Ufums guun : Mdsdauazanununuvesdudiaesd lo Inawes (STRENGTH
AND DURABILITY OF CLAY-FLY ASH GEOPOLYMER) 819158#1/5n11 :

J o & a
AITANTITY AT.FUAUA HOWYAFY, 168 ‘Vifh

E4
[ =N |

a a a’dy Y 1 @ = < 9 a
MUNUTUYTZNOVUAITINTIUANALH ﬁ')ullﬁﬂﬁﬂEWﬂQWNLﬂullﬂulﬂéU'ﬂ\?ﬂ'ﬁWﬁﬁ

3 a 3

a % a I I [V
o Tnawes Fal¥aumilen Gsilty clay) Huingauvan uazid1aes (fly ash, FA) iiluiaqilow

aQ

Y L4 I v
Ta1u vounadvan lail (liquid alkaline activator, L) i udauilsznovaesaisazais Tadoy
Aaa . ~ 4 a ) = a Y
FAINTA (Na,Si0,) uazasazate ladon laason lad (NaOH) Auidiased To Tndwesdoanis
[ [ . Aa d‘o’ J 9 =\ a d o [ @ [l
903189 Na,SiOyNaOH Tuilsuiandindndiasedlo Inames dimsudasidiu
. A £ A dg} [ 1 1 Yo o o a 9 =

Na,Si0,/NaOH A4NAIMIE Miuanyeddns1aiu LFA danalniassaluaudiaesile

a o z:' dgl 1 d‘i 1Y 1 a Y 1 o aan = a
Tnawes MY ualloons e LFA guiuanudosmsasnisinlgnsendloIndwe s

M [ 1 a A Y a 4 1 a aaa
w3y veunadan lavddriunuiinalia Te ITndmwesnannazneuneumsinailfnseinis
AUy gurgiuazszeznallianuseunuiunuanudesnmsii lfinasesuanszay
luTaswasmeludiedia

awv 1 d‘ ) (% dlda a 1 [ 0o w w a 9 =
e ludiunaos duausilatenionsnanemsnauiniiaioa luaumiassd lo

Y
Twames 1aun sasrau FA/clay, 031894 Na,Si0,/NaOH, 8a51au L/FA, 15inaanudu

Tudi0619, YUIAYDIAI0619, guugianuiou tazszeznallumsty oaTIdIUHEUN

(% 1

a a 4 [ - o [
muzanluduidiaeod lo Tndmes AvoAT 189U Na,SiO/NaOH 191111 0.7 d1m5unn
[ Y
995189U FA/Clay 11a¢ L/FA 831874 L/FA Mangau tazdSunsnnudumunedy (OMC)
1 sHARUAUSATIEIY FA/Clay ViRvesdlete ilinansenuaesasdunauiimans ay

ualinaaegurginuiounazszeznarlunmsty dredvmalugdosmsguugingim

9 =

oA 1 Aaaa =) a o o [ 9 1
i@uVlE:fl\il!a$'§$8$L’Jﬁ1UNVIU']UGlHﬂWiLiQ‘]J;]ﬂﬁﬂWﬁ]T@TWﬁ!N@iulilcﬁ‘lfu NWANWNTUAITUIDUAD

k4
o %

E4 ] Y
HIUN (E/W) Qﬂﬁ'llﬂ'u’ﬂ*ﬁulﬁ@i?N@ﬂﬁWﬁﬂl@ﬁQﬂlﬁQNﬂ?WN%}@u PR AT EAVR AV R T

[

Y 1 Y 1 { v 1 o v o d 1 o [
A108719 AIDI1NNNOATIEIU FA/clay q\i{gfﬂﬂﬂﬁ E/W 1 ANUTUNUTITHINNII0ALAL

= Eal o [ Y A n Yo 1 PR o w
E/W mJ5zTwummﬂqmmwﬂﬁu1umimwuﬂwaqqmmmiamwaiw"lﬂmammmm N
Y
dauazihmiinauaudoans
aw [} Y = 9 9 =\ o 9 9
NuITeludrugane anyianumumudidsazats lyRousamannuudu
A A [ 9 9 a 9 ~ a 4 a
5% HATAITALAOUUNILFUFAUNAANUVUTY 5% VYIAUID1a087 1o INALNDT azAY

YuFud sadrunauvesauiiaoed lo Indwes no 6A31871 Na,SiO,/NaOH # 0.7, L/FA

&

< = a £ v 1A a £ 4
N 0.6, FA/Clay 1 0.3 nazdTuuANNTUV0IAI108 19N YT UANUFUNIH LI AN (OMC)



@ 1 a 4 a 4 o ] { [ 1
@@im’mwﬁum’ﬂmu@muﬁﬁa ﬂiiJWﬂ!ﬂ'JUJ%uGU@\WI'J@EH\‘]ﬁ 1.20MC 1iagon 319U
A Y I 1A 9 ~ a I Y
cement/Clay 1 0.3 Wa“V]ﬂﬁ’é]°]JLlﬁﬂ\icl‘ﬁLﬁu'J'lﬂulﬂ']a'E'JEJ%IEII“WaLllf)'illﬂ'ﬂlJﬂWuﬂWuﬁWﬁﬁgﬁ']ﬂ
o 1Ta A J = Y Y Y < " v ' &
Gﬁﬁ!ﬂﬂq@ﬂﬂ']ﬂu%mu@l WaﬂWiﬁﬂ‘H1ﬂ1u1ﬂi\iﬁﬁ'N“an'iﬂaﬂ']ﬂllﬁﬂﬂiﬁlﬁu’ﬂﬁ’]ﬁ]Eﬂ\ﬂ/l\iﬁﬂ\?
a Aa a @ a S &R <3 Yo o o 1 a A 4 ==} [
Gﬁuﬂlﬂﬂﬁlﬂcﬁulla$L@ﬁﬂﬁ\‘lUlﬂﬂ Gmmu"lmmumammummuﬂ msazanguunisendama
o 9 a 9 ~ a 4 a A 4 1 =) [ a
mmﬂiﬂimﬂwmﬂmma’aﬂﬂaiwamaﬁuazﬂumuumqmmmsazmﬂmmummﬂw AU

9 ~ a I Y o Ta A 4
mmasﬁlTaTwammummmumumiazawclsaw\lﬁqqmmucmuu@

A A o =

A112%1 AN TN 185 AU HUNANY

D-

= I

= =1 =
1nSANHY 2556 A8UYD19156NUTAM




PATIMAPON SUKMAK : STRENGTH AND DURABILITY OF
CLAY-FLY ASH GEOPOLYMER. THESISADVISOR : PROF. SUKSUN

HORPIBULSUK, Ph.D., 168 PP.

STRENGTH/MICROSTRUCTURE/ HEAT ENERGY PER WEIGHT/SULPHATE

This thesis consists of three main parts. First part presents the possibility of
using a silty clay as fine aggregates to develop geopolymer and fly ash, FA as a
pozzolanic material. A liquid akaline activator, L is a mixture of sodium silicate
solution (Na;SiO3) and sodium hydroxide solution (NaOH). The Na,SiOs/NaOH ratio
required for the clay—FA geopolymer is less than that of the FA geopolymer. For a
given NaSiOz/NaOH content, the strength increases with increasing the liquid
alkaline activator. The excess input alkaline activator causes the precipitation at very
early stage before the condensation process in geopolymerization. The very high
temperature and excess heat duration cause the micro-cracks on the specimens.

Second part presents the strength development with different influentia
factors for the manufacturing of clay-FA geopolymer. The studied factors are
ingredients (FA/clay ratio, NaxSiO3s/NaOH ratio, L/FA ratio and molding moisture
content), specimen sizes, heat temperature and duration. The optimum
NaSiO3z/NaOH ratio is 0.7 for al FA/clay ratios, L/FA ratios and specimen sizes
tested. The optimum L/FA ratio and molding moisture content decrease as the
FA/clay ratio increases. The optimum ingredient is irrespective of specimen size. The
larger specimens require higher heat temperature and longer duration for the
geopolymerization development. The heat energy per weight (E/W) concept integrates

the role of heat temperature, duration and specimen weight on the geopolymerization.
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The specimens with high FA/clay ratio require low heat energy per weight (E/W). The
relationship between strength and E/W is very useful for production industry to
estimate the heat temperature and duration to attain the target strength for the required
weight in making clay—FA geopolymer brick.

Last part examines the resistance ability of two different cementitious systems
prepared using silty clay as a mgor component against 5% sodium sulfate and 5%
magnesium sulfate solutions. The two cementitious systems are clay-Portland cement
and clay-FA geopolymer. The clay—FA geopolymer is a mixture of FA/clay ratio at
0.3 by soil mass, N&SIOs/NaOH ratio at 0.7, L/FA ratio at 0.6 and at optimum
moisture content (OMC). For the clay-cement, a cement/clay ratio of 0.3 by soil mass
and the molding moisture content providing the highest strength at 1.20MC are used.
The physical performance of clay-FA geopolymer when exposed to sulphate solution
is better than that of clay-cement. Gypsum and ettringite phases are present in both
specimens, especiadly in the clay-cement. The exposure to magnesium sulphate
solution causes more degradation in both clay-FA geopolymer and clay-cement
system than the exposure to sodium sulphate. Overall, clay-FA geopolymers show

better resistance to sulphate attack than clay-cement mixtures.
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