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Abstract

This research investigated the effects of alkali concentration and curing temperature on the
properties of synthetic geopolymer made from ceramic waste biscuit. Sodium hydroxide (NaOH) and
Potassium hydroxide (KOH) were used as alkali activator at the Na,O/SiO, and K,0/SiO, ratios of 0.15
0.20, 0.25 and 0.30 by mole; curing was made at the room temperature (around 30°C) for 3, 7, 14, and
28 days and at higher curing temperatures of 50 and 70°C for 1, 2, and 3 days. The experimental results
showed that the maximum compressive strength was achieved when Na,O/SiO, and K,0/Si0O, at the ratios
of 0.20 and 0.3, respectively, were used. The optimum curing condition for the geopolymer made from
biscuit was 70°C for 2 days, which gave similar results as curing at room temperature for 14 days. The
compressive strength of geopolymer activated by sodium hydroxide was higher than that activated
by potassium hydroxide. In addition, from the XRD results, the crystal of sodium aluminum silicate
(Na, ¢,AlL,Si, O, ) Was found in geopolymer activated by sodium hydroxide, and those of potassium
aluminum hydride (KAIH,) and Muscovite (KALSiO,AlO,,(OH),) were found in geopolymer activated
by sodium hydroxide.
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70 avAnpaBa uan 2 T Beusasdegun
6 wanmsdnsmud feuilowsdwmesifinnansziu

Ufjnaene
Wiy 020 Minfigaungfivies wazdnfgm)iinig

lafonlansanlodfisnsngin Na,0/Sio,

Yy 70 avmpades Wuian 2 Ju 48 alu)
WU Quartz (SiO,) tar Aluminum Silicate Oxide
(ALSIO,) Fafusasediuzanisiinilonadwes uas
9wy Sodium Aluminum Silicate FaifuasUsznay

aaa
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70°C 2 days

—Room temp 14 days

Q Q

suit 6 Tassa$wanuduniinzesilonedmeinduansiandainfinssfuufisedmelsdoalansenlsd Adnsadn

Na,0/SiO, Wiy 0.2 Q = Quartz (Si0,). A = Aluminum Silicate Oxide (Al,SiOs), SA = Sodium Aluminum

Silicate (Na g4Al,Si5550g5)
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wuwﬁnmaamsﬂs:nauﬁLﬁﬂ%uﬁﬁwﬁnmiv‘hﬂﬁﬁ%m
fn Potassium Aluminum Hydride, Muscovite o

WHusrsdsznevilensdmesiiinannianssdu

aaa [

UjisndelwunaiBonlansonlod uazilioRansun

o '

NANIINATDUNIRITANLIT ANIRISULSITADDY

aaa @

fioudlowafwasndinianseduufisedalofon-

I o '

lansenlaadamasiuussdageninisnasfulfisen

543

grelnunadunlansonled Feaonndaiuauide
2949 Duxson WATANME [7] WUI1 Sodium Aluminum
Silicate F9ifulaseasreilowadinasanloifion-
laasanladazfinnudussidouninnindlenefwes
nlwunaiBun (Potassium Aluminum Hydride
WAy Muscovite) asanlafies (Na') F5adlasau
wnninlnunadenlossy (K vhlanuewuse
32939 Na-O zadlawmsalsfentiounitanuend
Pp9RUse K-O 2adlainsalnunaifon dovinlw
IniienfinnnudeusszasiuscgenilnunaiBon [16]
wananmulwunadenillawstumiiesidnniilsdioy
ﬁﬂﬁﬂ%mmﬁ’wﬁm:‘luﬁauﬂawaﬁma%ﬁﬁmsni:éju

aaa @

Uinsendielwunafonlansonlodiviuugeni

manszfudeluienlansenlasd [5, 25-27]

4 70°C 2 days
— Room temp 14 days
S Q
P M PA PA py M@ @ o g pvpy @ o @
P
Q
PA ML PA AAMQ Q g 2 Q A9 g
10 20 30 40 50 60 70
2 Theta

sui 7 Taseadwanudunanzesilonefmeiiduansdndainfinssdulisedmslnunadonlansonlad 7

ns1aU K,0/Si0, Wil 0.3 Q = Quartz (Si0,), A = Aluminum Silicate Oxide (Al,SiOs), PA = Potassium
Aluminum Hydride (KAIH,), M = Muscovite (KALSIO;AIO;,(OH),)



544 MNINTITBURLWAUY 95, TN 39 aifufl 4 ganan - SunaAu 2559

4. a5UWaN5INE

NAN1SANEINTSEILASILYa lanadinasand
gAowudn Aoudlowsdwesildlafonlansanlsd
fifns1diu Na,0/Si0, Wiy 020 Tasluadien
Mavsuusdamesgega drufiouilonsfiesily
TnunsFonlansenlodasdamasiuusedaingu
Wiadnsdiu K,0/Sio, Windu wazidievnfou
FloweRwasuvimsusd 50 uas 70 avAsaEN
Wuan 1 2 war 3 Ju wud annsfimanzanty
nsunfouilanedwmasandafin fe nisuudl 70
pernaes Wunan 2 u laslunsiwaedd
TasvaFvanudundndnisny  Sodium  Aluminum
Silicate (Na; ,AlLSi, 50065 (UABUTlOWDALNOST
fimanszfuufiserdelmfenlansenlod uasny
Potassium Aluminum Hydride (KAIH,) iU Muscovite
(KALLSIO,AIO,(OH),) Tufpuilowsfwesifing
nszfuufsendnlnunaidonlansenlod iy
gmmwﬁwaq%“[awaama% wanantuLiieriins
wisueuieuilewedwmesiifinsnssduufisendoy
Todenlansenlos wazlwunadonlansanlsd wudn
nsnszfudiserdelmfenlansonlafesdona
Timavsuusedadiargeniinisnszfuujisensae
Tnunaidonlansanless lasfaudlawsdiwesain
fafnfivad 70 ssrades Wuian 2 Ju §m9n
Tinaunufioudlowed-wesiunfigumgiivieaiiunan
14 Fuld

5. 1@NN1391989

1. Phoo-ngernkham, T. and Sinsiri, T., 2011,
“A Study on Properties of Geopolymer Mortar
Made from Fly Ash Incorporated Natural Zeolite,”
KMUTT Research and Development Journal, 34
(1), pp. 31-144. (In Thai)

2. Rittirut, C., PoSri, P., Apinet, S. and
Jindaprasert, P., 2016, “Loess Stabilization with Fly
Ash-Based Geopolymer for Resistant to Soaked,”
Proceeding of the 21st National Convention on

Civil Engineering, Songkhla, Thailand, pp. 639-644.

(In Thai)

3. Phoo-ngernkham, T., Harnjitsuwan, S.,
Theamlom, K. and Jindaprasert, P., 2016, “Innovation
of Repair Material from Fly Ash-Portland Cement
Geopolymer Containing Nano-SiO, and Nano-Al,Oq4
as an additive,” Proceeding of the 21st National
Convention on Civil Engineering, Songkhla, Thailand,
pp. 602-605. (In Thai)

4. Chindaprasirt, P., Chareerat, T., Hatanaka,
S. and Cao, T., 2011, “High-Strength Geopolymer
Using Fine High-Calcium Fly Ash,” Journal of
Materials in Civil Engineering, 23 (3), pp. 264-270.

5. Onsaeng, C., 2013, “Effect of SiO,/Al,O; and
Alkali Types on Strength Development of Geopolymer
from Water Treatment Sludge,” Proceeding of the
17th National Convention on Civil Engineering
(Civil Engineering for Integrated Developments),
Udonthani, Thailand, pp. ENV12-1- ENV12-4. (In
Thai)

6. Jantawong, K. 2014, “Effect of Curing
Temperature and Alkali Concentration on Properties
of Geopolymer Synthesized from Water Treatment
Residue,” Proceeding of the 1°* National Conference
on Phetchabun Rajabhat University, Phetchabun,
Thailand, pp. 1-8. (In Thai)

7. Duxson, P., Mallicoat, SW. Lukey, G.C,
Kriven, W.M. and Deventer, J.S.J., 2007, “The Effect
of Alkali and Si/Al Ratio on the Development
of Mechanical Propoties of Metakaolin-based
Geopolymer,” Journal of Colloids and Surfaces,
292, pp. 8-20.

8. Komnitsas, K., Zaharaki, D. and Perdikatsis,
V., 2009, “Effect of Synthesis Parameter on the
Compressive Strength of Low-calcium Ferronickel
Slag Inorganic Polymers,” Journal of Hazardous
Materials, 161, pp. 760-768.

9. Naprarath, W., Suwimol, A. and Kwannate,

S., 2014, “Strength and Microstrucre of Water



NI TITBURLWAUY 95, TN 39 aifufl 4 ganan - SuAy 2559 545

Treatment Residue - based Geopolymer Containing
Heavy Metals,” Construction and Building Materials,
50, pp. 486-491.

10. American Society for Testing and Materials,
2006, “ASTM C 305-06 :

Mechanical Mixing of Hydraulic Cement Pastes

Standard Practice for

and Mortars of Plastic Consistency,” Annual Book
of ASTM Standard.

11. American Society for Testing and Ma-
terials, 2007, “ASTM D1633-00: Standard Test
Methods for Compressive Strength of Molded
Soil-Cement Cylinders (Withdrawn 2016),” Annual
Book of ASTM Standard.

12. Homsriprasert, W. and Chatveera, B,
2016, “Mechanical Properties of Fly Ash-based
Geopolymer Mortar with Electric Oven Curing
under Sodium Sulfate and Magnesium Sulfate
Attacks,” KMUTT Research and Development
Journal, 39 (2), pp. 271-286. (In Thai)

13. Homsripresert, W. and Chartveera, 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)

14. Chalee, W., and Charoenprom, K. 2012,
“Evaluation of Sulfate Resistance of Fly Ash-Based
Geopolymer Concrete,” KMUTT Research and
Development Journal, 35 (2), pp. 157-171. (In Thai)

15. Phoo-ngernkham, T. and Sinsiri, T., 2011,
“A Study on Properties of Geopolymer Mortar
Made from Fly Ash Incorporated Natural Zeolite,”
KMUTT Research and Development Journal, 34
(1), pp. 31-44. (In Thai)

16. Hanjitsuwan, S., 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)

17. Pimraksa, K., Chindaprasit, P., Rungchet, A,

Sagoe-Crentsit, K. and Sato, T., 2011, “Lightweight
Geopolymer made of Highly Porous Siliceous
Materials with Various Na,O/Al,O, and SiO,/
ALO; Ratios,” Journal of Materials Science and
Engineering : A, 528, pp. 6616-6623.

18. Messler, G.L. and Tarr, D.A., 2004, Inorganic
Chemistry, 3° ed., Pearson Prentice Hall, New
Jersey.

19. Chindaprasirt, T. and
Sirivivananon, V., 2007, “Workability and Strength

P., Chareerat,

of Coarse High Calcium Fly Ash Geopolymer,”
Cement and Concrete Composites, 29, pp. 224-229.

20. Phoo-ngernkham, T., Hanjitsuwan, S.,
Chindaprasirt, P., 2016, “Influence of Sand to
Binder Ratio on Properties of Geopolymer Mortar
Containing Portland Cement,” KMUTT Research
and Development Journal, 39 (2), pp. 127-137.
(In Thai)

21. Phoo-ngernkham, T. and Sinsiri, T., 2011,
“A Study on Properties of Geopolymer Mortar
Made from Fly Ash Incorporated Natural Zeolite,”
KMUTT Research and Development Journal, 34
(1), pp. 31-44. (In Thai)

22. Rattanasak, U., Chalee, W. and Chindaprasirt,
P., 2006, “Study of Leaching of Lignite Fly Ash and
Strength of Fly Ash Based-geopolymer,” KMUTT
Research and Development Journal, 29 (4), pp.
437-446. (In Thai)

23. Pankhet, K. and Rattanasak, U., 2010,
“Effect of Admixture on the Properties of Fly Ash
Geopolymer,” KMUTT Research and Development
Journal, 33 (2), pp. 121-132. (In Thai)

24. Kong, DLY., Sanjayan, J.G. and Sagoe-
Crentsil, K. and Sanjayan, J.G. 2008, “Factor
Affecting the Performance of Metakaolin Geo-
polymers Exposed to Elevated Temperatures,”
Journal of the Materials Science, 43, pp. 824-831.

25. Bakharev, T., 2006, "Thermal Behaviour



546

of Geopolymers Prepared Using Class F Fly Ash
and Elevated Temperature Curing,” Cement and
Concrete Research, 36 (6), pp. 1134-1147.

26. Palomo, A., Fernandez-Jiménez, A., Koval-chuk,
G., Ordonez, L.M. and Naranjo, M.C., 2007, “OPC-Fly
Ash Cementitious Systems : Study of Gel Binders

Produced during Alkaline Hydration,” Journal of

MsansiTuuaziaun was. U9 39 afuil 4 ganAw - Fulnaw 2559

Materials Science, 42 (9), pp. 2958-2966.

27. Makul, N. and Chatveera, B., 2013, “Properties
of Fly Ash-based Geopolymer Mortar : Influence of
Fly Ash Sources and Sodium Silicate (Na,SiO;) /
(NaOH) KMUTT
Research and Development Journal, 36 (1), pp.
99-125. (In Thai).

Sodium Hydroxide Ratios,”



