CERAMICS

B INTERNATIONAL

ELSEVIER Ceramics International 30 (2004) 1031-1034

www.elsevier.com/locate/ceramint

Carbon dioxide absorption mechanisms of sodium added to
calcium oxide at high temperatures

Shunkichi Uend, D. Doni Jayaseelan, Jihong She, Naoki Kondo,
Tatsuki Ohji, Shuzo Kanzaki

Synergy Materials Research Center, National Institute of Advanced Industrial Science and Technology,
2268-1 shimo-Shidami, Moriyama-ku, Nagoya 463-8687, Japan

Received 15 April 2003; received in revised form 7 October 2003; accepted 22 October 2003
Available online 10 March 2004

Abstract

To apply the CQ absorber at about 100CQ for integrated coal gasification combined cycle (IGCC) furnace, the reactions of calcium
oxide and CQ at high temperatures was examined. Calcium carbonate reacts with sodium hydrogen carbonate be&oangforms
sodium—calcium complex carbonate. The sodium—calcium complex carbonate melts@t &i@the carbon dioxide absorption and discharge
reversible reactions of calcium-oxide takes place via liquid at around “XD08intering of calcium oxide at high temperature has been
successfully avoided by the addition of sodium.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction and discharge of C®gas at high temperatures, are candi-
date materials for the segregation and the recovery of CO
In recent years, attention has been seriously paid to thegas at high temperaturés,6]. However, the abundance of
reduction of carbon dioxide (Cf) emissions. Most green- lithium element is very low and expensive as compared with
house gases released from industries in the atmosphere havether alkali metal elements such as sodium and potassium
a bad influence on global warmiri@]. The separation of  or alkaline-earth metal elements such as magnesium and
CO;, gas that has been discharged from industrial field and/or calcium. Hence, it is difficult for the practical use of large
power plant in high concentration as exhaust gases and itsamounts of lithium complex oxides to separate Qfas at
recovery is inevitable. There are some useful methods for power plant or industrial field. And also the absorption of
the separation and the recovery of £@as from exhaust CO, gas of lithium silicates or lithium zirconate occur be-
gases, such as adsorption in the solMehtsegregation by  low 800°C.
ceramics filmg3] and so on. In the separation method pro-  Integrated coal gasification combined cycle (IGCC) sys-
posed by Matsuyama et 4P], the temperature of exhaust tem is a promising system of electricity generation in near
gas need to be cooled down to temperature below”@00  future because of its high thermal efficiency. The temper-
Hence, consideration of effective use of this method for the ature of coal gasification occurs at 20@ From the en-
separation of high temperature exhaust gases is inefficientdothermic reaction by adding gasification agent, the temper-
[4]. Therefore, it is advantageous in thermal efficiency that ature of the gases cool down to 11@ at the outlet of the
the separation and the recovery of £@as from exhaust  gasification reactof7].
gas perform at high temperatures. Search for high efficiency Cf£absorption materials which
Lithium containing complex oxides, such as, lithium sil- consist of sodium, potassium, magnesium, calcium complex
icates or lithium zirconate, that show reversible absorption oxides, operating at high temperatures of about T@)0s
prime important. In this case, magnesium and calcium oxides
easily sinter at high temperatures, so a restrain mechanism
* Corresponding author. Tek81-52-739-0135. of the sintering of magnesium and calcium oxides will be
E-mail address: shunkichi.ueno@aist.go.jp (S. Ueno). required for a long time use.
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In this paper, C@ absorption reaction of calcium oxide
at high temperatures discussed.

2. Experimental

High purity CaCQ (99.9% purity, Kojundo Chemical Lab
Co., Ltd.) and NaHC® (99.5% purity, Wako Pure Chem-
ical Industries, Ltd.) were used as the starting materials.
The required amounts of respective chemicals were mixed
in the agate mortar by proper ratitable 1shows the com-
positions of mixed powders in this study. Thermal analyses
for these mixed powders were carried out up to 1200
by thermo-gravimetric apparatus (model: Thermo Plus TG
8120, Rigaku Co., Ltd) in a flowing C{gas (5 ml/min) at-
mosphere, at a heating and cooling rate of 10 K/min.

The identification of the phases was examined by powder
X-ray diffraction method using X-ray diffractometer (model:
RINT 2000, Rigaku Co., Ltd.).

3. Results and discussion

Fig. lashows the result of differential thermal analysis
(DTA) of pure CaCQ@ andFig. 1bshows change in weight

Table 1
The composition of each sample

Sample name CaCGNaHCG; (mole)

Na-1.2 1:0.012
Na-30.5 1:0.305
Na-93.2 1:0.932
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Fig. 1. (a) DTA curve and (b) TG curve for CaGO
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Fig. 2. DTA curves of (a) Na-1.2, (b) Na-30.5 and (c) Na-93.2 samples,
respectively.

during cyclic thermal test from 300 to 120G, carried out
for six cycles. From DTA curveKig. 13, it is recognized
that the temperature beginning of the £@lease is 923C
during heating process and the beginning ohb@Dsorption
is 877°C during cooling process, indicating that CagO
reacts with CQ at 900°C in CO, atmosphere. It should be
noted that this reaction is a reversible reaction.

After the discharge of Cg&gas at about 90TC, the weight
of calcium oxide (CaO) is unchanged above 930 as can
be shown inFig. 1h In this experimental condition, the
weight loss at about 60 during the first cycle of heat
treatment is 24 wt.%. Large CaO particles were formed by
sintering at about 900C. CQ, absorption reaction occurs
at the surface of CaO particle during cooling process, so
that the growth of CaO patrticle brings the shrinking of the
amount CaO that can not contribute to the reaction o CO
absorption.

Fig. 2a—c show the DTA curves of Na-1.2, Na-30.5
and Na-93.2 samples, respectively, from room temperature
to 1000°C. Fig. 3 shows the powder X-ray diffraction
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Fig. 3. Powder X-ray diffraction pattern of Na-30.5 sample after thermal

analysis.
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Fig. 4. CQ discharging temperatures of each samples.

pattern of Na-30.5 sample after DTA measurement.
The formation of sodium-calcium complex carbonate
NapCa(CO3)3 is recognized fronfig. 3.

The endothermic reaction, which occurs about 200n
Fig. 2 has been understood as the formation opGlag
by the decomposition of NaHCOand simultaneously the
formation of NaCa(COz3)3 by NgCO3 and CaCQ reac-
tion. In Fig. 2b and ¢ endothermic and exothermic peaks
are formed at 813C, and this is attributed to the melting of
complex carbonate N&&(COz3)3 [8].

The temperature of Cfrelease from CaCgslightly in-
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Fig. 6. Weight loss by one cyclic thermal analysis for each samples.

The weight loss measured at 60D after one thermal cy-
cle has been plotted against the addition of sodiufFign 6.

The amount of weight loss corresponding to the sintering of
CaO at above 90TC decreases with increasing sodium con-
tent, i.e. by adding sodium to Ca@Che sintering of CaO

at high temperature was successfully avoided. On the other
hand, the amount of Cabsorption slightly decreases with
sodium contentKig. 7).

From above results, the avoid of weight loss, i.e. the
restrain of the sintering of CaO mechanism at high tem-
peratures can be discussed as follows. Nakl@@ded to
the CaCQ system forms complex carbonate Xz (COz)3

creases with increasing amount of sodium concentration aspejow 200°C in CO, atmosphere. When N&a(COs)s

shown inFig. 4 And also by increasing the sodium con-
centration, exothermic reaction peak corresponding tg CO
absorption at about 90 at cooling step decreases and in
the case of Na-93.F(g. 2¢), exothermic reaction peak dis-
appeared.

Fig. 5 shows the weight changes for Na-30.5 sample.
There is an initial weight loss corresponding to the for-
mation of NaCQOs by decomposition of NaHC$) in the
temperature range from room temperature to ZDOFrom
200 to 800°C, there is no change in weight. However, it is

melts at below 900C, CaCQ particle will be surrounded
by NaCa(COzs)3 liquid and hence, the COgas release
from CaCQ and the CQ gas absorption by CaO reac-
tions must occur through the liquid. GQelease and ab-
sorption occurring through the Maa(COz3)3 liquid is the
rate-determining step, so that the beginning,Q®lease
from CaCQ temperatures increases with increasing amount
of liquid, namely the amount of N&a&(CO3)3 phase, as
shown inFig. 4. In the CQ absorption reaction, once GO
gas enters the liquid, the absorption of £gas in the liquid

observed that the weight decreases and increases at aboujij| pe the rate-determining step, so that the £absorp-

900°C, which corresponds to the release of £Ogas from
CaCGQ; and absorption of C®gas by CaO. Similar result

tion takes for a long duration of time. This is the reason for
the peak corresponding to G@bsorption, which decreases

has been obtained also for Na-1.2 and Na-93.2 samples (nofyith increasing sodium content as shofig. 2 Before par-

shown here).

T T T T T
O . -
E-10F 1
2
5
5 h—
g -20F .
z
.20
Z 301 1
L Il L Il L 1 L Il L Il
0 200 400 600 800 1000

Temperature/°C

Fig. 5. TG curve for Na-30.5 sample.

ticle growth by sintering, large amount of Cag@ould be
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Fig. 7. Weight increase by GQabsorption for each samples.
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surrounded by liquid Ng&C&(CO3)3 phase, then the sinter-  peratures, it is effective to restrain the sintering of CaO by
ing of CaO at above 90T would be successfully restrained. combining with materials that have melting point just below
The amount of CaC&®surrounded by liquid phase increases 900°C.

by increasing the amount of N@a(COs3)3 phase, so that

the influence of sintering of CaO, namely, the weight loss

at 600°C decreases by increasing sodium content. References
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