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SYNTHESIS AND CO, ADSORPTION FEATURES OF A
HYDROTALCITE-LIKE COMPOUND OF THE Mg?*-Al**-Fe(CN)¢*~
SYSTEM WITH HIGH LAYER-CHARGE DENSITY
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Abstract—Hydrotalcite-like compounds (HT) with 24%—48% Al3*-substitution have been synthesized in
the Mg?*+-Al*+—Fe(CN)y*~ system. Conditioning of the synthesized and air-dried compound with
K, Fe(CN)¢*~ solution at 80°C was essential to obtain the 80%~90% pure ionic Fe(CN),*~ form on an
equivalent basis. A linear decrease in a, with an increase in the mole ratio of R = AIP*/(Mg2++Al+)
was extended to R = 0.48. The formation of highly Al*+-substituted HTs has been corroborated by the
decrease in the hexagonal lattice constant a, down to 3.016 A. The a, value was independent of the
interlayer anions. The CO, adsorption profiles were dependent upon both the Al3+-substitution and the
interlayer distance. The isosteric heat of CO, adsorption was 43.3 kJ mol~! in the range of adsorption

of 20 to 40 cm? g-' at 298 K and 0.1 MPa.
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INTRODUCTION

CO, emits from power, ceramic, and steel plants as
well as automobiles, contributing to the “green-house,”
or global warming, effect. Reduction of emission rates
may be possible, however, through chemical processes
that involve separation, recovery, and chemical trans-
formation of recovered CO, combined with reduction
of consumption, improvement of energy utilization ef-
ficiency, and use of solar energy. Recently, magnetite-
intercalated mica has been found to show CO, decom-
position reactivity (Tsuji ez al., 1993b). There exist a
large number of layered compounds such as phos-
phates and tobermorite that are well known as cation
exchangers or H,O adsorbers (Clearfield, 1988; Ko-
marneni and Tsuji, 1989; Tsuji and Komarneni, 1989,
1991). Other layered compounds belonging to solid
bases, such as hydrotalcite-like compounds(HT) and
Al(OH);-derived compounds, exhibit an anion-ex-
change property (Miyata, 1983; Sissoko et al., 1985).

Studies on the adsorption of acidic gases, e.g., CO,,
SO,, and NQ,, were carried out earlier on zeolite and
hydrotalcite (Sazarashi et al., 1992; Miyata and Hirose,
1978). The HT general formula is represented by:

M2+ _g M3 (OH), 1R+ [(R/m)A"~-m H,O]*~

where M2+ and M3+ are divalent and trivalent cations,
respectively, A"~ is an anion, and R is M3*-substitu-
tion defined by the mole ratio: R = M3+/(M2++M?3+)
(Allmann, 1968; Bish and Brindley, 1977; Brindley and
Kikkawa, 1979; Gastuche et al., 1967; Miyata, 1975,
1980; Taylor, 1973). A large layer-charge is desirable
if HT is to be a significant adsorbent for the above
gases.
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There have been reported Al-rich hydrotalcite-like
compounds in the CO,2~ form with the maximum sub-
stitution of R = 0.44 (Pausch ez al., 1986; Thevenot
et al., 1989; Tsuji et al., 1993a; Yamaoka et al., 1989).
Moreover, contradictions and confusions have been
recently pointed out on the thermodynamic treatment
of the anion exchange on this type of material (Tsuji
et al., 1992). The standard state for the solid is not
clearly defined in the ion-exchange treatment, and the
ion-exchange isotherm is not consistent with the Kiel-
land plot. Adsorption data for CO, on the HT are
randomly scattered among HTs with the same layer
charge synthesized by different authors (Miyata and
Hirose, 1978; Kikkawa and Koizumi, 1982). There-
fore, the objectives of the present study were 1) to
synthesize HTs in the Fe(CN)y*~ form with as wide a
range of AI**-substitution as possible and 2) to study
their CO, adsorption behavior.

EXPERIMENTAL METHODS
Synthesis of hydrotalcite-like compound

Appropriate proportions of 0.5 M Mg(NO),, 0.5 M
AI(NOs5);, and 0.25 M K Fe(CN), solutions were mixed
in different glass vessels to give various mole ratios (r)
of AI3*/(Mg?* + Al3* ) and the mole ratio of Fe(CN)*~
to AIPT 1.0. After each mixed solution was degassed
with N,, 2 M NaOH was added slowly until pH 10.0
was reached while stirring. The precipitated amor-
phous hydrolysis produce was aged in the mother so-
lution at room temperature overnight, washed with
water, filtered under suction, and air-dried at room
temperature for several days to allow slow polymer-
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Figure 1. Homemade apparatus for CO, adsorption.

ization. Drying at higher temperature (55°-80°C)
adopted by other authors prevented the growth of hy-
dolysis products in crystals with a high degree of AI**-
substitution.

Conditioning of air-dried products and
chemical analyses

The air-dried products were mixed ionic forms, as
will be discussed later, and were conditioned as follows
to obtain a well-defined ionic form. They were ground
and sieved to obtain a fraction of 100-200 mesh size
(37-74 pm in diameter). A portion of the sieved ma-
terial (0.50 g) was immersed in 15 cm? of 1 M K, Fe(CN),
solution at 80°C to exchange Fe(CN)*~ for NO,~ and
CO;?%~ in the interlayer. The solution was replaced ev-
ery 90 minutes for 4 cycles. The process is based on
the ion exchange. However, the ion exchange selectiv-
ity for these ions has not been investigated, and the
experimental conditions cannot be decided to obtain
each ionic form. The present procedures were taken
from our conventional method (Tsuji and Komarneni,
1989). Then the samples were washed with water to
remove the excess Fe(CN),*~ ions and air-dried.

Mg?+, Al’*, and Fe** were determined by induc-
tively coupled atomic emission spectrometry (ICP-AES)
with a Seiko Instrument Spectrometer Model SPS 7000
after dissolving the compounds in hydrochloric acid.
Thermal analyses (TG and DTA) were undertaken with
a Rigaku Thermoflex-type thermal analyzer model 8001
at a heating rate of 10°C min~! by using «-Al,O, as
the reference material. The content of water in the
interlayer of the samples was determined from the TG
weight loss curve. Powder X-ray diffraction was carried
out with a Rigaku X-ray diffractometer RINT 1100 at
a scanning speed of 2°(20) min~! with Ni-filtered CuK«
radiation. The infrared absorption spectra were re-
corded by a JASCO FT/IR-8900 equipment with
pressed sample disks.
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Figure 2. The infrared absorption spectra of sample K (R =
0.366): a) unconditioned, b) Fe(CN)* -conditioned, and c¢)
NO;~-conditioned.

CO, adsorption

CO, adsorption experiments were carried out with
4 homemade apparatus (Figure 1). Prior to the ad-
sorption experiment, the samples were heated at 150°C
for 10 min while evacuating to expel the interlayer
water molecules. The layer structure was not collapsed
upon heating at 150°C, but degraded at >200°C. After
cooling to a required temperature, a given amount of
CO, gas was injected into the quartz cell (20 cm long
x 3 ¢cm diameter) and the equilibrium CO, content in
the cell was determined with gas chromatography (Shi-
madzu GC-8A).

RESULTS AND DISCUSSION
Synthesis of HT in the Fe(CN),*~ form

A typical IR spectrum of air-dried or unconditioned
HT is shown for sample K in Figure 2a. Broad ab-
sorption bands with peak tops at 3448 = 3 cm~!' and
1635 = 5 cm~! can be assigned to the stretching vi-
brations, », and v,;, and the deformation, v,, of the
interlayer water, respectively. They are the same as
those for liquid water irrespective of the R value. Al-
though these absorption bands should also stem from
the OH groups of the main layer, the contribution is
hidden by the large interlayer H,O band. This is be-
cause the interlayer distance is expanded by a large
Fe(CN),*~ ion, and the OH groups are weakly hydro-
gen-bonded. The effect may be observed in HTs with
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Table 1. Synthesis conditions and XRD data of the hydro-
talcites in the Fe(CN)2~ form.
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Figure 3. X-ray diffraction patterns of products.

smaller interlayer distance and the larger Al**-substi-
tution. The band at 2040 + 4 cm~! is the stretching
vibration of »(CN) (Idemura ez al., 1989), and bands
at 1385 cm~! and 798 cm~! can be assigned to the
stretching vibrations, v, and »,, of NO;~ ion, respec-
tively (Nakamoto, 1986). The former is not shifted to
a lower wavenumber. Hence, the hydrogen bond is
weak between the interlayer Fe(CN),*~ and the OH
group of the main layer. The band at 777 cm—! can be
assigned to the vibration, v,, of unidentate carbonate—
0O-CO, (Evans and Whateley, 1967). An unidentified
absorption band was also observed at 1085 cm~! on
the air-dried HT. Thus, air-dried materials are mixed
ionic forms containing Fe(CN)*~, NO;~ and CO;*~
in the interlayer.

Air-dried samples were conditioned with 1 M
K, Fe(CN), or NaNO; solutions to obtain each ionic
form (Figures 2b and 2c¢). Fe(CN)*~ could be ex-
changed for NO;~, but a small amount of CO,2- still
remained in the interlayer. NO, -conditioned HT
showed an additional absorption band at 3000 cm~".
It is ascribed to the hydrogen bonds between the M-
OH group and the interlayer anion, O-H. . .N, and
between the M—OH groups of the main layer. However,
the hydrogen bond is not so strong, and the dependence
of the wave number on the R value was not observed.
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Sam- a, dyos

ple ™ R** A) A) Observed phase
A 0.05 HT*** + brucite
B 0.10 0.124 3.089 8.162 HT + brucite
C 0.15 0.171 3.084 8.059 HT

D 0.18 0.241 3.048 10.64 HT

E 0.22 0.251 3.052 10.63 HT

F 025 0.270 3.057 1096 HT

G 025 0.273 3.059 1061 HT

H 025 0276 3.052 10.96 HT

I 029 0.299 3.040 10.61 HT

J 0.33 0.346 3.046 10.96 HT

K 0.33 0366 3.042 10.89 HT

L 033 0325 3.053 10091 HT

M 040 0.334 3.032 10.77 HT

N 042 0431 3.021 10.71 HT

O 045 0481 3.016 10.88 HT

* Mole ratio of AI**/(Mg2* + AlI3*) in the initial solution.
** Mole ratio fo AIP*/(Mg?>+ + AI**) in the product.
** YT = hydrotalcite.

The absorption band, v,, assigned to unidentate car-
bonate ~-O-CO, at 1364 cm™! was also observed on
both the treated samples as well as the bands for
Fe(CN)¢*- and NO;~. An absorption band at 955 cm~!
was also observed, which can be assigned to the stretch-
ing vibration, v, of bi-carbonate HO-CO,~ (Evans and
Whateley, 1967). The unidentate carbonate and bi-
carbonate could not completely be removed in the above
procedure.

M3+.-substitution in the brucite layer can be evi-
denced by the decrease in a, with an increase in the R
value because the crystal ionic radius of a trivalent
metal ion is normally smaller than that of a divalent
metal ion, e.g., T = 0.535 A < Tyg2e = 0.720 A
(Shannon, 1976). The extent of formation of the HT
in the Mg?>*—Al3+—CO;?~ system has been believed to
range from R = 0.20 to 0.33 (Brindley and Kikkawa,
1979; Miyata, 1980). The R value of HT is known to
be limited to 0.26 t0 0.32 in the Mg?+-Al*+—Fe(CN)¢*~
system (Kikkawa and Koizumi, 1982). Table | rep-
resents the lattice parameter a, and the layer thickness,
dgos, of the Fe(CN),*~ form as well as the mole ratio
of AI3+/(Mg2*+Al**) in the starting solution for prep-
aration, r, and that of the conditioned product, R. The
R values are basically the same as the r values. The
whole mass of precipitate was crystallized to form a
single HT phase in the hexagonal system from R =
0.171 to 0.481 (Figure 3). A product with a small R
value of 0.05 showed two HT phases and Mg(OH),,
while a product with a large R value of 0.50 was com-
posed of two HT phases and MgAL(OH);. The AP*-
substitution is evidenced by the linear decrease in a_
with an increase in the R value (Figure 4). The smallest
a, value of 3.016 A was observed on the sample O
with R = 0.481. These results corroborate the for-
mation of the HT in the wide range of Al*+-substitution
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Figure 4. Plot of the lattice constant (a,) vs. AI’*-substitu-
tion (R).

(0.24-0.48 as the R value) in the Mg2*—Al3+—Fe(CN) 4~
system.

Figure 5 shows the change in the d,,; spacing with
the R value. The samples with R > 0.24 exhibited an
expanded layer thickness of about 10.6-10.9 A. It is
equal to the sum of the thickness of the brucite layer
(4.77 A) and the dimension of Fe(CN)*~ (5.94 A) (Wil-
son, 1951). HTs with R < 0.17 showed a smaller layer
thickness of about 8.1 A. In another words, HTs with
high charge density can easily incorporate Fe(CN) 4~
within the interlayer, but the compounds with lower
R values cannot accommodate the large tetravalent ion
Fe(CN)s*~ as an interlayer anion. A sufficient charge
in the brucite layer is necessary to take up the large
and highly charged Fe(CN)¢*~ ion within the interlayer.
When the R value is lower, the locations of charge in
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Figure 5. Plot of the d; spacing of hydrotalcites in the

Fe(CN),*~ form vs. AP**-substitution (R).

the brucite layer are distant from each other and not
close enough to form the ionic bond with the Fe(CN)*-.
In such case, the main layer of HTs will be able to
form the ionic bond with small anions such as CO,2~
or NO;~. HT between R = 0.17 and R = 0.24 could
not be obtained, though various r values were used for
HT preparation. The r values of 0.15 and 0.18 gave
the R values of 0.171 and 0.241 in the product, re-
spectively. The reason is not clear. Thus, the extent of
Al*+-substitution in the brucite layer has been dem-
onstrated to range from R = 0.24 to 0.48 in the Mg?+—
ADP*—Fe(CN)¢*~ system. It is much wider than that
reported previously.

The chemical compositions of conditioned HTs are
shown in Table 2. The contents of CO,2~ were calcu-
lated by balancing the charges between the brucite layer

Table 2. Chemical composition of synthesized hydrotalcites in the Fe(CN):~ form.

Sample

Chemical composition

[MEgo.520A15.171 (OH) JI(Fe(CN)E)0.0170(CO3 Y0515 1.15H,0]
[Mgg 755 ALy 241 (OH),J[(Fe(CN)E)o.0590(COZ)o.0025*0.920H,0]
(Mg 740Aly 25 (OH) II(Fe(CN)2)0.0500(CO3 o 0055 0.835H, 0]
Mo 730ALp 270(OH), [(Fe(CN)E ) 0562(COZ Yo 0226 - 1.40H, 01
Mgy, 727ALy 273(OH), J[(Fe(CN)E)o.065:(COZ)o.0063* 1.26H,0]
(Mo 724A1y 276(OH), [(FE(CN)E )o.0615(COZ Yo 0142 0.977H, O}
[Mgo 761 Aln 290s(OH), J[(Fe(CN)E)o.0675(COZ Yo.0145° 1.19H,0]
(Mo, 654 AL 346(OH) I [(F(CNYE )0.6742(CO37 )0 0246 -0.803H, 0]
(Mo 534ALy 366 (OH)IIFE(CN)E)0.0756(CO% o015 1.11H,0]
[Mgo 675 ALy 325(OH), J[(Fe(CN)E ). 0615(CO3 Yo 0380 - 1.01H, O]
[MEo.666A10.33:(OH) J(Fe(CN)E)0.0713(CO3)o.0245 * 1.46H, 0]
Mz s65Alo.03 {OH), JIFe(CNYE ) 061 HCO3 )g032: - 1.15H,0)
[Mg, 5,9Al 45, (OH), ] [(Fe(CN)2)0.0802(CO% o 0501 * 0.893H,0]

oZzrR—-“=~mommy AN
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Figure 6. Effect of the ionic form on isotherms for CO,
adsorption. Sample K (R = 0.366): a) unconditioned (dy; =
10.67 A), b) Fe(CN),*~-conditioned (dgo; = 10.89 A}, and ¢)
NO,-conditioned (dy; = 8.01 A).

and the interlayer based on the pure phase formula.
The calculated equivalent fraction of Fe(CN)*~/
(CO;2~ +Fe(CN)¢*~) was 0.8-0.9. These samples will
be referred to as the “Fe(CN),*~ form”. Incompleteness
of conditioning with K,Fe(CN), solution will be as-
cribed to the very high ion-exchange selectivity for
CO,2~. The H,O content was determined from TG
weight loss subtracted by the contribution of CN~ and
CO,. The chemical composition shows that approxi-
mately one mole of water is contained per chemical
formula of hydrotalcite in the Fe(CN)¢*~ form. The
amount of H,O is approximately two times of that of
the CO;>~ form reported (Tsuji et al, 1993a). The
expanded interlayer can accommodate more water than
the CO,2~ form with the close packing.

CO, adsorption behavior

The CO, adsorption isotherms were determined on
the mixed ionic form, Fe(CN);*~- and NO, -condi-
tioned product of sample K to study the effect of the
ionic form on the adsorption behavior (Figure 6). The
smallest amount of CO, adsorption (about 10 cm?/g
at 20 cmHg) was observed on the NO, ™ -conditioned
form with a layer spacing of dyy; = 8.01 A. The amount
of adsorption is given on a STP basis or at 298 K and
0.1 MPa. The air-dried product or mixed ionic form
with dgy; = 10.67 A exhibited the saturated amount of
adsorbed CO, of about 21 c¢cm?3/g at 20 cmHg. The
Fe(CN)*~ form with dyg; = 10.89 A showed a larger
adsorption for CO,, about 33 cm3/g at 20 cmHg. The
adsorption did not reach saturation in the present ex-
periments. In comparison with the mixed ionic form,
the “dyg;” of the Fe(CN)*— is larger by only 2%, but
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Figure 7. Variation of amounts of adsorbed CO, on HTs in

the Fe(CN)*~ form with different Al**-substitution. Adsorp-
tion temperature = 25°C.

the amount of CO, adsorption increased by 65%. It is
clear that the NO;~ ions in the interlayer clogged the
adsorption spaces for CO, in the interlayer of hydro-
talcite in the mixed ionic form. The expanded space
with the large anion Fe(CN)¢*~ can accommodate more
CO, gas. The interlayer space may be designed for the
adsorption field of CO, and other gas molecules if it
could be tuned by suitable guest anions. Thus, the ionic
form of HT is an important factor for the CO, ad-
sorption characteristics as well as the interlayer spac-
ing. In the present research, in situ infrared adsorption
spectra of CO,-adsorbed material were not recorded.
The technique is critical for probing the state of CO,
adsorption on these materials, but the equipment was
not available.

CO, adsorption isotherms were determined on other
samples with R = 0.24-0.48 and the amount of CO,
adsorption at 25 cmHg was plotted as a function of
the R value (Figure 7). The sample with R = 0.37
exhibited the maximum amount of CO, adsorption
and others showed a smaller amount of adsorption.
They possess nearly the same dgy; (10.6 A-10.9 A). If
the amount of CO, adsorption was only determined
by the interlayer thickness, almost the same amount
of CO, adsorption should be observed for these sam-
ples. Therefore, besides d,;, the effect of the second
factor, the layer charge, will have to be taken into ac-
count for interpretation of the maximum adsorption.
It also affects the amount of CO, adsorption because
the void space in the interlayer is determined by the
density and sizes of the incorporated ions. In this study,
the largest amount of adsorbed CO, was observed in
the sample with R = 0.366. Thus, the optimum space
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and the charge density in the interlayer as a CO, ad-
sorption field could be found on the hydrotalcite with
the Al3*-substitution of 0.37.

The isosteric heat of CO, adsorption, —AH,,, of sam-
ple K was determined by the following equation (Ruth-
ven, 1984) from the adsorption isotherms at 0, 25 and
40°C:

11
logp = _2.303R(T_2 N f)

where AH,4 is the enthalpy change on CO, adsorption,
R is the gas constant, and P, and P, are the equilibrium
pressures at the corresponding temperatures (T, and
T,) for the same amount of adsorption, The isosteric
heat of CO, adsorption was determined to be 43.3 kJ
mol~! at the adsorption amount of 20-40 cm3/g, which
indicates the level of chemical adsorption. This is al-
most the same as the isosteric heat of CO, adsorption
(40 kJ mol~!) at an infinitesimal coverage on oxygen-
deficient magnetite at 150-300°C (Nishizawa et al.,
1992). Therefore, CO, adsorption on HT is based on
the same chemical process as in the latter material.
Moreover, HT does not show any adsorption for N,
gas and i1s comparable to an activated carbon in the
separation performance of CO, and N, (Ito, 1993).

CONCLUSION

The extent of formation of hydrotalcite in the Mg2+—
Al**—Fe(CN):*~ system has been determined to range
from 0.24 10 0.48. It was evidenced by a linear decrease
in the lattice constant a, with an increase in R value.
A lower temperature (room temperature) has been
demonstrated to be effective for the formation of HTs
with high Al**-substitution. Slow polymerization at
lower temperature allows an amorphous hydrolysis
product to grow in crystals with the high degree of A13+-
substitution. Several anions coming from the starting
materials or atmosphere usually coexist in the inter-
layer. When the R value is lower than 0.17, the HTs
containing highly charged Fe(CN)*- ions were not
formed because the charge density of the brucite layer
was not high enough to accommodate the large ion.
Anions in the interlayer could be mostly replaced by
other anions by ion-exchange treatment for obtaining
arequired anion form. CO, can be accommodated more
easily in an expanded interlayer space. The amount of
CO, adsorption is affected not only by the interlayer
spacing (d,,;) but also by the layer charge and the ionic
form. The optimum space and the charge density for
CO, adsorption by hydrotalcite in the Mg2+-Al3+—
Fe(CN)y*~ system were found at the Al*+-substitution
of 0.37. The isosteric heat of CO, adsorption on HTs
in the Mg2*—Al3*-Fe(CN)*~ system indicated a level
of chemical adsorption. The above HT compound with
the expanded interlayer will be taken advantage of for
obtaining, for instance, the ClO,~ form, which cannot
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be synthesized directly from agueous solutions of metal
salts.

ACKNOWLEDGMENT

The present work was partially supported by a grant
from the Salt Science Research Foundation.

REFERENCES

Allmann, R. (1968) The crystal structure of pyroaurite: Acta
Crystallogr. B24, 972-977.

Bish, L. and Brindley, G. W. (1977) A reinvestigation of
takovite, a nickel aluminum hydroxy-carbonate of the py-
roaurite group: Amer. Mineral. 62, 458—464.

Brindley, G. W. and Kikkawa, S. (1979) A crystal-chemical
study of Mg, Al, and Ni, Al hydroxy-perchlorates and hy-
droxy-carbonates: Amer. Mineral. 64, 836-843.

Clearfield, A. (1988) Role of ion exchange in solid-state
chemistry: Chem. Rev. 88, 125-148.

Evans, J. V. and Whateley, T. L. (1967) Infrared study of
adsorption of carbon dioxide and water on magnesium ox-
ide: Trans. Faraday Soc. 63, 2769-2777.

Gastuche, M. C., Brown, G., and Mortand, M. M. (1967)
Mixed magnesium-aluminum hydroxides: Clay Miner. 1,
177-192.

Idemura, S., Suzuki, E., and Ono, Y. (1989} Electronic state
of iron complexes in the interlayer of hydrotalcite-like ma-
terials: Clays & Clay Minerals, 37, 553-557.

Ito, W. (1993) Recovery of carbon dioxide by adsorbents:
Handbook of Adsorption Technology, H. Shimizhu, ed., NTS
Ltd., Tokyo, 761-765 (in Japanese).

Kikkawa, S. and Koizumi, M. (1982) Ferrocyanide anion
bearing Mg, Al hydroxide: Mater. Res. Bull. 17, 191-198.

Komarneni, S. and Tsuji, M. (1989) Selective cation ex-
change in substituted tobermorites: J. Am. Ceram. Soc. 72,
1668-1674.

Miyata, S. (1975) The synthesis of hydrotalcite-like com-
pounds and their structure and physico-chemical proper-
ties-I: The systems Mg2+-AP*+-NO,~, Mg2+-Al*+-Cl-, Mg2+-
APL*-CIO,-, Ni?*-AP*-Cl- and Zn**-A+*-Cl-: Clays &
Clay Minerals 23, 369-375.

Miyata, S. (1980) Physico-chemical properties of synthesis
of new hydrotalcites in relation to composition: Clays &
Clay Minerals 28, 50-56.

Miyata, S. (1983) Anion-exchange properties of hydrotal-
cite-like compounds: Clays & Clay Minerals 31, 305-311.

Miyata, S. and Hirose, T. (1978) Adsorption of N,, O,, CO,
and H, on hydrotalcite-like system: Mg?+-Al*+-Fe(CN)¢*~:
Clays & Clay Minerals 26, 441-447.

Nakamoto, K. (1986) Infrared and Raman Spectra of In-
organic and Coordination Compounds, 4th ed., John Wiley
& Sons, New York, 106-124.

Nishizawa, K., Kodama, T., Tabata, M., Yoshida, T., Tsuji,
M., and Tamaura, Y. (1992) Adsorption of CO, on ox-
ygen-deficient magnetite: Adsorption enthalpy and adsorp-
tion isotherm: J. Chem. Soc. Faraday Trans. 88, 2771—
2773.

Pausch, 1., Lohse, H. H., Schurmann, K., and Allmann, R.
(1986) Synthesis of disordered and Al-rich hydrotalcite-
like compounds: Clays & Clay Minerals 34, 507-510.

Ruthven, D. M. (1984) Thermodynamics of adsorption: in
Principles of Adsorption & Adsorption Process, John Wiley
& Sons, New York, 62-64.

Sazarashi, M., Takeshita, K., Kumagai, M., Tamura, T., and
Takashima, Y. (1992) Recovery of nitrogen oxides as ni-
tric acid by mineral zeolite: J. At. Energy Soc. Jpn. 34, 529—
534 (in Japanese).

Shannon, R. D. (1976) Revised effective ionic radii and


https://doi.org/10.1346/CCMN.1993.0410612

Vol. 41, No. 6, 1993

systematic studies of inter-atomic distances in halides and
chalcogenides: Acta Crystallogr. A32, 751-946.

Sissoko, 1., Iyagba, E. T., Sahai, R., and Biloen, P. (1985)
Anion intercalation and exchange in Al(OH);-derived com-
pounds: J. Solid State Chem. 60, 283-288.

Taylor, H. F. W. (1973) Crystal structure of some double
hydroxide minerals: Mineral. Mag. 39, 377-389.

Thevenot, F., Szymanski, R., and Chaumette, P. (1989)
Preparation and characterization of Al-rich Zn-Al hydro-
talcite-like compounds: Clays & Clay Minerals 37, 396—
402.

Tsuji, M. and Komarneni, S. (1989) Alkali metal ion ex-
change selectivity of Al-substituted tobermorite: J. Mater.
Res. 4, 698-703.

Tsuji, M., Komarneni, S., and Malla, P. (1991) Substituted
tobermorites: 2’Al and 2°Si MASNMR, cation exchange,
and water sorption studies. J. Am. Ceram. Soc. 74, 274-
279.

Tsuji, M., Mao, G., and Tamaura, Y. (1992) On the ther-

https://doi.org/10.1346/CCMN.1993.0410612 Published online by Cambridge University Press

CO, adsorption of hydrotalcite-like compounds

737

modynamic treatment for anion exchange in hydrotalcite-
like compounds: Clays & Clay Minerals 40, 742-743.

Tsuji, M., Mao, G., and Tamaura, Y. (1993a) Hydrotalcites
with an extended AI**-substitution: Synthesis, simulta-
neous TG-DTA-MS study, and their CO, adsorption be-
haviors: J. Mater. Res. 8, 1137-1142.

Tsuji, M., Tabata, M., and Tamaura, Y. (1993b) CO, de-
composition by oxide ceramics intercalated in layer com-
pound: J. Am. Ceram. Soc. (in press).

Wilson, A. J. C. (1951) Structure Reports 11, p. 42.

Wykoff, R. W. G. (1963) Crysial Structure, Vol. 1, John
Wiley and Sons, New York, p. 268.

Yamaoka, T., Abe, M., and Tsuji, M. (1989) Synthesis of
Cu-Al hydrotalcite-like compound and its ion exchange
property: Mater. Res. Bull. 24, 1183-1199.

(Received 8 February 1993; accepted 20 August 1993; M.
2322)


https://doi.org/10.1346/CCMN.1993.0410612

