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Abstract

In this study, a template synthesis was employed for preparing calcium
hydroxide from industrial eggshell waste. Both effect of template chemicals e.c.
ethanol, isopropanol, butanol and pentanol, and synthesis temperatures on properties
of calcium hydroxide were systematically investigated. The results from N, adsorption
onto synthesized calcium hydroxide at -195 °C indicated that kinematic diameter of
template alcohols played an important roles on specific surface area of synthesized
calcium hydroxide. Synthesis of calcium hydroxide at room temperature using
isopropanol as template exhibited high specific surface area of 47.96 mz/g, which was

higher than conventional synthesized calcium hydroxide. In addition, synthesizing of
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calcium hydroxide and further activation at high temperature led to decrease of specific

surface area of calcium hydroxide.

Keywords: calcium hydroxide, specific surface area, eggshell, template synthesis
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Wy uea (19.00 m’/g) wieltidusnssfizelunisuanlulefioa (Liu et al, 2008; Shin et al.,
2009) YauzAiUTaAsINFLTM (total pore volume) vesueaiTesilansonladftiuualiimdudiontu
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cm?/g Fans1eil 1 (Table 1)

Table 1 Surface property of calcium hydroxide synthesized from different alcoholic

templates at room temperature

Total pore Pore
Template Kinetic BET .

Sample 0.1 volume size
chemicals diameter (A) (m¥/g) o

(cm?/g) (A)

’Eggshell - - 2.0 +0.04 0.006 119
“Commercial Ca0 - - 3.2 +0.02 - -

*Commercial Ca(OH), - - 6.2 0.019 130
“Calcium Hydroxide DEG - 47.6 - -
“Calcium Hydroxide Water 2.7 20 - -
*Calcium Hydroxide Methanol 3.8 19 - -

This study

1 Ethanol 4.3 39.38 £0.46 0.145 148

2 Isopropanol a7 47.96 +0.32 0.196 163

3 Butanol 5.0 44.21 +£0.15 0.184 166

a4 Pentanol 5.1 35.71 £0.28 0.153 171

Remark ' Van der Perre et al. (2014)., % Pornchai et al. (2016), ’ Watcharathamrongkul et al. (2010),
* Shin et al. (2009), "Liu et al. (2009)
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Figure 1 Pore size distribution of calcium hydroxide synthesized from different alcoholic

templates at room temperature
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wuhweadoulensenludiidunszilagldlelelnsmuoatuiiuiiiadumzgeiigalunduuos
Leanesedndnw JuihuignsAnudvinavesgamnlinisduaszidoautivesunadey
lonsonles Ineilanznsiianudeud gaunQilvies 40, 60 uaz 80 °C nTthuaaLgey
leasenludnduaszrilsfigamagivedummsnsedusnanusoul 400 uaz 650 °C tiels
weanesedfiuinadluana (guest molecule) lugnuvasunaideslansonludaatssiin
AramguLinty nan1sAnundinisned 2 (Table 2) wansiangitiuiiiamuindonia
samgflumsdaanziueaifeulsnsonladanguungifesuis 80 °C fuavhlsufiiadumz
wagUiuinsgnsuvesuanidoulansenledanas lnsfiufiiaduniganasdnduiosas
8.06-35.36 \othueaidesllonsenludidunszsilifgumgiivieslunszduseanusoudl 400

Wz 650 °C wutituiiinanasan 47.96 Wu 19.50 uaz 16.80 m’/g AU
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Table 2 Surface property of calcium hydroxide synthesized at different temperatures
and using isopropanol as template

Synthesis BET Total pore Pore Size Micropore volume
temperature (m2/g) volume (A (cm?/g)
(°C) (cm3/g)

Room Temperature 47.96 +0.32 0.196 163 N/A
40 37.81 +0.17 0.168 178 N/A

60 44.09 +0.32 0.150 136 0.000328
80 31.00 +0.32 0.142 183 N/A

400* 19.59 +£0.32 0.095 194 0.000920

650* 16.85 +£0.32 0.086 205 0.000226

Remark * The samples were synthesized at room temperature

\defiansamanisiiaseinisaateidneanuiounuiifiegraudenlaiinns
aaned 2 119 Aevasiintsgaydeinalulssunmdosar 5 veshmiln fdguugiuszana
100-650 °C MsilAna1NN1TszInEveaznITaaIBfvesasBunieiiluesdusznauly
Waenld Srstaesgnydemnaliszinaiosas 40 vesimiin fivasgungiuszann 650-800 °C
Ainnsaanedivesmiveialuienld (Pomnchai et al, 2016) ludiudisegiuaaidey-
lansonludiidaasegiidslelelnsmiuea wuiifnnisanioiadsmufousgiome 3 9
Tnsmsaatedauiesanaudeuludisusniosas 3 vesiniin fgumglivszanm 100 °C
dosniAnnisgydeeutuy Weliuguugituluaua 400 °C fimsgapdemaidiesninau
Soulunidesay 25 failiosnnnduueaneseaiioglulassainsazaarsdilioynaiides
Hudwuiureueadeusenlefyuiadsavilsituiiisanasie uasndeliarudeuds 650 °C
wud Imsggdenadonnanuieulunindesar 15 iesnuandeslansonledgade
nanalduupalfsumsuaiun (Rodriguez-Navarro et al., 2016) ANl 2 (Figure 2)
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Figure 2 TGA thermogram of eggshell and calcium hydroxide synthesized at room

temperature by using isopropanol as a template
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NAMSAASIERMSE UL LB ngdeLAies Xray Diffraction vesiognaunaLfe-
lensenladiidanszvisnelolslnsmusaluannzguuaiiing q fu wuiueadeslensenlys
ﬁé’qmiwﬁﬁqmugﬁﬁmLLawé“ammhumﬁmzéjuﬁ 400 °C flaseadramamdunaalad
yosansUsznaunaaideilansonled elieufiuinnsgiu JCPDS (Lesbani et al, 2013) lngdl
firvpanaidoylansenludiAnfisiuveis 28.7°, 30.1° 47.1° uaz 50.8° wsleufum 2 fogns
Tudnvesnaatdoslansenledndsaindunisnseduil 650 °C flassairndnduunaled
yasasusznaueadeulansenleduasarsussnavnaaideu-aonlenlnafifiniafiduni
28.7° 32.2°, 30.1°, 37.4°, 47.1° uay 50.8° WielwAnuSeuroauiis 800 °C wuillasiadiawan
Juuraledvesunadouoenlemlneiifiafnfisumds 20.4°, 3220, 37.3°, 53.9°, 64.1° uay 67.3°
Fadenrdoatuneuues Zhu et al. (2016) uax Kong et al. (2016) ANl 3 (Figure 3)
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Room temperature

20 30 40 50 60 70 80
26 (degree)
Figure 3 X-ray diffractograms of calcium hydroxide synthesized at room temperature
and activated at 400, 650 and 800 °C
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Feluguvaddaaninas (Host-guest system) dstugwsuisiowalvgTunusiavesueanased
lusnsu (Kawashima et al,, 2009) a1nn15ANw1vee Shin et al. (2009) WuIUAR S Iz
waaidou-lansenleniildlaensaulnanoaduwinuuiidfuiiiasinzwinfu 47.6 m2/g
Falndidvafuafuiiinsunizvesunadonlonsonlesildlolsinsniveafuuduuuly
msAnwd LwiLﬁaamﬂimLawﬁﬁulﬂaﬂaaﬁmwwﬁqu fnavinlwnisdsasudnuudiuiuesn
nuanfuainlddeudisenuavervdmaliivdosraduarsuuidevlunandausily win
Wisuisuludmaudmsldlolsinnuealuuiuuuasyiliidunulunssdadniinsuan

melaevsau-lnanea Fadlsiangendiuin

Table 3 Selected peaks from X-ray diffractograms of calcium hydroxide synthesized

at different temperatures

Samples 20 References
Sample - Room temperature 28.7° 34.1° 47.1° 50.8° this study
Sample - 400 (°C) 28.7° 34.1° 47.1° 50.8° this study
Sample - 650 (°C) 28.7° 34.1° 37.4 °47.1° 50.8° this study
Sample - 800 (°C) 32.2° 37.3° 53.9° 64.1° 67.3° this study
Cao 32.4° 37.6° 54.2° 64.6° 67.8° Zhu et al. (2016)
Ca0o 32.2° 37.4° 539° 64.2° 67.4° Kong et al. (2016)
JCPDS data Ca(OH), 28.6° 34.1° 47.1° 50.8° Lesbani et al.(2013)

3
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