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Hydroxyl sodalite [NagAI,;SiJ)24(0H)2] and hydrogamet [Ca3Ah(Si04)0.s(OH)ss] reacted vvith high-temperature 
HCl to the respective chlorine containing compounds, sodalite [NagAI,;SiJ)24Ch] and chlorinate mayenite 
[Ca12Al10S~Q2Cl;J and as a result, their absorption ability was lost. The hydrothermal reaction of nepheline 
[NaAISi04], which was formed by heating the sodalite at 1000 'C, "'ith NaOH was found to reproduce hydroxyl 
sodalite. Hydro garnet was also reproduced by the hydrothermal reaction of the chlorinate mayenite with CaO and 
H20. The products thus reproduced exhibited the same absmbing performance as that of the respective virgin 
materials. 
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l.lNIRODUCTION 

In tl1e 21st century~ it is not too much to say that the 

important probleJ11S in the world are environment and energy 

problen1S. Especially, in Japm where resources are scarce, these 

problen1S are serious. The waste management problem exists in 

one of the environment problems in Japan. h1 the past, the 

\vaste management was done by tl1e burning-up using an 

incinerator. The main purpose of fue burning-up is a loss in 

\\eight and quantity and the prevention of the growth of a 

plague. Because the toxic gases such as HCl, dioxins and fue 

others occur when burning up the waste, they pollute 

environment often. Under such a situation, fue researches to 

reduce and/or remove them and to prevent their occurrence are 

developing before anything happened. 

It is well known that a great deal of thermal energy generates 

\\hen burning \Vaste. The electric power generates electricity 

reusing the thermal energy. Because the fuennal energy is 

gotten through the heat exchanger, fue acid gas such as HCl 

contained in exhaust gas corrodes the heat exchanger. The more 

the corrosion of the heat exchanger is hot, fue more intensely it 

occurs. Therefore, it is necessary to reduce HCl gas at high 

temperature. lfHCl contained in exhaust gas can be reduced at 

high temperature, the thermal collection efficiency improves 
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and the efficiency of the generation of elec1ricity; too, in1proves 

more. As a result, it is possible for fue environmental pollution 

by HCl to solve and to con1ribute for the energy problem to be 

solved, too. Realizing this point early, the authors commenced a 

study of this sul?ject and recently successful results have been 

obtained. 

The authors found hydroxyl sodalite [N~iJ)24(0I--I);o] 

and hydrogamet [Ca~2(Si04)o&{OH)g8] already as materials, 

1\hich can fix er ion at high temperature [1-6]. However, these 

materials lose the Cl- ion 1ixation performance after reaction 

\vith HCl. Because, the development of the reproduction 

method for the reactants is desired. 

In this paper, the authors introduce in detail about hydroxyl 

sodalite and hydrogamet as new high temperature HCl 

recovery materials. In addition, fue reproduction method of the 

materials after HCl recovery to hydroxyl sodalite and 

hydrogamet was studied 

2. EXPERIMEN1AL 

2.1 Sample prepamtion 

PreJmation of hydroxyl sodalite was as follows. The 

kaolinite [Al2(Si20 5XOH)4] \\as used as Al and Si source, and 

NaOH was used in fue Na source. A mixed paste of kaolinite 



2164 Reproduction of a New High Temperature HCZ Sorbent, Sodalite (NasAl6Si6024Clz) and Chlorinate Mayenite 
(Ca12Al10Si40 32Cl6) - The Removal of Cl Ion Occluded in Nano Space of Zeolite Structure-

and NaOH \vas prepared in the mole ratio of 3:10. The ratio of 

NaOH added was in considerable excess of that theoretically 

required The hydroxyl sodalite was synthesized by heat 

treatment(lOO ° C, 24h) of the mixed rmteinanover1. After the 

hydroxyl sodalite \Vas synthesized, and further, sufficiently 

\\'!lShedin the distilled water to remove an excess ofNaOH. 

Hydrogamet was synthesized by the hydrothermal reaction 

of a stoichiometric mixture of alumina-sol, ammphous silica 

and CaO. The mixture \vas put in a teflon-lined stainless steel 

autoclave v, ith distilled \Vater: The \v-ater to solid ratio was 12: 1 

weightl\\eight The autoclave \\-as placed in the 

temperature-controlled oven, the temperature of vvbich \\-as 

controlled to increare from room tempernture to 200 ° C in 2 

hours. The mixture \\-as then kept at 200 ° C for 15hours. The 

solid product \\-as separated by filtration and dried at 110 ° C for 

24hours. 

2.2 Reaction \vithHCl gas at high temperature 

A small-sized fixed bed reactor \\-as used to examine the 

reaction oct\\een HCI gas \\ithout the moisture and hydroxyl 

sodalite and hydrogamet in the temperature range from 400 to 

900 ° C. Rough dra\\ing of the reactor is shO\'>n in Fig. I. The 

HCl reaction test w-as done as follows: A quartz glass tuoc 

packed by a sample of 0.5g \\-as placed in the tubular electric 

furnace, then the san1ple \\"aS heated up to desired temperature 

in flm\ing dry N2. After the sample temperature reached to 

desired temperature, HCl of 1 OOOppm \\-as flowed for 3hours at 

200rnVmin flow rate. 

HCL 111tal.)l%fl' 

HCI 

Fig. I Rough dmv'>lng of the small-sized fixed bed reactor 

2.3 Measurement 

Thermal decomposition behavi.or, crystal structure and 

chemical con1p0sition of san1ples before and after reaction '"ith 

HCl gas were examined by TG-DTA, XRD and XRF, 

re~vely. 

3. RESULTS AND DlSCUSSIONS 

3.1 Fixation of Cl- ion 

3.1.1 Hydroxyl sodalite 

When hydro:>~.]l sodalite reacts \\ith HCI gas, Oir ions are 

replaced with er- ions in the f3 cage of sodalite structure and 

it becomes sodalite [NagA)oSit)24Ch] (Equation 1). [2] The 

lattice constant ( ao) of sodalite structure became large from 8. 86 

to 9.04A according to suOOtitution between Oir (ionic radius: 

1.32A)andcr ion(l.81A). 

The relationship between the ammmt of er fixed in sodalite 

structure and the reaction ternpernture inFig.2. The weight ratio 

of er ion w-as measured by XRF, and the weight ratio to the 

sodalite (wf'/o) w-as regarded as the amotmt of er fixed The 

amount of er fixed increared with increasing the reaction 

temperatme, however it \\"aS drastically decreared after the 

highest value \\"aS shown at 800 ° c. The amount of er- fixed at 

900 ° C was zero. The amount of Cl- fi'Ced at 800 ° C '"-as 

7.3wt%, tllis value \\"aS correspondentto the er- weight ratio in 

sodalite. 

400 500 600 700 800 900 1000 

Reaction temperature I °C 

Fig.2 The relationship between the amount of Cl- fi'Ced 

in sodalite structure and the reaction temperature 

According to the measurement result of TG-DTA of 

hydroxyl sodalite, the dehydration reaction \\hich originated for 

OI-1 occurred at 2ffi ° C, and hydroxyl sodalite made phase 

change in camegieite [NaA1Si04] at 877° C. As a result of 

examining the reaction of camegieite and HCI, the camegieite 

already did not react \\ith HCI in the temperature range from 

400 to 900 ° C. 

3. 1.2 Hydrogarnet 

There \vas next fact from the TG-DTA measurement of 

hydrogamet. The endothermic peaks at 320 and 680 ° C · 
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recordtrl in D1A can be at1ributed to the release of OH radical. 

Hydrogamet was transformed into anhydrous mayenite 

[Ca12Al1~i.A5] through hvdrous mayenite 

[Ca12Al10S40l2(0H),] phare. The ideal phare transition of 

hydrogamet \vith increasing temperature can be given by 

equation2 and 3, respectively. 

5Ca0l-2(Si04)Js(OH)s.s--> 

Ca12Al1~4032(0H),+3Ca0+19H20 at320"c (2) 

The XRD )XIttems of hydrogamet reacting \\ith HCl were 

measured at the ambient conditions after cooling from each 

reaction temperature to room temperature. At the reaction 

temperature above 400 " C, the main phare \ViiS \vadalite 

[Cal2Al10S4~2CLs], and the second ph= corresponding to 

CaC}z · 2H20 was observed. Since CaClz is highly hygroscopic, 

it may take up moisture and form CaCh · 2H20. The chemical 

composition of the sample, after removing the second ph= 

[CaC12 · 2HP] by washing in distilled v\nter, \\as 

Cal2A19.9S4.oAzCls9 (Wadalite ), vvhichhas chlorine content of 

13.2\\fl/o. The HCl gas is efficiently remove from the inlet gas 

as Ca12Al99S4os~zCls9 andCaCh above 400" C. 

On the h!Sis of the results obtained, the reaction formula of 

hydrogamet and HCl is sho\\h in txiuation 4 and 5. 

Ca12Al10Si40 32(0H),+3Ca0+ 12HC1--> 

Ca12Al10Si40 32CL,+3CaC}z+9H20 400-650" C (4) 

Ca12Al10S403)1-3Ca0+ 12HC1--> 

Ca12Al10S4Q32CLs+3CaC}z+3H20 above 700" C (5) 

3.2 Reproduction of the reactants 

3.2.1 Sodalite 

It \\RS tried 1hat it removed er ions fixed in the /3 cage of 

sodalite in NaOH solution and reproduced in hydroxyl socialite. 

A mixed paste of socialite and NaOH \Vas prepared in the 

weight ratio of 1:4. NaOH existed sufficiently in excess. The 

mixture \\RS hydrothermally treated at 150 "C for 1 Ohours. As a 

result of examining the amount of Cl- ion includtrl in the 

product, the amount was almost equal to the amount of er ion 

includtrl in socialite. In addition, the result \\as same, even if the 

temperature rose at 200" C. From the above result, it became 

clear that this method could not use for the reproduction of 

sodalite to hydroxyl socialite. 

Sodalite \\as decomposed by heating at 1000 "C in nepheline 

[NaAJ.Si04], and NaCl \Vas formed as a by-product. By 

utilizing this reaction, the removal of er ions includtrl in 

socialite becomes possible. At the beginning, NaCl \\as 

removed in the \Vashing. Then, the reproduction of socialite to 

hydroxyl socialite \\as confirmed, \\hen it carried out the 

hydrothermal treatment at 200 " C by adding NaOH to 

nepheline. The mixture ratio of nepheline andNaOH \\as 12 in 

mole ratio. The XRD patterns of reproduced socialite are sho\\n 

\\ithit of the virgin material (0) inFig.3. Though the diffraction 

intensity from the reproduction material vvas weaker tliDll it of 

virgin material, those profiles were almost same to it of tl1e 

\irgin material, hydroxyl socialite. Therefore, it \\as concluded 

1hat the material after the reproduction treatment \\as hydroxyl 

sodalite. 

·------------· -------~ 
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Fig.3 The XRD patterns of reproduced socialite 
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The reaction of reproduced hydroxyl socialite and HCl gas is 

carried out at 700 "C, and the result is sho\\n in table I . The 

amount of Cl- ion fixed in the virgin material \\as 5.5\\fl/o, and 

it of reproduced hydrox'Yl socialite \las decreased to 4.4>V1%. 

The amount \\RS almost same by decreasing about 1 \\fl/o, even 

if the reproduction treatment vvas repeated. The reproduction 

treatment \\RS repeated to 7 times, and the fixation performance 

of the reproduced hydroxyl socialite for Cl- ion was almost 

same. 

Table I The amount of Cl- ion fixed in the reproduced 

hvdroxvl socialite . 0 

Number of reproduction Amount of Cl- ion fixed 

wfl/o 

0 (VIrgin material) 5.5 

1 4.4 

2 4.8 

3 4.6 

2165 
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3.2.2 Chlorinate rnayenite 

It is difficult to decompose thermally, because the thermal 

stability for wadalite is higher than it of hydroxyl sodalite. 

Wadalite was thennally stable in the heating at 1000 'C. 

Therefore, it was impossible to remove the Cl- ions in \\adalite 

by the thermal decompositiOil The mixture which consisted of 

vvadalite, CaO and water was prepmll, and then it \vas treated 

hydrothennally (200 'C, 15hm.rrs) in an autoclave. The 

generation of hydrogamet was confinntrl, \\hen the product 

material after the treatment \vas examined by XRD. It is 

possible to show the reproduction from wadalite to hydro garnet 

by equation 6. 

Ca12Al10S403zClo+6Ca0+22HzO-+ 

5Ca~2(Si04)os(OH)s.8+3CaClz (6) 

The amount of Cl- ion fixe:l in the reproduce:l hydrogarnet 

was examined at 700 'C. The measurement result is sho\\n in 

table 11 . In addition, XRD profiles before and after reaction of 

reproduce:l hydrogamet and HCl is shovvn in Fig.4. From the 

experiment describe:l above, we conclude that the reproduction 

to hydrogamet from wadalite \\as possible, and that Cl

fixation performance of the reproduce:l hydrogamet was 

almost same to that of the viigin material. 

[4] 0 

5 20 40 

2 e ( Cu-Ka }/ deg. 

e: hydrogarnet, 0: wadalite 

Before [1] and after [2] reaction for viigin material 

Before [3] and after [4) reaction for :reproduced material 
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Fig.4 XRD profiles before and after reaction of reproduce:l 

hydrogametandHCl. 

Table 11 The amount of Cl- ion fixe:l in the reproduced 

hvdrogamet at 700 ° C . 
Sample Amount of C! ion fixe:l I wf'/o 

Vngin material 22 

Reproduce:l material 19 

4.SUMMARY 

1) Hydroxyl sodalite and hydrogamet are the materials which 

react \\ith HCl gas at high temperature above 400 ° C. 

2) Hydroxyl sodalite changes to sodalite after :reaction \\ithHCl 

gas. 

3) Hydrogamet changes to chlorinate mayenite after the 

reaction \\ithHClgas. 

4) It is possible to remove HCl gas in exhaust gas at high 

temperatures by hydroxyl sodalite and/or hydrogamet. 

5) Since sodalite and chlorinate mayenite are stable materials, 

they do not react \\ith HCl gas 

6) The reproduction to hydroxyl sodalite and hydro garnet from 

sodalite and chlorinate mayenite is possible by heating and 

hydrothermal trea1ment. 

7) Reproduce:l hydroxyl sodalite and hydrogamet recover the 

reaction perfonnance \\ith HCl gas. 
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