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High Temperatures

This paper presents the results on the effect of high-temperature exposure
on selected properties of high-calcium fly ash geopolymer paste. Ten-molar
sodium hydroxide at sodium silicate (Na,SiOs) to sodium hydroxide (NaOH)
ratio of 2.0 and liquid/binder ratio of 0.60 was used as liquid alkaline activator.
Compressive strength, flexural strength and microstructure of geopolymer paste
after exposure to temperatures of 200 - 800°C were determined. The results
showed that the paste color changed after exposure toa temperature equal
to or higher than 600°C; heating thespecimens to 800°C led to cracks. The
compressive strength and flexural strength of the paste heated to 800°C were
25% and 9% of those of the control sample, respectively. Porosity of the
high-calcium fly ash geopolymer paste increased with increasing temperature.
In addition, larger capillary pores and air-void pore size distribution of the
geopolymer paste increased, while the medium capillary pores and gel pore
size distribution decreased. Geopolymer paste exposed to 800°C suffered
damaged porous structure and the geopolymer gel structure was destroyed.
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dlofiarsannisnszareveddnssdlonediwesinas
wu31 swnveddasassinsuvsesndudussianie
Tnsawa (Gel Pore) fiflawialnsadnnin 10 wiluwns
InssAdan3vunnnans (Medium Capillary Pore) S
Tnseagsgning 10-50 wiluwas InsspUasaualug
(Large Capillary Pore) flvunalnsagsening 50 uluins -

10 lupsew uazlnssane (Air Void) Aelnssiisiowalve
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3.6 NMMWVY1Y Fractured Surface ¥83

Nowadiuasinad

MUY Fractured Surface vosilenadiues-
waruansfagud 9 WeRinsanguil 9 n) wuihdnwae
\ihaeedlenedwesinaiusznausseyniaiiiaosiivh
Ufnsen laviisen wasvinufisenuisdiu n1svi
Ufnsenvesinaseriiviinilonediuesiaa (N-A-S-H)
warunadeddinalawmsn (C-S-H) dwalvidlonediues-
wadiihdsSmfinty iWoRinsanluguil 9 ) fauang
fegsvesdlewediuedinaniiind 200 ssrwaiFya

'T._j!E B -

(A) 400
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Tassasalnsadlmaidnanasilefinnsaniouiivudu
WadiAUANAMIUSUT 9 R) fegefindl 400 een
waidea wuilassaisdlenedumesinadGuunngiises
wanSMvuIndnINIsaaefvesUfiseuaadunda-
inslaimsmnsainisindogafigamgd 600 ssrniwaidea
filuguil 9 1) wusesunninvesilonediesinadvun
Ingjdu venmniiflefiansangud 9 2) flgamgdnisun
800 e walvanyud1 Ilenediuedinadiisosunnin
fiflvuaniauaslasadloneduesinadgninats [35]
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JUN 9 A ey Fractured Surface vasilevadiuasinadfiingamaiias
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il 200 400 600 WAy 800 evriwATEATAVINAY
Souay 105.7 66.1 39.5 uay 29.6 vasilowadiuasinad
MUAMIIATU Yz iiidsinuesdlenedie fnadiien
7l 200 400 600 waw 800 BsriwaTuaTiAwVITUIoAY
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o MAUGaiivty vsiinssndaidouinnatsuas
Insamaiivsinaanas

1) lewodlesinadiiieni 200 esmiwaiduatdnums
msnmeamlivAsuulaiiofinnsanuisuiisuy
fhegamuay Wegamglimsnidy 400 esmiwadya
FlowedwesinadiBuusngnsunazsesuaniIvLn
Gnuenanil Wewniigungd 600 ssmwalduanyi
sopunninvesTlonedueimaniiviianiinlu uasidle
gaungiinisendu 800 esrnwalduailonefiuosinad
domefisnuiilvafiunaslasiasrilenediuosinagn
hany

5. inAnssuUszNA

nuATeEldusatuayunuminedemelulad
sssnany Tusendayayuil ¢ 34/2560 VeuBUANIANLY
Frnssumansuazaodnenssuemans enwnguning
amimnssulesfieyiaszsitaguaziadesilolunis
AuNTIvY

6. 1ONENTD19B4

1. Shoaib, M.M., Ahmed, S.A. and Balaha, M.M.,
2001, "Effect of Fire and Cooling Mode on the
Properties of Slag Mortars," Cement and Concrete
Research, 31, pp. 1533-1538.

2. Seleem, H.E.D.H., Rashad, A.M. and Elsokary,
T., 2011, "Effect of Elevated Temperature on Physico-
mechanical Properties of Blended Cement Concrete,"
Construction and Building Materials, 25, pp. 1009-1017.

3. L,P.C,, 1992, "Fire Damaged Concrete-up Close,"

MFANTIVBUATNAIL 135, TN 42 aUUTl 1 un91AY - JuiAu 2562

Concrete Repair Digest.

4. AH, G., 1983, Experiences from Evaluating Fire-
damaged Concrete Structures Fire Safety of Concrete
Structures, American Concrete Institute.

5. Cheng, T.W. and Chiu, J.P., 2003, "Fire-Resistant
Geopolymer Produced by Granulated Blast Furnace
Slag," Minerals Engineering, 16, pp. 205-210.

6. Zhang,H.Y.,Kodur, V., Qj,S.L.,, Cao, L. and Wu, B.,
2014, "Development of Metakaolin-Fly Ash Based
Geopolymers for Fire Resistance Applications,"
Construction and Building Materials, 55, pp. 38-45.

7. Duan, P, Yan, C., Zhou, W. and Luo, W., 2016,
"Thermal Behavior of Portland Cement and Fly Ash-
Metakaolin-Based Geopolymer Cement Pastes,"
Arabian Journal for Science and Engineering, 40,
pp. 2261-2269.

8. Palomo, A., Krivenko, P., Garcia-Lodeiro, I.,
Kavalerova, E. and Maltseva, O., A. and Fernandez-
Jiménez, A., 2014, "A Review on Alkaline Activation:
New Analytical Perspectives," Materiales de Construc-
cion, 64, pp. 150-160.

9. Davidovits, J., 1999, "Chemistry of Geopolymeric
Systems. Terminology," Proceedings of Geopolymer
99 Conference, Saint-Quentin, pp. 9-40.

10. Xie, T. and Ozbakkaloglu, T., 2015, "Behavior
of Low-calcium Fly and Bottom Ash-based Geopolymer
Concrete Cured at Ambient Temperature," Ceramics
International, 41, pp. 5945-5958.

11. Ranjbar, N., Mehrali, M., Behnia, A., Alengaram,
U.J. and Jumaat, M.Z., 2014, "Compressive Strength
and Microstructural Analysis of Fly Ash/Palm Qil Fuel
Ash Based Geopolymer Mortar," Materials and Design,
59, pp. 532-539.

12. Sturm, P., Gluth, G.J.G., Brouwers, H.J.H. and
Kihne, H.C., 2016, "Synthesizing One-part Geopolymers
from Rice Husk Ash," Construction and Building
Materials, 124, pp. 961-966.



MFANTIFBWATNAILT 195, TN 42 aUUd 1 uns1AY - Juray 2562

13. Mo, B.-H., Zhu, H., Cui, X.-M., He, Y. and Gong,
S.-Y., 2014, "Effect of Curing Temperature on Geopoly-
merization of Metakaolin-based Geopolymers,"
Applied Clay Science, 99, pp. 144-148.

14. Bakharev, T., 2006, "Thermal Behaviour of
Geopolymers Prepared Using Class F Fly Ash and
Elevated Temperature Curing," Cement and Concrete
Research, 36, pp. 1134-1147.

15.J.,D., 1999, "Chemistry of Geopolymeric Systems,
Terminology," Proceedings of Second International
Conference on Geopolymers, Saint-Quentin, pp. 9-40.

16. Z. Li, Z.D. and Zhang, Y., 2004, "Development
of Sustainable Cementitious Materials," Proceedings
of International Workshop on Sustainable Development
and Concrete Technology, Beijing, China, pp. 55-76.

17. Kong, D.L.Y. and Sanjayan, J.G., 2010, " Effect
of Elevated Temperatures on Geopolymer Paste,
Mortar and Concrete," Cement and Concrete Research,
40, pp. 334-339.

18. Kong, D.L.Y., Sanjayan, J.G. and Sagoe-Crentsil,
K., 2007, "Comparative Performance of Geopolymers
Made With Metakaolin and Fly Ash After Exposure to
Elevated Temperatures," Cement and Concrete
Research, 37, pp. 1583-1589.

19. Hussin, M.\W., Bhutta, M.A.R., Azreen, M., Rama-
dhansyah, P.J. and Mirza, J., 2015, "Performance of
Blended Ash Geopolymer Concrete at Elevated
Temperatures," Materials and Structures, 48, pp.
709-720.

20. Lahoti, M., Wong, KK, Yang, E.-H. and Tan,
K.H., 2018, "Effects of Si/Al Molar Ratio on Strength
Endurance and Volume Stability of Metakaolin
Geopolymers Subject to ElevatedTemperature,”
Ceramics International, 44, pp. 5726-5734.

21. Zhang, H.Y., Kodur, V., Wu, B., Cao, L. and
Wang, F., 2016, "Thermal Behavior and Mechanical

Properties of Geopolymer Mortar After Exposure to

121

Elevated Temperatures," Construction and Building
Materials, 109, pp. 17-24.

22. Chindaprasirt, P. and Rattanasak, U., 2018,
"Fire-resistant Geopolymer Bricks Synthesized from
High-calcium Fly Ash with Outdoor Heat Exposure,”
Clean Technologies and Environmental Policy, 20, pp.
1097-1103.

23. Chindaprasirt, P., Chareerat, T. and Sirivivatnanon,
V., 2007, "Workability and Strength of Coarse High
Calcium Fly Ash Geopolymer," Cement and Concrete
Composites, 29, pp. 224-229.

24. Phoo-ngernkham, T., Hanjitsuwan, S. and
Chindaprasirt, P., 2016, "Influence of Sand to Binder
Ratio on Properties of Geopolymer Mortar Containing
Portland Cement," KMUTT Research and Development
Journal, 39, pp. 127-137. (In thai)

25. Homsriprasert, W. and Chatveera, B., 2015,
"Compressive Strength of Fly Ash-based Geopolymer
Mortar Cured with Electric Oven," KMUTT Research
and Development Journal, 38 (1), pp. 3-18. (In Thai)

26. Phoo-ngernkham,T., Chindaprasirt, P., Sata, V.,
Pangdaeng, S. and Sinsiri, T., 2013, "Properties of High
Calcium Fly ash Geopolymer Pastes with Portland
Cement as an Additive," International Journal of
Minerals, Metallurgy, and Materials, 20, pp. 214-20.

27. Guo, X., Shi, H. and Dick, W.A., 2010, "Com-
pressive Strength and Microstructural Characteristics
of Class C Fly Ash Geopolymer," Cement and Concrete
Composites, 32, pp. 142-147.

28. Hanjitsuwan, S., Phoo-ngernkham, T. and
Chindaprasirt, P., 2013, "Influence of Fineness of High
Calcium Fly Ash on Properties of Geopolymer Paste,"
KMUTT Research and Development Journal, 36 (4), pp.
399-408. (In Thai)

29. Lee, N.K. and Lee, H.K,, 2015, "Reactivity and
Reaction Products of Alkali-activated, Fly Ash/Slag
Paste," Construction and Building Materials, 81, pp.



122

303-312.

30. Wei, J. and Meyer, C., 2014, "Sisal Fiber-rein-
forced Cement Composite With Portland Cement
Substitution by a Combination of Metakaolin and
Nanoclay," Journal of Materials Science, 49, pp.
7604-7619.

31. Raut, ANN. and Gomez, C.P., 2016, "Thermal
and Mechanical Performance of Oil Palm Fiber Rein-
forced Mortar Utilizing Palm Oil Fly Ash as a Comple-
mentary Binder," Construction and Building Materials,
126, pp. 476-483.

32. Sa Ribeiro, R.A., Sa Ribeiro, M.G., Sankar, K. and
Kriven, W.M., 2016, "Geopolymer-bamboo Composite-
A Novel Sustainable Construction Material," Construction
and Building Materials, 123, pp. 501-507.

33. ASTM C109., 2002, "Standard Test Method of
Compressive Strength of Hydrualic Cement Mortars
(Using 2-in. or [50 mm] Cube Speciments)," Annual
Book of ASTM Standards, Vol.04.01.

34. ASTM C348.,2002, "Standard Test Method for
Flexural Strength of Hydraulic-Cement Mortars,"
Annual Book of ASTM Standards, Vol. 04.01.

35. Abdulkareem, O.A., Mustafa Al Bakri, AM.,
Kamarudin, H., Khairul Nizar, I. and Saif, A.e.A., 2014,
"Effects of Elevated Temperatures on the Thermal
Behavior and Mechanical Performance of Fly Ash
Geopolymer Paste, Mortar and Lightweight Concrete,"
Construction and Building Materials, 50, pp. 377-387.

MFANTIVBUATNAIL 135, TN 42 aUUTl 1 un91AY - JuiAu 2562

36. Chindaprasirt, P. and Rattanasak, U., 2017, "Synthesis
of Polypropylene Fiber/High-Calcium Fly Ash Geo-
polymer with Outdoor Heat Exposure,” Clean Techno-
logies and Environmental Policy, 19, pp. 1985-1992.

37. Sarker, P.K,, Kelly, S. and Yao, Z., 2014, "Effect
of Fire Exposure on Cracking, Spalling and Residual
Strength of Fly Ash Geopolymer Concrete," Materials
and Design, 63, pp. 584-592.

38. Hanjitsuwan, S. and Phoo-ngernkham, T., 2017,
"Utilization of Calcium Carbide Residue in Bottom Ash
Geopolymer : Study on Mechanical, Mineral Compo-
sition and Molecular Structure Properties," KMUTT
Research and Development Journal, 40 (3), pp. 461-471.
(In Thai)

39. Kroehong, W., Sinsiri, T., Jaturapitakkul, C. and
Chindaprasirt, P., 2011,"Effect of Palm Oil Fuel Ash
Fineness on the Microstructure of Blended Cement
Paste," Construction and Building Materials, 25, pp.
4095-4104.

40. Chindaprasirt, P. and Rattanasak, U., 2017,
"Characterization of the High-Calcium Fly Ash Geo-
polymer Mortar with Hot-Weather Curing Systems for
Sustainable Application," Advanced Powder Technology,
28, pp. 2317-2324.

41. Behera, P., Baheti, V., Militky, J. and Louda, P.,
2018,"Elevated Temperature Properties of Basalt
Microfibril Filled Geopolymer Composites," Construction
and Building Materials, 163, pp. 850-860.



