UIFAIUNIN

1 [ a I 4
[1] ﬂille\T\TTL!@qﬂﬁTVfﬂﬁﬁll “Q@fﬂ‘ﬂﬂiiu‘ﬂaﬂuﬂaﬂllagﬁzﬂi‘lJE]giJlﬁﬂ?J” L?Ullcﬁﬂ

http:/twww2.diw.go.th/l_Standard/Web/pane_files/Industry27.asp 1 FUNAY 2557

[2] Tnsamsnaniden YemruanuIuANi o (Building Materials: Thermal Insulation)
dninauaviyms Insamsnan@er aaniudwnadon Ing dninauuasgiu

HARANUNYARINNTTU.

[3] M. Scheffler, P. Columbo, “Cellular Ceramics”, WILEY-VCH, p. 158, 2004.

[4] Academic Center for Education, Culture & Research “Open Cell Metal Foam” e
http://www.acecr.ir/ShowProduct.aspx? FID=5vcz+Ae6 Vho= 1 FUNAY 2557

[5] HR. Fernandesa, D.U. Tulyaganova and J.M.F. Ferreiraa, ‘“Preparation and characterization of
foams from sheet glass and fly ash using carbonates as foaming agents,” Ceramics International,

2009, Vol. 35, pp. 229-235.
[6] A52M13 NINANS T “gllonuiunnuiou”, Usin BULOUAD 109, 2537.
[7] CFOAM® “Carbon foam” L%Uul‘?]fﬁ’ www.cfoam.com 8 WUIAY 2556
[8] POCOGRAPHITE Thermal management material. ©Poco Graphite, Inc., 2008.

[9] Good Fellow “Alumina Foam” L’dmvlch' ﬁ’
http://www.goodfellow.com/catalogue/GFCat4J.php?ewd_token=HKhPez5y9IM8IAIRM2E9F

w3eOwKueEH&n=tP6gtfSy1iCW2UysIpAysCeBHEfSF 8 HUAN 2556

[10] V. Paserin, S. Marcuson, Jun Shu and D.S. Wilkinson, “The chemical vapour deposition

technique for Inco nickel foam production — manufacturing benifits and potential applications,”

78



Cellular Metals and Metal Foaming Technology (MetFoam 2003). 3rd International

Conference, MIT Verlag, Berlin, p. 31.

[11] YsaFeugradaea “udrviialoan la” Hu'lad

http://www.lks.ac.th/student/kroo_su/chem3/Glasses.html 1 N WUT 2555

L & ' o < ¢
[12] ATUYATINNTTUNUIIUUATNITIHUDILT “AZNTU” L?‘Uulch'ﬂ

http://www.dpim.go.th/recycling/article? catid=22 8 &articleid=3500 13 HUIAY 2556

[13] D.U. Tulyaganov, H.R. Fernandes and S. Agathopoulus, ‘“Preparation and characterization of
high compressive strength foams from sheet glass,” Journal of Porous Materials, 2006, Vol. 13,

pp. 133-139.

[14] Bo Chan, Kegiang Wang, Xingjun Chen and Anxian Lu, “Study of foam glasswith high
content of fly ash using calcium carbonated as foaming agent,” Materials Letters, 2012, Vol.

79, pp. 263-265.

[15] E. Bernardo, R. Cedro, M. Florean and S. Hreglich, “Reutilization and stabilization of wastes

by the production of glass foams,” Ceramics International, 2007, Vol. 33, pp. 963-968.

[16] Enrico Bernardo and Francesca Albertini, “Glass foams from dismantled cathode ray tubes,”

Ceramics International, 2006, Vol. 32, pp. 603-608.

[17] Frangois Méar, Pascal Yot and Michel Ribes, “Effects of temperature, reaction time and
reducing agent content on the synthesis of macroporous foam glasses from waste funnel

glasses,” Materials Letters, 2006, Vol. 60, pp. 929-934.

[18] Francois Méar, Pascal Yot, RomainViennois and Michel Ribes, “Mechanical behavior and
thermal and electrical properties of foam glass,” Ceramics International, 2007, Vol. 33, pp.

543-550.

[19] HW. Guo, Y.X. Gong and S.Y. Gao, “Preparation of high strength from glass-ceramics from

waste cathode ray tube,” Materials Letters, 2010, Vol. 64, pp. 997-999.

79



[20] S. Abbasi, S.M. Mirkazemi, A. Ziaee, and M. Saeedi Heydari, “The Effect of Fe,O, and Co,0,
on Microstructure and Properties of Foam Glass from Soda Lime Waste Glasses,” Glass

Physics and Chemistry, 2014, Vol. 40, No. 2, pp. 173-179.

[21] Long Wu, Yi Long Zhao and Rong Fa Chen, “Effects of Foaming Temperature and Holding

Time on Foam Glass,” Advanced Materials Research, Vol. 712-715, p.897.

80



UM TTINUNRSUNS

Korakod Pawanawichian, Worapong Thiemsorn, Anucha Wannagon and Piyanoot Laoarun
“Fabrication of Glass Foams from Industrial Wastes Used as Insulating Board”
International Conference on Applied Physics and Material Applications (ICAPMA2013)
Phetchaburi, Thailand, p519 — 7 '

Book of Abstracts

International Conference on Applied Physics
and Material Applications

February 20-22, 2013
Golden Beach Cha-Am Hotel
Phetchaburi, Thailand

Nakhon Pathom Rajabhat Lmiyiersity

Supported by
Office of the Fhgher Education Commission
University

khon Campus
hll)

Center of Excellence in Glass Technology and Materials Seienees (€

81



Korakod Pawanawichian, Worapong Thiemsorn, Anucha Wannagon and Piyanoot Laoarun
“Fabrication of Glass Foams from Industrial Wastes Used as Insulating Board” Advanced

Materials Research vol. 707 (2013), pp. 205-208

Advanced Materials Research Vol. 770 (2013) pp 205-208
Online available since 2013/Sep/04 at www.scientific.net
© (2013) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/ AMR.770.205

Fabrication of Glass Foams from Industrial Wastes Used as
Insulating Board

K.Pawanawichian" 2, W.Thiemsorn"®, A Wannagon? ©and P. Laoarun®¢

'Department of Industrial Chemistry, Faculty of Science, Chiang Mai University, Chiang Mai,
50200, Thailand

?Department of Ceramics Design and Manufacturing Lab, Ceramics Technology Research Unit,
National Metal and Materials Technology Center, Pathumthani, 12120, Thailand

3Innovation section, Thaitechnoglass Co.,Ltd., Nakhon Pathom, 73000, Thailand

“k.pawanawichian@gmail.com, "worapong@chiangmai.ac.th, “anuchaw@mtec.or.th,
“piyanoot@bsgglass.com

Keywords: Glass foam; Industrial waste; Insulating; Waste glass; Slag

Abstract. Insulating glass foam (IGF) was successfully fabricated by wet process. The starting
proportion of 65 wt% waste glass, 12 wt% slag, 23 wt% commercial soap was added with 15 wt%
Na,SiO; and represented then was sintered at 725 °C. The IGF had cellular structure with the
macro-pore size at 0.428 mm and thin cell walls. Density, thermal conductivity and compressive
strength were 0.310 g/cm®, 0.130 W/m.K and 0.78 MPa, respectively. The average pore diameter
and porosity increased with increasing the Na,;SiO; concentration and the sintering temperature. On
the other hand, the density, thermal conductivity and compressive strength were decreased.

Introduction

Microcellular materials including with glass foams are widely used in thermal/sound insulation,
energy absorption and structural uses due to their unique properties such as light weight, low
thermal conductivity, buoyancy and cushioning performance [1]. Glass foam is a heterophase
system consisting of the solid phase (glass thin walls) and gaseous phase covered with the walls.
Basically, glass foams is produced within two routes: (1) obtain by the action of a foaming agent,
mostly carbon or carbonaceous substances (dry process) and (2) obtain from expansion of bubble
gas which trapped in glass foam slip (wet process). During firing, the generating gas from the
foaming agents and/or the expansion of bubble gas occur within a mass of the softened glass
powders while viscous flow sintering. The properties of finished glass foams depend on the type
and quantity of the added foaming agents, pore size/pore structures and heating profile [2].
Fernandes [3] and Mangutova [4] have prepared porous glass foams by dry process. The fly ash
and waste glass are the main raw materials mixed with carbonate compounds as foaming agent. In
this paper, insulating glass foam (IGF) is successfully fabricated from waste glass and slag
cooperated with a commercial soap by wet process. The relation of sodium silicate (Na;SiO3)
concentrations and sintering temperatures on the final properties of IGF are also investigated.

Experimental

Insulating glass foam (IGF) preparation

Waste glass (WG) from Thaitechnoglass Co., Ltd. and waste slag (WS) from smelting process
were dry-milled, producing particle sizes smaller than 65pm and 100 um, respectively. Commercial
soap (CS) was cut and sized in order to obtain grains < 1 cm. The starting proportion (wt%) of
65%WG, 12% WS and 23% CS was prepared for total 1200 g. Commercial Na,SiO; powder as
deflocculant and sintering aid was added to the starting proportion in different concentrations,
varying from 10 wt% to 15 wt% as noted IGF10 and IGF15, respectively. The mixtures were mixed
with 570 cm® of water and 137 cm’ carboxy-methylcellulose (CMC) in a high speed mixer for 15

Al rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www.ttp.net. (ID: 202.28.248.42-13/11/14,08:41:49)
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min in order to produce a lot of small gas bubble. The density of slip was constant at 2.00 g/cm’.
The slip was poured into an acrylic mould (8 inch x 8 inch x 2 inch) and dried at 70 °C for 12 h.
The dried samples were sintered at 700, 725 and 750 °C for 15 min with 3 °C/min and then were
normal cooled to room temperature. Finally, the IGFs were cut (5 cm x 5 cm x 5 ¢cm) and then
polished in order to investigate their physical and thermal properties.

Measurement

Foam morphology and pore sizes were investigated using a digital microscope (Dino-lite AM-
413ZT). After measuring and calculating more than 25 pores, the average pore sizes of the IGFs
were determined. The density of the IGFs was evaluated according to the p = m/V where p is
density (g/cm’), m is weight (g) and V is volume (cm®) measured by the dimensions of the samples.
Porosity in term of water absorption (%) was determined as following the procedure in the article
[5]. The thermal conductivity (W/m.K) was recorded at room temperature with thermal conductivity
sensor (v.3.0/revised 02-09). The compressive strength (MPa) was tested using a compression
strength tester DTM (model no.DTMT556). Each result was the average of five measurements.
Results and discussion

Foam morphology

Primary observation, the foam morphology of IGF samples sintered at different temperatures
was considered. The original pores were generated by CS during flicking with a high speed mixer.
The foam structure obtained and still existed for sintering at 700 °C and 725 °C. The sample
sintered at 750 °C, because of low softening temperature (<670 °C) and low viscosity of Na,SiO;,
featured the dense and high compaction phenomena, so that the sintering and foaming temperatures
could be investigated at 700 and 725 °C.

Pore size

Fig. 1 is the cellular structures of the four IGF samples. There existed homogeneously a lot of
closed-pores with different diameters in all samples. The average pore diameters varied in the range
of 0.379-0.428 mm which could be classified into macro-pores [2]. It was found that the average
pore diameter increased with increasing the Na,;SiO; concentration and the sintering temperature.
This could be explained by gas expansion. During sintering, the high Na,SiO; concentration led to
great gas expansion. According to foaming process, the samples begin to soften under the expansion
pressure which brings large pore diameters. The IGF10 and IGF15 sintered at 725 °C led to lower
high-temperature viscosity of cell walls and higher gas pressure, which stretch the cell wall as a
result of the generation of largest pores at 0.428 mm and thin cell walls [6].

(a) O.37§ mm, lG.FIO (b) 0.410 mm, IGF15 (c) 0.399 mm, IGF10 (d) 0.428 mm, IGF15
Fig. 1. Macro-cellular of IGFs (a) and (b) sintereg 700 °C (c) and (d) sintere(_i at 725 °C.

Density and porosity

The increases of the Na;SiO3 concentration and the sintering temperature resulted in a dramatic
decrease of the density and increase of the porosity as shown in Fig. 2(a) and (b), respectively. The
result of density is in good agreement with that of porosity. In this paper, the density varied in the
range of 0.310-0.344 g/cm® which could be classified into medium foaming (0.10 g/em’ < p < 0.40
g/em®) [6]. It was found that either Na,SiO; concentration or sintering temperature decreased the
density of IGFs, however the density of IGFs sintered at 725 °C was much lower than sintered at
700 °C. The resulting of porosity was reverse. The changes of density and porosity related to the
large pore diameters and thin cell walls as discussed above.
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Fig. 2. The effects of Na,SiOj; content and sintering temperature on (a) density (b) porosity.

Thermal conductivity

Fig. 3(a) illustrates thermal conductivity of IGFs. The thermal conductivity values of IGFs, in
this paper, were 0.130-0.157 W/m.K which enhanced thermal insulation capability after compared
with other materials [6,7]. It could be seen that the thermal conductivity decreased with higher
Na,SiO; concentration, due to lower density and higher porosity of the IGFs which were mainly
responsible for thermal insulation property. Thus, the thermal conductivity of IGF15 (0.150
W/m.K) was lower than IGF10 (0.157 W/m.K) after sintered at 700 °C. In the other hand, for given
concentration of Na,SiO;, the thermal conductivity decreased after sintered at 725 °C as 0.144
W/m.K and 0.130 W/mK for IGF10 and IGF15, respectively. This statement could be substantiated
by density results and macro-cellular of different pore diameters (Fig. 1).
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Fig. 3. The effects of Na,SiO; content and sintering temperature on (a) thermal conductivity
(b) compressive strength.

Compressive strength

Generally, compressive strength is reasonably correlated with density and cellular structure of
the foamed materials. Fig. 3(b) illustrates connectivity between macro-cellular features and
compressive strength for IGFs sintered at 700 °C and 725 °C. It could be seen that the compressive
strength decreased with higher Na,;SiO; concentration and sintering temperature. The larger pore
diameters and thin cell walls in IGF15 resulted in compressive strength 1.18 MPa that is lower than
that for IGF10 at 1.22 MPa. In the other hand, for given concentration of Na,SiO3, the compressive
strength decreased after sintered at 725 °C. There is ipsignificantly changed for different Na,SiO;
concentrations as 0.75 MPa and 0.78 MPa for IGF10 and IGF13, respectively. Although the
compressive strength values of IGFs, in this paper, were lower than other materials [8]. However,
the IGF15 sintered at 725 °C could primarily be applied for interior thermal insulating board as
shown in Fig. 4(a) similarly with other works [9, 10].

Conclusion

In this paper, insulating glass foam (IGF) was successfully fabricated from the starting proportion
of 65 wt% waste glass, 12 wt% slag, 23 wt% commercial soap and was added with 15 wt%
Na,SiO; by wet process. The insulating broad was sintered at 725 °C which represented the cellular
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structure with the macro-pore size at 0.428 mm and represented thin cell walls. Density, thermal
conductivity and compressive strength were 0.310 g/em®, 0.130 W/m.K and 0.78 MPa, respectively.
The average pore diameter increased with increasing the Na,SiO3 concentration up to 15 wt% and
the sintering temperature at 725 °C. The decrease of density and the increase of porosity related to
the large pore diameters and thin cell walls. The thermal conductivity reached to the lowest value
due to the lowest density and the highest porosity of the IGF containing 15 wt% Na,SiOj sintered at
725 °C. Again, the compressive strength decreased after sintered at 725 °C which was
insignificantly changed for different Na,SiO3 concentrations.
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