by pretreatments.

The authors would like to thank Dr. Toshio Osawa
at the University of Tokyo for his assistance in the
measurements of the BET surface area and pore size
distribution.
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