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Adsorption Equilibrium of Binary Mixtures of Carbon Dioxide and Water Vapor

on Zeolites 5A and 13X

Yu Wang and M. Douglas LeVan*

Department of Chemical and Biomolecular Engineering, Vanderbilt University, Nashville, Tennessee 37235

Adsorption equilibria were measured for binary mixtures of carbon dioxide and water vapor on zeolites 5A
and 13X using a volumetric apparatus. The experiments were conducted at (0, 25, and 50) °C with water
loadings of (1.0, 3.4, and 9.4) mol-kg . With an increase in adsorbed water loadings, the loadings of
weakly adsorbed CO, decrease appreciably. Pure component data are described well by a multitemperature
Toth isotherm. Binary data show a discrepancy with predictions of the ideal adsorbed solution theory (IAST)
but are described well by avirial excess mixing coefficient (VEMC) model, which adds corrective terms to
the IAST to account for nonidealities. Data measured at lower CO, partial pressures and higher water loadings
show indications of chemisorption and carbonate formation.

Introduction

The emission of CO, from the combustion of fossil fuelsisthe
major reason for the accumulation of CO, in the atmosphere and
is contributing significantly to global warming.* Also, the need to
remove water vapor and carbon dioxide from air is encountered
in many applications such as air separation, purification, environ-
mental protection, and spacecraft atmosphere revitaization.? Ad-
sorption is one of the technologies used to address these issues
and is targeted for expanded applications. Impurities like water
vapor and carbon dioxide will detrimentally affect the capacity of
adsorbents used for separation or purification.® Therefore, equi-
librium information for water vapor and carbon dioxide is needed
for process designs. However, experimenta equilibrium data over
a broad range of temperatures and concentrations, especialy
mixture equilibrium data, are extremely scarce.

Zeolites are selective adsorbents for the removal of carbon
dioxide, water vapor, and other impurities from mixtures. Water
is a strongly adsorbed component on zeolite. Thus, a trace
amount of water vapor will dramatically affect the adsorption
of CO, by the zeolite. Because of insufficient data for these
systems, an understanding of the effect of water on the
coadsorption of carbon dioxide is largely lacking.*®

The mechanism of CO, adsorption on zeolites has been studied
and is reported to involve both physica adsorption and chemisorp-
tion.®® Bertsch and Habgood® measured infrared spectra of small
amounts of water and CO, up to one molecule per cavity adsorbed
on LiX, NaX, and KX zeolites. The adsorption of CO, appearsto
involve both physical adsorption in a linear configuration a a
cation, which isthe major part of the adsorption occurring at higher
pressures, and chemisorption in one or more bent configurations,
which is thought to involve the formation of carbonate ions by
interaction with surface oxide groups. The authors suggested that
thereislittle chemisorption beyond gpproximately 0.5to 1 molecule
per cavity, and consequently chemisorption would not be readily
detectable from normal isotherm measurements. Also, they studied
the interaction of water and carbon dioxide on the zeolite surface
and showed that the presence of roughly equivalent amounts of
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water and carbon dioxide greetly increases the rate of carbon
dioxide chemisorption in the low concentration range. Montanari
and Busca’ used IR spectroscopy to investigate the mechanism of
adsorption and separation of CO, on zeolites 3A, 4A, and 5A and
found that CO, adsorption in the form of both linear molecular
species and carbonate species occurs mogtly at the externa surface
of 3A zeolite and in the cavities of 4A and 5A zeolites.
Bdltrusaitis et a.>'° investigated CO, adsorption at the
adsorbed water/iron oxide interface under ambient conditions.
They reported Fourier transform infrared (FTIR) spectrafor CO,
adsorption in the presence and absence of coadsorbed water on
hydroxylated nanoparticulate Fe,O5; and y-Al,O; at 296 K. They
concluded that CO, can react with surface OH groups to form
adsorbed bicarbonate on the surface in the absence of coad-
sorbed water, and CO, reacts with adsorbed water to yield
adsorbed carbonate and protonated surface hydroxyl groups with
coadsorbed water instead. They proposed a mechanism for
surface reactions of CO, at the adsorbed water—oxide interface.
Li et al.** studied adsorption equilibria for a binary mixture
of CO, and H,0O on activated alumina at several temperatures
and over a wide range of concentrations (4 % to 90 % of the
saturated water vapor pressure). They found that the adsorption
of H,O was mildly depressed by competition from CO, at lower
relative humidity and that the loading of CO, is amost
unchanged with only a slight decrease at higher water humidity.
Rege and Y ang* developed a FTIR method to study the binary
adsorption of CO, and H,O at low concentrations on two
adsorbents, 13X zeolite and y-Al,Os. Their results show a
distinct enhancement in the amount of CO, adsorbed at low
concentrations with H,O present in trace amounts. The enhance-
ment gradually decreased and finally disappeared as the CO,
partial pressure increased. The reason for the enhancement in
CO, adsorption was unknown and was explained by two
possibilities: catalysis of the formation of bicarbonate species
on the sorbent surface by adjacent H,O molecules or enhance-
ment in adsorbate diffusion due to the occupation of high energy
sites by water molecules.* The experimental mixture data were
fit to the Doong—Yang model and also as an idea adsorbed
solution to the Dubinin—Astakhov equation. The Doong—Y ang
model gave a marginally better description. Both models
underpredicted CO, adsorption at very low partia pressuresin
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the presence of trace amounts of moisture. As an aternative
finding, Brandani and Ruthven® showed that small amounts of
water inhibit the adsorption of CO, on severa different cationic
forms of zeolite X (NaLSX, LiLSX, and CaX) using the zero
length column technique.

In our previous paper,” we reported pure component
isotherms for water vapor and carbon dioxide on zeolites 13X
and 5A over the temperature ranges of (—45 to 175) °C. The
measurement was accomplished by using a volumetric adsorp-
tion apparatus with a circulation pump in a closed loop design
to accelerate the attainment of equilibrium. The isotherms are
described well by a Toth model with parameters having
temperature dependence.

Binary isotherms of water vapor and carbon dioxide are
reported in this paper. The binary adsorption data were measured
on zeolites 13X and 5A using our volumetric adsorption
apparatus at the three water loadings of (1.0, 3.4, and 9.4)
mol -kg~! and temperatures of (0, 25, and 50) °C. The idea
adsorbed solution theory (IAST) and viral excess mixture
coefficient (VEMC) model in conjunction with the Toth
isotherm model are applied and compared to describe the
mixture equilibria.

I sotherm Models. The adsorption of water vapor and carbon
dioxide as pure components on zeolites 13X and 5A is described
well by a Toth model with temperature-dependent parameters'?

0= n = Ltljt (1)

N [1+ (bP)]
where ns is the saturation capacity, b is an equilibrium constant,
and t characterizes heterogeneity of the adsorbent. For the tem-
perature dependence, b takes agenerd form of the adsorption affinity

12

b = by exp(E/T) ©)
and t has the empirical functional form*®
t=t,+aT 3)

The IAST has been reviewed extensively in the literature** 6
and has been successfully applied to idea mixtures. The
fundamental requirement for adsorption is the mixing of
components at a common spreading pressure z. For a pure
component, spreading pressure is calculated using

TA Tk

RT~ Jo P o P @
For the ideal adsorbed solution, the relationship between the
adsorbed and the bulk phase is described by the analogous
Raoult’s law relationship

P, = yP = xP)(x) ®)

where PY(7) is the partial pressure of pure component i, calculated
using eg 4, at the spreading pressure and temperature of the mixture.
The total adsorbed-phase loading ny is calculated from

1 %
3 (6)
i=1 n
where n?(P?) is the amount adsorbed in the standard state

calculated from the pure component isotherm. Quantities of
individual components adsorbed are given by

n = X, ™)

In the IAST model, pure component isotherms can be of any
physically meaningful form. Here, the Toth model with the
temperature-dependent parameters™ is used.

The IAST assumes that the adsorbed phase forms an ided
solution, and therefore it will provide a better description for
ideal or nearly ideal systemsthan for nonideal systems. Various
approaches have been developed to correct for the deviation of
areal adsorbed solution from an ideal adsorbed solution. Among
them, the VEMC model is promising as a genera approach to
describe multicomponent adsorption equilibriafor both nonideal
and idedl systems.*"*8 The model attributes the mixture adsorp-
tion equilibrium to contributions from an ideal adsorbed solution
and corrections for nonideality based on excess mixture coef-
ficients devel oped through the two-dimensional virial equation
of state (EOS) approach. Multicomponent adsorption equilibria
can be described by the two-dimensional virial equation

J'[A L1 2 ZnnBij + Alzz 2 zk:ninjnkcijk + ...
i
)

where A is the specific surface area of the adsorbent and B;;,
Cij, and so forth are the virial coefficients.

Rearranging eq 8 for abinary system to group terms for pure
components and the mixture gives

TA 1 2, 1 3
ﬁ =n + Z\Bllnl + chmnl + ..

1 2 1 3
+n, + Z\Bzzn2 + A_\2C222”2 +

2 3 > 3 2
+ Z\Blznlnz + chmnl n, + Ecmn2 n, + ..

)

With surface mixing considered to arise from an ideal surface
mixing contribution and an excess surface mixing contribution,
the virial coefficients can be written

B, = B} + B (i =j) (10)
i=j=ki=j=K
(11)

_ id E
Ci= C;jk + G

where BI,d and C.,k are the viria ideal mixing coefficients, which
represent the contributions from the ideal adsorbed solution, and
Bf and Cly are the viria excess mixing coefficients, which represent
the contributions that describe the deviation of a real adsorbed
solution from the ideal adsorbed solution. Collecting terms and
rewriting eq 9 gives

id
aA_aA L aA L aAY | aAf
RT RT purel RT pure2 RT mixing RT mixing
_ 7A + J‘L’_A
RT RT mixing
TA 2
= RT ns + KBlznln2 + annl n, +
C122n2 n, + ..

(12)

where the terms on the right side are contributions to the
spreading pressure of the mixture.

The VEMC model describes the nonideal multicomponent
adsorption equilibrium through the IAST with a correction using
VEMCs. The equations for a binary mixture are'®
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Figure 1. Impact of CO, on H,O coadsorption.
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The leading term on the right-hand side is the contribution from
the IAST model, and the latter terms involving the corrective
terms B and C give the contribution from nonideal mixing. For
an ideally mixed system, these corrective terms will be zero.
Thus, the VEMC model will reduce to IAST for this limiting
case.

Experimental Section

Materials. The adsorbents used in this study, manufactured
by the Davison Chemical Division of W. R. Grace, are zeolite
5A (MS 522) and zeolite 13X (MS 544HP). Both were in the
form of 8 x 12 mesh spherical beads. CO, (99.6 %) was
obtained from J&M Cylinder Gases. Helium (99.995 %) was
supplied by Air Liquide.

Apparatus and Operating Procedures. We constructed a
volumetric apparatus to measure adsorption isotherms for pure
carbon dioxide, water vapor, and their binary mixtures. A
schematic of the apparatus and complete operating information
can be found in the previous paper.*?

For binary isotherm measurements of carbon dioxide and
water vapor, the loading of water was held essentially constant
while increasing the loadings of the CO, to obtain isotherms.
This was possible because water vapor is much more strongly
adsorbed, and the amount of water vapor in the loop remains
constant. Water vapor pressures could not be measured in some
of our experiments because the partial pressure for water vapor
was too low.

The zeolite samples were in spherical bead form and
contained a clay binder. We report adsorption capacities based
on the total weight of the zeolite samples with the binder. On
the basis of data available in the trade literature from W. R.
Grace, the samples contain about 20 % binder by weight. The
specific surface area of the binder is low compared to those of
the zeolites, and thus adsorption of carbon dioxide and water
in the binder can be assumed to be very small compared to that
in the zeolites.

The quantity of water needed to obtain a desired loading for
a given sample weight was injected and equilibrated in the
adsorption bed first; then a series of CO, injections were made,
and gas-phase concentrations were analyzed using a gas
chromatograph (HP 6890). On the basis of the standard
operating principles of a volumetric system, the quantities of
adsorbed CO, were obtained by subtracting the amount remain-
ing in the vapor phase from the amount injected.

Results and Discussion

The binary adsorption of water vapor and carbon dioxide was
measured on zeolite 13X and 5A at (0, 25, and 50) °C. The
mixture measurements were conducted with water loadings held
constant at (1.0, 3.4, and 9.4) mol-kg™. To verify this
assumption of constant water loading, we measured water partial
pressures as we repeatedly injected more CO; into the system
with an initial water loading of 9.4 mol -kg™* and temperature
of 50 °C. The results, shown in Figure 1, clearly demonstrate
that the adsorbed-phase concentration is essentially constant,
varying only 0.03 % from the initial pure water loading when
the CO, pressures increased in the system. This indicates that
the water loadings were not affected by the coadsorption of CO,
and can be assumed constant for the study.

All experimental measurements were repeated to verify the
precision of the data. From different sets of data, the relative
errors in CO, loadings were determined based on standard
deviations. The maximum relative error for the water loading
of 1 mol-kg~* was less than 3 % for both zeolites. For the water
loading of 3.4 mol-kg™?, the maximum relative errors for all
temperatures and both zeolites averaged 8 %. For the water
loading of 9.4 mol -kg™* on 13X zeolite, the maximum relative
error was 5 %.

The experimental equilibrium data for zeolite 13X are listed
in Table 1. Figures 2 to 4 show pure and binary CO, isotherms

Table 1. Adsorption Equilibria of Binary CO, and H,O on Zedlite 13X*

Nwaer = 1.0 mol +kg ™t

Nwaer = 3.4 Mol +kg ™t

Nwaer = 9.4 Mol kg™t

0°C 25°C 50 °C 0°C 25°C 50 °C 0°C 25°C 50 °C
P n P n P _n P _n P n_ P n_p n p n p n
0335 0941 0368 0533 0651 0346 0554 0430 1783 0358 0914 01085 1110 01605 2844 01245 2239 0.0603
123 157 146 0885 164 0508 129 0659 3549 0527 1928 0156 2101 02362 4962 01769 4522 00905
298 215 432 141 311 0697 333 108 809 0804 342 0202 3519 03027 757 02193 7.65 01227
684 274 999 190 600 094 144 178 2363 1249 667 0278 665 0430 1308 0298 1109 01485
195 334 255 237 108 122 11.92  0.368 17.99 01999

179 150

271 180

aUnit: p (kPa) and n (mol -kg™?).
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Figure 2. CO, adsorption isotherms on zeolite 13X at 0 °C: O, pure CO,;
A, binary CO, with 1 mol-kg* H,O; v, binary CO, with 3.4 mol -kg™*
H,O; @, binary CO, with 9.4 mol-kg~* H,O; dotted curve is the Toth
isotherm for pure CO,; dashed curves are the IAST model; and solid curves
are the VEMC model for mixtures.
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Figure 3. CO, adsorption isotherms on zeolite 13X at 25 °C: O, pure CO;
A, binary CO, with 1 mol+-kg™* H,O; v, binary CO, with 3.4 mol-kg™*
H,O; @, binary CO, with 9.4 mol kg * H,O; dotted curve is the Toth
isotherm for pure CO,; dashed curves are the IAST model; and solid curves
are the VEMC model for mixtures.

on zeolite 13X at (0, 25, and 50) °C. The circle symbols at the
top of the figures represent pure CO, isotherm data from our
previous paper,*? and other filled symbols represent binary CO,
isotherm data. The capacities for binary CO, adsorption are
lower than for pure CO,. Thus, it is clear that CO, and H,O
adsorb competitively for the concentration range investigated.
This agrees with the finding of Brandani and Ruthven that small
amounts of water inhibit the adsorption of CO,.> Furthermore,
CO, loadings decrease with increasing water loadings. When
water is preloaded at 1.0 mol kg™, the CO, capacities drop
more than 30 % compared to pure component CO, adsorption.
With preloaded water loadings increasing to (3.4 and 9.4)
mol -kg ™%, the CO, capacities continue to drop more than 50 %
and 80 %, respectively.

To estimate how the humidity of air interferes with CO,
adsorption, we can convert the water loading to its equilibrated
pressure using the pure water vapor isotherm. For water loadings
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Figure 4. CO, adsorption isotherms on zeolite 13X at 50 °C: O, pure CO,;
A, binary CO, with 1 mol-kg™* H,O; v, binary CO, with 3.4 mol -kg™*
H,O; @, binary CO, with 9.4 mol-kg~* H,0; dotted curve is the Toth
isotherm for pure CO,; dashed curves are the IAST model; and solid curves
are the VEMC model for mixtures.
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Figure 5. CO, adsorption isotherms on zeolite 5A at 0 °C: O, pure CO;
A, binary CO, with 1 mol+-kg™* H,0; v, binary CO, with 3.4 mol-kg™*
H,O; dotted curve is the Toth isotherm for pure CO,; dashed curves are
the IAST model; and solid curves are the VEMC model for mixtures.

a (1.0, 3.4, and 9.4) mol-kg™! at 25 °C on 13X, the corre-
sponding equilibrium water vapor pressures are (9.1-107°,
8.5-107%, and 4.3-1072) kPa, respectively.'? Considering that
the saturated water vapor pressure is 3.169 kPa at 25 °C,*° the
relative humidity is below 1.4 %, even for the water loading of
9.4 mol-kg™. It is clear that the CO, removal capability can
be dramatically affected even by a small amount of water vapor
in air.

Pure and binary CO, isotherms on zeolite 5A at different
temperatures have a similar trend as shown in Figures 5 to 7,
with the data tabulated in Table 2. The figures show that CO,
adsorption capacities decrease dramatically when the water
loadings increase. Even for 0.02 % relative humidity at room
temperature, corresponding to 3.4 mol -kg* of H,O, the CO,
adsorption can drop more than 50 % compared to dry conditions.

It is of interest to understand the performance of predictive
models for mixture adsorption because of the limited availability
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Figure 6. CO, adsorption isotherms on zeolite 5A at 25 °C: O, pure CO,;
A, binary CO, with 1 mol-kg™* H,O; v, binary CO, with 3.4 mol -kg™*
H,O; dotted curve is the Toth isotherm for pure CO,; dashed curves are
the IAST model; and solid curves are the VEMC model for mixtures.
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Figure 7. CO, adsorption isotherms on zeolite 5A at 50 °C: O, pure CO,;
A, binary CO, with 1 mol+-kg™* H,O; v, binary CO, with 3.4 mol-kg™
H,O; dotted curve is the Toth isotherm for pure CO,; dashed curves are
the IAST model; and solid curves are the VEMC model for mixtures.

of mixture equilibrium data. Here, we compare our experimental
datawith the IAST with pure components described by the Toth
isotherm model. The parameters of the pure component Toth

Table 2. Adsorption Equilibria of Binary CO, and H,O on Zeolite 5A*
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Table 3. Parameters for the Single-Component Toth |sotherm*?

a by E c
system mol-kg *-kPat kPal K to K

CO,/13X 6.509-10°%  4.884-10* 2.991-10° 7.487-102 3.805-10'
H,0/13X 3.634-10°  2.408-107 6.852-10° 3.974-10' —4.199

CO,/5A 9.875-107  6.761-10°® 5.625-10° 2.700-10* —2.002-10"
H,O/5A 1.106-10®  4.714-10%° 9.955-10° 3.548-10°' —5.114-10"

Table 4. VEMC Parameters and Normalized Error for IAST and
VEMC Models for Binary Mixtures of CO, with H,O

parameter 13X system 5A system
BE/A (kg mol %) 0.23 0.26
CEo/A? (kgemol ~1)? 4.10:102 1.84-10?
CE,/A? (kg mol ~4)? —4.18-1072 —7.60-1072
EVEMC 34 3.3

model are given in Table 3. The IAST predictions are shown
by the long and short dashed linesin Figures 2 to 7. At the low
water loading of 1.0 mol-kg™, the prediction from IAST is
close but above the data. With increasing water loadings,
however, the discrepancy between the prediction and the data
increases. This implies that the binary system behaves signifi-
cantly nonideally, which cannot be described well with the IAST
model. Thus, a model considering nonideal behavior needs to
be applied.

We use the VEMC model to take account of nonideality and
describe the binary isotherms at different temperatures and water
loadings simultaneously. The VEMC parameters (B, CF,, and
CE,) were determined by minimizing the objective function®’

e= Z (In pfr?lcoz —In pz?:oz)z (15)
m

where piRo, is the measured partia pressure of CO, with data
index m and p&co, is the CO, pressure calculated using eq 13.
The normalized error e was defined to evaluate model accuracy™”

= %’ve (16)

where M is the total number of mixture data at different
temperatures and water loadings.

The fitted VEMC parameters for both systems are listed in
Table 4. The CO, isotherms with preloaded water were
calculated with these VEMC parameters and are plotted as the
solid curves shown in Figures 2 to 7. It is clear that the VEMC
model can describe the binary CO, data well for different
temperatures and water loadings with only three additional
parameters for each adsorbent. Comparisons of the experimen-
tally measured partial pressures and calculated partial pressures
for CO, using the VEMC and IAST models are shown in
Figures 8 and 9 for the 13X and 5A systems, respectively. The

Nwae = 1.0 mol-kg™*

Nyaer = 3.4 mol-kg™?*

0°C 25°C 50 °C 0°C 25°C 50 °C
p n p n p n P n p n P n
0149 0874 0480 0604 1644 0539 0976 0601 06048  0.2145 0758 01075
0389 123 0986 0829 4.74 0875 1863 0994 1155 0.308 1200 0158
0984 170 2.16 114 7.76 1.090 3574 1288 1714 0.401 2.09 0.207
231 2.25 4.40 153 1255 1.34 4.6 1472 318 0.567 4.08 0.343
5.23 2.84 9.54 2.00 229 1.67 8.16 177 4.56 0.738 10.66 0.594
134 3.39 198 2.46 1321 2.10 559 0.805 166 0.920
371 2.78 2122 2.26 3007 1.783 288 1.270
299 2.38 38.85 1.908

aUnit: P (kPa) and n (mol -kg ™).
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Figure 8. Binary adsorption equilibria of CO, and H,O on zeolite 13X at
(0, 25, and 50) °C using the IAST and VEMC models: O, IAST; @, VEMC.
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Figure 9. Binary adsorption equilibria of CO, and H,O on zeolite 5A &t (O,
25, and 50) °C using the IAST and VEMC models: O, IAST; @, VEMC.

normalized errors ¢, calculated with the IAST and VEMC
models, are given in the Table 4. The lower the value of ¢ is,
the more accurate is the model description. For both systems,
the VEMC model shows a strong improvement over the IAST
model.

We did not include experimental datain our tables and figures
for low CO, partial pressures for both zeolites and for a water
loading of 9.4 mol kg™ on zeolite 5A. These data show much
flatter slopes than theoretical Henry’ slaw slopesin the low CO,
partial pressure region and, based on the material balance for
the volumetric system, appear to have much higher loadings
compared to model predictions. This trend became more obvious
with increasing water loadings and temperatures. We believe
that it is caused by preadsorbed water vapor helping to catalyze
CO, chemisorption and leading to the formation of carbonates
under these conditions.

Similar observations have been given by previous researchers
as discussed in the introduction.*®~92° In particular, prior
evidence exists for aloading dependence for chemisorption and
carbonate formation. Bertsch and Habgood® used IR spectra to
study the interaction of water and carbon dioxide (up to one

molecule per cavity) on the Linde zeolite NaX surface and
reported that the presence of roughly equivalent amounts of
water greatly increases the rate of CO, chemisorption for low
CO, concentrations. We find a similar trend in our data. With
an increase in preadsorbed water loadings, more CO, appears
to react with water on the surface, which results in a CO,
isotherm at low concentrations that shifts upward with a
relatively higher partial pressure. Bertsch and Habgood also
mentioned that carbon dioxide shows little chemisorption
beyond approximately (0.5 to 1) molecule per cavity. For our
zeolite 13X sample, with a chemical formula (Nags[(AlO,)gs-
(SiO,)106]) for unit cells and eight supercages per unit cell,*
(0.5 to 1) molecule per cavity corresponds to (0.3 to 0.6)
mol -kg~%. Our data do not show much chemisorption above
0.3 mol-kg™* but do show evidence for lower CO, loadings.
Rege and Y ang” observed a distinct enhancement in the amount
of CO, adsorbed with H,O at low concentrations on zeolite 13X
for CO, concentration below 0.473 mg-L %, and the enhance-
ment disappeared as the CO, partial pressure increased. The
enhancement of CO, adsorption was explained by a catalytic
formation of bicarbonate species on the adsorbent surface by
adjacent H,O molecules, or an enhancement of adsorbate
diffusion due to the occupation of high energy sites by water
molecules. It is noteworthy that the reported CO, loadings are
less than 0.328 mol - kg~* when the enhancement occurs, which
agrees well with the previously calculated range.

Conclusions

Coadsorption equilibria have been measured for CO, and
H,0 on zeolites 13X and 5A at temperatures of (0, 25, and
50) °C using a volumetric apparatus. The water |oadings were
held constant at (1.0, 3.4, and 9.4) mol kg™ and the CO,
partial pressures varied. Binary adsorption is shown to be
competitive for the pressure range studied, and the humidity
results in dramatically reduced CO, capacities.

The binary adsorption of CO, on zeolites with water prel oaded
shows that the adsorbed amounts of CO, are higher than
predictions at low CO, concentrations, and the trend is more
obvious with an increase in water loadings and temperatures.
On the basis of prior studies, this is caused by chemisorption
promoted by the presence of water and the formation of
carbonates or bicarbonates.

Binary equilibria have been compared with predictions of
the IAST model with the Toth isotherm used to describe
multitemperature pure component isotherms. The IAST gives
afair description for the adsorbed amount of CO, with low
water loadings and temperatures, but shows a large discrep-
ancy when water loadings and temperatures increase. The
VEMC model has been applied to take into account the
nonidealities with corrective terms for the IAST and gives
satisfactory descriptions for all of the data using three virial
excess mixing coefficients.
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