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Carbon Dioxide Absorption of Barium Titanate System
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(Tokyo Institute of Technology 2-12-1 Ookayama, Meguro-ku, Tokyo, 152-8550)

The CO, absorption capability of Ba;TiO4/BaTiO; composites was evaluated. Samples prepared
from BaTiO; and BaCO; powders had chemical compositions of BaTiO3, Ba,TiO,/BaTiOs, and Ba,
TiO4/BaCOs. Their CO, absorption capability was estimated using mass change. The specific sur-
face area of the obtained samples with Ba/Ti ratio of 1, 1.33, 1.67, 2 and 2.33 was, respectively,
1.8, 2.0, 1.7, 0.5 and 1.2 m2-g~1. This difference originates that the grains grew during heat treat-
ment. Although BaTiOs; showed no CO, absorption capability, Ba;TiO,/BaTiO; and BayTiO4/
BaCO; composite powders did. The maximum absorption amounts were calculated from the chemi-
cal reaction during. The obtained value was about 10 times larger than that estimated from absorp-
tion test. It is regarded that the Ba,TiO, reacted incompletely with CO,, indicating that the CO; ab-
sorption capability depends on the powder properties. High CO, absorption ability is attributable to
balance between high Ba;TiO,4 loading and specific surface area. The powders after the CO; ab-

sorption test could reproduce by heating at 1373 K.
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1 Introduction

As global warming countermeasures, many policies
and technologies have been proposed for the reduc-
tion of CO, emissions. In the field of energy, wider use
of fuel cells?, solar cells?, and wind energy® are in-
tended to limit atmospheric CO, levels. Nevertheless,
widespread practical use of these technologies will
take time. Carbon dioxide capture and storage (CCS)
technologies®-® can be used in the near future as im-
portant alternatives for CO, abatement. Especially,
capturing CO, is a key technology for CCS. Methods
of carbon dioxide scrubbing include adsorption, amine
absorption®, molecular sieving, and membrane filter-
ing. Recently, chemical reaction methods using CaO?
and LiOH® have been reported.

Ca0+C0O; — CaCO3
2LiOH +CO, —> Li,COs;+ H,0

1
2)

Saito et al. reported that Ba,Ti0,:10 is also available
for this technique. For these materials, which have
higher reaction velocity, the absorption and desorp-
tion temperatures were determined using the follow-
ing thermodynamic relation.

873K

Ba,TiO,+ CO; == BaCO;+BaTiOs

1173K

3

From the viewpoint of barium element recycling,
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CO, absorption, Dielectric material, Recycle

Ba,TiO, is an interesting material because large
amounts of BaTiO; used in electronic applications
generates a considerable amount of waste. Conse-
quently, the chemical reaction and thermodynamics of
this material as a chemical substance are widely dis-
cussed. However, its properties as the material are
scarcely reported, leaving a dearth of knowledge of its
specific surface area (SSA) and particle size. Such
knowledge can support the practical use of CCS using
a barium titanate system.

Pfaff reported that the SSA-controlled Ba,TiO4 was
obtained by heating of Ba,TiO;(OH);(O0H) at ap-
propriate temperature!”). This method is useful to
merely synthesis of Ba,;TiO,. However, another rea-
son to use Ba,TiO, as the CO, absorbent is recycling
of BaTiO3 as above. Therefore, it is desirable to pre-
pare the Ba,TiO, from BaTiOs as a starting material.
It is reported that controlling chemical composition is
one of the easiest way to change the SSA. For in-
stance, the SSA of NiO-Al,0; solid solution depended
on the NiO loadings!®. The powder of stoichiometry
chemical composition (NiAl,O,) showed the lowest -
SSA. Moreover, the metal ions is well known to con-
trol the decrease in SSA at high temperature!®-14),

These results suggest that the SSA of the Ba;TiO,
may be controlled by changing the Ba loading. In con-
trast, the change the Ba loading can lose the CO, ab-
sorption ability. Based upon the foregoing, it is
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thought that balance of SSA and Ba loading of the ab-
sorbent is important.

For this study, Ba,TiO,/BaTiO; composites were
prepared from BaTiO; and BaCOs. Then the relation
between SSA and chemical composition of the ob-
tained samples was estimated, along with its CO, ab-
sorption capability.

2 Experimental procedure

High-purity BaCOs; (Wako Pure Chemical Inds.
Ltd., Osaka, Japan) was mixed with BaTiO; (BT-01;
Sakai Chemical Industry Co., Ltd., Osaka, Japan).
The Ba/Ti ratios were 1, 1.33, 1.67, 2, and 2.33. The
mixtures were heated at 1373 K for 1 h (heating and
cooling rate: 10 K/min). Then CO, absorption tests
were conducted at 873 K (heating and cooling rate: 10
K/min) for 30 min under a 90% N,-10% CO, at-
mosphere (0.3 L/min). After absorption tests, the
2.00 g samples were heated at 1373 K for 1 h for CO,
desorption tests under air atmosphere. The tempera-
tures were determined wusing thermodynamic
calculation®19, Phases formed in the powder were
identified using X-ray diffractometry (XRD) with Cu
Ko radiation (LabX XRD-6100; Shimadzu Corp.,
Kyoto, Japan). The powder sample SSA was meas-
ured using BET method with nitrogen (Gemini V;
Shimadzu Corp., Kyoto, Japan).

3 Results and Discussion

Fig. 1 portrays the XRD patterns of the obtained
powders after heating at 1373 K. The sample with a
Ba/Ti ratio of 1 consists solely of BaTiO; phase. The
BaTiO; peaks decreased concomitantly with increase
of the Ba/Ti ratio. At the Ba/Ti ratio of 2.33, Ba,TiO,
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Fig. 1T XRD patterns of samples after heating at 1100
°C for 1 h.
@ : Ba,TiO,, A :BaTiOs;, [1:BaCOs

and BaCO; were observed because the decomposition
temperature of BaCOj; is about 1723 K. No chart
shows any other phase.

The SSAs of the present samples are presented in
Table 1. Those of the samples with Ba/Ti ratios of 1,
1.33, and 1.67 were 1.7-2.0 m2-g~1. Those of samples
with a Ba/Ti ratio of 2 were about 0.5 m2-g~1, which
is about one-third of those listed above. All values
were lower than the SSA of the raw BaTiO3; powder
(12.5m2-g~1). It is considered that the grains grew
during heat treatment. The heat treatment of the mix-
tures was used for the chemical reaction from the mix-
tures to the objective materials. However, grain
growth also occurred. Kwon et al. reported that the
particle size changes as a function of heating
temperature!®. The average size of particles used in
their research was about 140 nm. Grain growth was
observed at temperatures higher than 1173 K. The
average particle size of the sample after heating at
1373 K was about 810 nm. For spherical particles, the
relation between the particle size and SSA is
described as the relation shown below.

_6
= A

Therein, d, p, and A respectively represent the par-
ticle size, particle density, and SSA. The respective
particle sizes of BaTiO; samples (Ba/Ti ratio of 1)
before and after heating estimated from this equation
are ca. 80 and 555 nm. These show fair agreement
with Kwon’s report!®. Slight differences originate
from the fact that the particles are not perfectly spher-
ical. Large decrease of the SSA of Ba,TiO, samples
(Ba/Ti ratio of 2) was observed. Results show that
Ba,TiO, has high sinterability. Samples with a Ba/Ti

d (4)

- ratio of 1.33 and 1.67 have slightly higher SSA. It is

inferred that they have two phases, each of which im-
pedes their grain growth. Moreover, samples includ-
ing more contents of Ba,TiO,, of which grains grow
easily, showed low SSA. At the Ba/Ti ratio of 2.33,
BaCOjs apparently restrains Ba,TiO, particle growth.

The CO, absorption capability of the obtained sam-
ples was evaluated. The phase change of Ba,TiO, af-
ter CO, absorption and desorption testing is presented
in Fig. 2. The BaCO; phase was assigned in samples
after the CO, absorption test. However, the sample
consists mainly of Ba,TiO,, which suggests that Ba,
TiO, was not completely reacted with CO,. After
desorption tests, the BaCO; reacted with BaTiO5; and

Table 1 The specific surface area of the obtained
samples.

Ba/Tiratio 1 133 167 2 233 RqY material

nggf}fnsz‘}gf‘fe 1.8 2.0 17 05 12 12,5
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Fig. 2 XRD pattern of the samples with Ba/Ti=2 af-
ter absorption and desorption tests.
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Fig. 3 CO, absorption amount and SSA as a function
of Ba,TiO4 loading in the samples.
@ : SSA, [1: CO, absorption

the Ba,TiO, was synthesized again. The CO, absorp-
tion amount is shown in Fig. 3. The SSAs of the sam-
ples were also illustrated in Fig. 3. BaTiO; has only
slight absorption capability. Samples with a Ba/Ti ra-
tio of greater than 1.33 showed CO, absorption (about
28 mg-g~1).

The absorption amount of the sample with Ba/Ti of
1.67 was about 49 mg-g~!. It is considered that this
increase originates to increase of Ba,TiO,. However,
the absorption amount of pure Ba,TiO, was lower
than that of the samples with Ba/Ti of 1.33 and 1.67
(about 25 mg-g~1). The chemical reaction of CO, ab-
sorption, described by eq. (3), can be used to calcu-
late the maximum obtainable amounts from this

chemical reaction. The value of 114 mg-g~! was ob-
tained, which is much higher than the measured
value. For the Ba,TiO, phase, which is regarded as in-
dispensable for CO, absorption, the chemical reaction
occurs only at the particle surface. In contrast, the
sample with Ba/Ti ratio of 2.33 showed the highest
CO, absorption. This samples includes BaCO; other
than Ba,TiO,. However, the SSA of the sample is
more than twice as high as that of the pure Ba,;TiO,.

These results suggested that both SSA and chemi-
cal composition are important for CO, absorbance.
Moreover, it indicates that SSA of absorbance should
increase at the cost of amount of Ba,TiO, phase in
some cases.

4 Summary

The Ba,TiO,/BaTiO; and Ba,TiO,/BaCO; compo-
sites powders were prepared by solid-state reaction of
BaTiO; and BaCO; powders. Their CO, absorption
capability was estimated. We conclude that Ba;TiO4
loading and SSA affected the barium titanate system’s
CO; absorption capability. To improve CO, absorp-
tion, the Ba/Ti ratio should be set as greater than 2,
and particles should be small.

The following results were obtained:

1) The crystalline phase of the powder with a Ba/
Ti ratio of 1 was BaTiO3; phase. It showed no CO, ab-
sorption capability.

2) The Ba,Ti0,/BaTiO; composite powders (Ba/
Ti ratio of 1.33 and 1.67) have CO, absorption
capability. The CO, absorption amount increased with
increasing the Ba,TiO, loading. However, the Ba,
TiO, reacted incompletely with CO,.

3) The sample with a Ba/Ti ratio of 2 consists
solely of Ba,TiO, phase with SSA of 0.5m?-g~L It
showed lower CO, absorption capability than the
above composites. It is considered that the low CO.
absorption capability originates to the low specific
surface area of the sample.

4) The Ba,TiO,/BaCO; composite powder (Ba/
Ti ratio of 2.33) also has CO, absorption capability. It
is regard that it has higher specific surface area than
Ba,TiO,.
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F5 BN 7 LRME K D B ERFE DRI

B HeR - A #I%E - KIB $RSE - R B - LTE KRR -
Bt it - K- #BHF B
(R TEERY)

Ba, Ti0,/BaTiOs &4 D CO, WINAE % 5Ffi L 72. BaTiO; & BaCOs ¥R 4 HAEBLL 7=V 7

IVOALEFARE BaTiOs, BayTi04/BaTiOs & BayTiO,/BaCO; TH - 7-. Th B D CO, WILAELS,

HEALTRDO/A. Ba/Ti s 1, 1.33, 1.67, 2, 2.33 0V /LVOHEREL, #hzh, 1.8,
2.0, 1.7, 05, 1.2m?-g 1 THo7z. TOEWZBEYBEFORKREIC LS DTH%. BaTiO; i3
CO, BN BE % TR X 7 n » 7228, BayTiO,/BaTiO; & Ba,Ti0,/BaCO; 8 &4t 13 CO, W INBE AR L
7o AEERIGADP DIRA CO, BMINEZHHE L& 25H, ERTEONIMEOW 10572 -7-. Th
D723 Ba,TiO, 28 CO, EFE2ICIIRIEL TE B, COy MINEES KIS T T, BFK
ORHEICEFE L2 EE 206N 5. £, B\ CO, WINAEIL BayTiO, B & BHEBBO/ANS Y AT
f5ERBEEINIz. FTz, COBIRL 72 DEAMIL, 1373 K THBET A2 & THAET S &
T&E7.



