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Abstract: Geopolymer is a new material whose properties are similar to cement. Therefore, it is often
used in the construction industry due to its high compressive strength. Geopolymers are made from
aluminosilicate materials called pozzolanic materials such as metakaolin, fly ash, bagasse ash and rice
husk ash mixed with a high alkali solution to occur geopolymerization, however, the agricultural ashes
have limited reactivity. Since the pozzolanic materials had low reactivity for geopolymerization, the early
compressive strength of geopolymer was low as well. Therefore, this research aimed to prepare the
high-reactive bagasse ash by soaking the ash in sodium hydroxide solution to transform into silica-rich
sodium hydroxide (SR-NaOH). In this study, the ratio of metakaolin and bagasse ash was 80:20 and the
ratio of solid to alkali liquid was 1:1. The quantity of bagasse ash for SR-NaOH was varied as 0, 20 and
50%, mixed with 10M NaOH. The chemical properties were characterized including the functional group
analysis by FTIR, the chemical compositions by XRD and the alkalinity test. From the results, it was
found that the usage of SR-NaOH with 50 percent of bagasse ash presented the highest compressive
strength which was 2 times at 7 day age and 3.5 times at 28 day age higher than that of commercial

NaOH.

Keywords: Metakaolin-based geopolymer; High-reactive bagasse ash; Compressive strength;

Sodium silicate solution; Silica-rich sodium hydroxide,

The Journal of Industrial Technology (2020) volume.16, issue 3. http://j.cit kmutnb.ac.th
67



1sa1sivImamaluladana1unssu (The Journal of Industrial Technology)

-

UNANNINY

1. NI

1 2 a 6 6 6 A
lugasmnisuniesing Yudiuuddaiauaudia
Wuiaguannldnudesisfivalsiuuninas
Lﬁaamnﬁmmuﬁumga NUNIU ﬁmﬂqmﬂ"ﬁmu

A A A a
g9 [1] thesnngmngiinlslunszuiuninda
Yudnduudoutigaunlasldgunnigafa
[2] gaNalidnng
[3-4]

ludsunungenaliifiaiunizlaniau (Global

1,400-1,600 8IANLTALTER

daatdasioarsuanlasanlsd (CO,)

Warming) [5] §9%uilAaaANaNTENUAINGT2
[6, 7] Robert Mccaffrey lasiniaua 3 uwinialu
n1taani1sdaadasy CO, mﬂIi\ngu%muﬁ
laud (1) aﬂﬂ%mmi’aqﬁﬁaamum:mumﬂm
TuudBionud  (2) aansldFuuud uaz (3) AAFY
Uanaigandiuud @ﬁifmﬁiaa@mﬂ’ﬁgw'ﬁmuﬁ
Dr. Joseph Davidovits [8, 9] ldiauaiagile-
Induas (Geopolymer) Lflm”a@;mmﬁamﬁaw
nauNwUTNUA [10]

lalndwas [11] ﬁafa@;ﬁﬁﬁ’mﬂ‘s:ﬂawau
azgiludainanilaseaine 3 dAnuvedmgu
(Amorphous) Usznaudrsizquasloaiu [12]
(Pozzolanic materials) A8 udsznaunanuaditanm
(Si0,) Muazaiiu (ALO,) tuasdUsznaunAN
[13] uiu iwaialafiu (Metakaolin) uaz T8qU0d
mﬁaﬁamniaamuqm’mmwLLazmimwm L%
1oaag (Fly ash) LT 14aay (Bagasse ash) Way
L1OWNAY (Rice husk ash) ﬁgnﬁﬂﬁumﬂ@ﬁﬁm
msa:mslé’amvl,w%amm:mﬂ“?']ll,ﬂu@ha;jd [14]
U anvazans s ugaing (Na,Sio,) a13azane

lmaoulaasenlss (NaOH) wialwunadou-

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2020.12.006

Fana (K,Si0,) lwunsdoulaasanlad (KOH)
Az lalwawe lsiwdu (Geopolymerization)
Slalndwafiiaandfisenilelniwa lseomn
lagsurautslfasendlelnfwalsiosule 2
& =
U [15-17] fa (1) n13veazany (Dissolution) <3
A X 4 AT na .
\iadwiilaansdiznavezgiiluddinanauiy
saazasdanuidudrigs ldiduezadine uaz
FananTanigFntinfifalreasainauuuiuan
Qs a A V a a U ]
Auaandian (0) TINTTANBAILAzIALTHIG Inailn
ANBMUZVBIAN WAz (2) MIUJATEIILUKL
A a
(Condensation & Chain polymerization) 53LN@N17T
3IWAINUBINARNRAT Laa1nU JATedosdn
| lﬂl = [l J
natpidussnflaanavuialvgdu uas
Yaaddaslaanavasiieanuiludisdunazle

' { A a a
n18NNILaNYT (Meta-stable) ANUTu ™

a A

adLibein (Aluminium; Al) g9 Waliadnisernin

az
U

A/ { 1 { aa e .
JuazidfaswduniiandGinan (Silicon; Si) 41N
X

o &

Pu @93UN

u

A [ ] a .
1 9'ldun wadiBaiaa (Polysialate;

a A

PS), wadlfulaa loaanla (Polysialate  Siloxo;
PSS) wazwedlfuian la'lwaanly (Polysialate
Disiloxo; PSDS) @93l 2 annuuviijAsegnld
o A @ & o A
ililuanadavsnanuuinduluansme Ind
[ a o & al (2 o aaa A2 A
Wwas Wianmain lanssandisensefiaaw
] 3 o Y a v o v
ALLulB i ldiialassanesuusele nalams
Wadisevasilalnfwe lsisn
nidasipldluianaizuandidaIndin
Si0,:AlLO; NuaANA1IAKlAs Si0,:AlLO, tuilade
fanvauednlsznaunisialinezdinade
guUavasdlalwiwes 99N uIduvad De Silva,

Sagoe-Crenstil, & Sirivivatnanon [18] An®M3LAa

The Journal of Industrial Technology (2020) volume.16, issue 3.

68

http://j.cit kmutnb.ac.th



1sa1sivImamaluladana1unssu (The Journal of Industrial Technology)

-

UNANNINY
Aluminosilicate Source
M, . .
_( a) H,0, NaOH Dissolution
OH (aq)
Aluminate & Silicate
Speciation
"_"i'-j.;.'_-":': Equilibrium
R
HO +—
Gelation
LY b L wew L) /
Lh 36 cet1 fod 96X </
HO «—
Reorganization

H,O «— Polymerization
- and Hardening
s . f 1
oo ed 143 @ 2
si® A® 0® Na® H

P o a aaa
z‘ﬂ“{l 1 Lmumaaaﬂavlﬂmim@ﬂgmmmm

alwdwalsiosu [16]

o:g/r”’m{/"b

PR Poly(sialate)

Si:Al=1 (—S?—(O— ALOS 5i0s Ny \Y/AlOs
o/o>o /0>o /9N

T Poly(sialate-siloxo N ~§i70

stal=2 (—SEiJ-(O-Al—O—Si—z)-) il N ZAVZ
AN 0N O\ 9

si‘Al=3  Poly(sialate-disiloxo)

FEHe

311 2 unuiuguasilelnfiuas [17]

(~Si-0-Al-0-Si-0-5i-0)

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2020.12.006

Ufnsenlugarsduaasilelndiwas  lawnis
WanuulassaEIwkaENsznitsuaaloauds
mInzawsanla lagmaaouudassamsinly
813189 Si0,:Al0, ﬂu%au‘ﬁ'qmﬂgﬁ 40 °c 1w
1181 72 Tala W ENAFE LT BZIIAINNIH AR
WUF1INISANEAIIEIW SiO,:ALO, Hrarinld
S UEIANADRIWIUIY SN NIRRT
fu WU SaTdIu Si0,ALO, luands
34-38 dawaﬁﬂﬂﬁﬁﬁaﬁﬁqma: NNNUITBD
Zhang, Sun, & Li [19] M 3AnwnanIznuvad
saTdInluasved Si0,:ALO, Badtalafn wuin
feamnamluaitasasninuanalodn wenanit
2AINFIUITAI Si e Al idudwanmabtaulu

13211619 9 URAIAIANIIN 1 [20]

d' o ' v v Lo
A9 1 ATIRIUAIVULTVUYUVDI Si @8 Al LLae

Myl uresdlalnfwasanwaaladn

Si: Al vl %ew
1:1 83 wniin uaziagnuln
a 6 a Qs a =3 >3 a o A
2:1 TLuud AauNTA uazIFAnNNINURNTUATIR
URTRITWI
3:1 i'a@]‘ﬂ”u"l,w NWANTIU qﬂﬂmiﬁm%‘mmma
A A
uazLn3aIlasd
> 31 i'a@]‘ﬂ”u{a
20-35:1 a”a@n”u"l,w LRZAUANNTD

@”afuimm%’nffﬁ’?@qﬂszaaﬁlﬁaLﬁuﬁwé'a%'u
wsssaluszorduvasilalndinaiaronisiia
USumdan  luasazaneladoslaasenlsd
walwAadussazanslodoylaasanlodoia
gamgadunassfiseilelnfwalsiodu 1n

miﬁnLﬁwmuéj”aﬂﬁﬁﬂ?mm%'ﬁngdLL@iﬁ

The Journal of Industrial Technology (2020) volume.16, issue 3.

69

http://j.cit kmutnb.ac.th



1sa1sivImamaluladana1unssu (The Journal of Industrial Technology)

-

UNANNINY

anwudashlumafadjisordlelwdwaelsiogn
duauloaunlaasonladainuitudw 10 Tuas
dwaan 24 Falus shldiaudes agluaning
1 1 o aaa J v o aaa v
Javhdamaid fisenunndunwiauviy §isenlv
A A ’ v Adao o o o
iadlalwfiwalsiotu AdaiTuusinadagelu
Lamimﬁmaamumminﬁ'@umLﬂui'aqﬁmﬂ%
a e = a A o

naunuuduudfidudasdefoinday

2. AEMIANRWINUIVY/MNARDI

2.1 maassadagiasloain
fa@;ﬂaﬂ%muﬁlﬂmmﬁ'mf: laun wana-
Tofuuazttnmusasludnsnain 80:20 lasdnwuna
(Kaolin) l@Tuanannusun Juiuaia Svasaos
Arssatiur $100  SIRTATEUEY TNKAT
pannd 600 C ifluszoziien 2 21w Tagld
a"'m'm'lil,ﬁuqmﬁgﬁﬁ 10 °C dawil Wi aLaen
(A1,0,:2Si0,2H,0) 1%
1A3983719 Metakaolin (Al,0,-2Si0,) [21] laguwa

1598319370 Kaolin

NIWAZLATIVIIG 325 LT T08RT 90 @IULETIH
888 (Bagasse ash; BA) 'launainlsssnuihena
[-%] > = o U v

INIATAYI Bt riwaaslduatduiian

10 T2lN9 LAITOUHIWATUNIIIWIA 325  LUT

(<45 lalasiua9)

22n15a5sna1sazanalafanlansanlas
‘liﬁﬂ%?m”lgd (Silica-rich Sodium Hydroxide;
SR-NaOH)
wwisussazanslaoldenlaasenlodaiy
wudn 10 luans (10 M NaoH) lusnadadsunas

211 1000 ¥a. anladsylaasanlsd 400 N3

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2020.12.006

Al duan 24 T2lus  AeutanlgugunuLdn

o a a A ' o o
FrudasazidvalunlSuimwnuandlrsnwlawn
0, 20 uaz 50 wt% vaviagUazloan el
Tudasgnozazapuaziadhdanivid jise

&
NVH

2.3n1essadlalnanasinas
lalwdwasinad (Geopolymer Paste) L@y
lagldiuaalafuiinsudas luaasnaiw 80:20
navantduiitotdoanwluiaiosnay 1dwy
gsazanuaanlaludasiaiudasloau:
gsazargsanlainny 11 lagisuannuas
13aza1y SR-NaOH wawlidnuiaguasloau
INUUSINEY Na,Si0, nauawdwitaidioniu Tag
fsazanssanilata3unain SR-NaOH
Na,Si0, 1wy 1:1 aniwmslalniiwesinadls
wiNuWazaIaNNTIINLIATIUIG 25 x 25 x 25
ww’ ﬁaﬁanﬂﬁwwmaﬁnﬂuﬁqm%gﬁ 80 °C 1w
1287 24 521w mnifu%umm:gﬂﬂuvlfﬁl
gmmgﬁﬁaaauﬂiumqﬂmﬁiaﬁﬂmsmaaué'@m

FIBNFUURAIAIANTIN 2

P . o a & &
1IN 2 RIUNRNY E]\‘ﬁ]IaIW@ LUBILANTA

Mixture Pozzolanic BA in SR- Alkali Solutions
Materials NaOH (wt%)
(wt%) (wt% of
MK BA  Pozzolanic) SR-NaOH Na,SiO,
BAO 80 20 0 50 50
BA20 80 20 20 50 50
BA50 80 20 50 50 50

The Journal of Industrial Technology (2020) volume.16, issue 3.

70

http://j.cit kmutnb.ac.th



1sa1sivImamaluladana1unssu (The Journal of Industrial Technology)

-

UNANNINY

a '3
2.4NM7ATZHUAZNAFD L
241 asdilsznaunsiafivasiaglanlaain
TazAUSunmeanlod (Oxide)  va9
wantalafuwuaziinTudaual181nTeI3lATER
fulsznaun1aadl (X-ray Fluorescence; XRF)
(Horiba, XGT-5200, Japan) LNa¥aneIwImng
0aNEIUTTNINNTAnaudoazaliihon (SiA) uaz
Imﬁnmﬁaa:gmﬁﬂu (Na:Al) Laz3laTerialeens
o A a & & v A &
AIBLATBINAMEANIIRLULBVDIIITANT (X-ray
diffractometer, XRD) (X'pert, Philips, Netherlands)

A A e & 'Y
LW aﬂuﬂuaﬂﬂﬂizﬂaum 231 EW‘]

242 Aengvianinvasdlalnawasinad
3Lﬂiﬂ:ﬁ%yjﬂaﬁ°ﬁ‘uﬁaﬁLﬂ%@d‘i{jﬁﬁﬂiW
Wasudunsasunlasiiianes (Fourier Transform
Infrared Spectrometer; FT-IR) lagnsuaduiuile
InAwasmelniiuaas (Agate mortar) MAazidua
wasdnsnsrangaaminaauaEeses FT-IR
Slazwlassatananlasuatuan 3la-
Indwailwaziduauasiminsanamminaveiive
1TLA309 XRD  sanssuadls  Holder ltuvin
S1a5¥ennases XRD lagldwisdiaesasit
N3zua bW 35 mA ANENIANE 40 kV, Step Size
0.02°, Time per Step 0.4 s, Scan Range 5 — 80°
3 20 wazlizozmany 45 Wil
naseURnsasTULsIsavastuwIus lolndiues
WEGEIL AWM INNNIAIZIU ASTM C109 [22] 68
Lﬂ%llad Universal Testing Machine, UTM (Hounsfield,
H50KS, England) 131034314 25 x 25 x 25 3 71
21gUy 7, 14 uaz 28 1 TogldFumnunasauiid
gUNYINAUIWIL 4 @athsie 1 §a3

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2020.12.006

msn@aaumsgw‘ﬁuﬁw (Water absorption)
ATMURIUUUTIN (Bulk density) LA ANUWTUA?
‘ﬂiﬂﬂg (Apparent porosity) I@mﬂ@mﬂumn“‘}?mﬂu
‘ﬁlﬁﬂ’]ﬂq‘ﬂu 28 $ VWIAFUIN 25 x 25 x 25 ]
Furugaias 4 iu lagouFuswluianaudis
gannd 105 °C iuian 24 Falus udavin Tt
dwinuss uasihldugiin 24 Falus sy
savminluiuazlueima aaniasgu ASTM
C642-13 [23]

NAFaUANNAINITAIANTTERzA8AN T
19 [24] lasmathilalnfwaesinadany 28 Tu
2910 25 x 25 x 25 ux”. Muglwisanm 225
mL uszeziaan 15 wifl annsiusadn pH 7ile
LSS HINASIVDINTTZAUNIAN pH V893 Te-
TWawasWaR SAviniL 7 ienasaunEanIn

lumsvzazanaanuidua1sve9d lalwa e SInge

3. WaN1Y/MAaaINarn1sanUIuNa

3.1 wadtanzzasiaadanlaain

311 n1sIAIIzviovAdsznauNIILAN D
anvasloain

a1397 3 uaaeadlznaumuaiivasiag
dasloaiuainnisiaseels XRF - wWuin
wanalafuuazitn T udasdUSumEan 53.39
ez 68.61% uacfiozaliun 43.98 uas 5.67% B9
WwaaladuuastdTudasianaIn Si/Al 1.21
w8z 12.10 A wdey  GenInaaslolndiwaing
mmuﬁmsagaifum Si/Al msag’ﬁ 2:3 19
wanaloduuazidrousoslusnisoiisela

A L% o % Aa A a [ 4
mm:aumﬂmﬂma@;mn‘l,umswam‘[aiwamm

The Journal of Industrial Technology (2020) volume.16, issue 3.

71

http://j.cit kmutnb.ac.th



1sa1sivImamaluladana1unssu (The Journal of Industrial Technology)

-

UNANNINY

5 & a o
M137199 3 89AUIENAUNIY Lﬂlﬂlad'ﬂﬁﬂﬂa‘ﬁlsﬁﬂqu

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2020.12.006

Chemical compositions (wt.%)

Pozzolans
Sio, ALO, Fe,O, CaO MgO Na,0 K,0 SO, LOI
Metakaolin 53.39 43.98 0.63 0.04 0.08 - 0.86 0.02 1.00
Bagasse ash 68.61 5.67 4.06 2.73 1.58 0.18 3.41 0.23 13.53

ﬂmzpﬁﬁﬁﬁaﬁLmeﬂumswaumeﬂIaSu
waztonTwdasluoasnaIn 80 ¢a 20 wNaUsu
v . . A A £
AATIEINVDI Si /Al AT AN RNz FNIINT

Bagasse ash

1
AA C©

M

Intensity (a.u.)

Metakaolin

M A .AI
I My Q

Al A
! L MM oM A
" M I
e/ ha e, WA TR T TN WY
s b

T
50

T T T T T T T T T T T T
5 10 15 20 25 30 35 40 45 55 60 65 70 75 80

2Theta (degree)
31N 3 NANITILATIZH XRD maﬁa@mé‘ﬂ

uaaladn LazitnTudan)

N7UN 3 HANITILATIZA XRD  UEadD
wataladuniainuiduagmgin (Amorphous)
NRUAULATIEINEN (Crystalline) Usznavldére
Quartz %38 Silica W&z Muscovite LIuRaN §IULTN
v = . . A = a :;/
U808z WUNATaY Cristobalite TI3LHANTHAAH
figanuaiifa sio, Fananuanuitasdiznay

maadvesinnusasdinlngszneuludrndam

M = Muscovite (KAIL(AISi,O,,) (OH),, 00-007-
0042), Q = Quartz (SiO,, 01-089-8934), A =
Alumina (Al,O,, 00-004-0877), Al = Alunite

(KAL,(SO,),(OH),, 00-003-0616), C = Cristobalite

(Si0,, 00-003-0257), | =
016-0895)

Iron oxide (Fe,O,, 00-

3.2 uadtATzvaslalnaluaSInad
3.21 2aAT&EINITHRNI Si:Al Lag Na:Al
ANOAIIFIWBITHING Si:Al ﬁﬂ"]agiu‘*ﬁw
1.79-2.45 (@nﬁaﬁ 4) Tagwuindlodudsunand
U888 (BA20 LAz BA50)

' . a & e
ITUIN Si:Al %:LW&IQG“E% IWNNY 2.07 uae 2.45

a & o .
PNNTUDAITRIU

auday wanzsuiazhanlgd nsunutesie
SATEIUIZTAI SEAl Minanzanlszanm 2-3 [18,
20] uazsasn Na:Al liiunin 1 slusuise
fifsad1% NaAl atjlu119 0.76-0.79 sAﬁaag;

Tugr9NvmNIzay

A1319N 4 DANFIUITWINI Si:Al ez Na:Al

Mixture Si:Al Na:Al
BAO 1.79 0.81
BA20 2.07 0.79
BA50 245 0.76

3.22 wiWsrzuzasdlalwamasinad

mngﬂﬁ 4(n) wuidunuilalndwes
Lwaﬁﬁlmq 7 3 WUWATEI O-H TLauaank 3440
cm” waz 1670 cm’’ %aﬂwﬁﬂaﬁfmaaﬁwmﬂu
Tassarsilalwaiwes Niaundn 1440-1460 cm’”’

The Journal of Industrial Technology (2020) volume.16, issue 3.

72

http://j.cit kmutnb.ac.th



1sa1sivImamaluladana1unssu (The Journal of Industrial Technology)

-

UNANNINY

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2020.12.006

_m

w BAS0

Transmitances (%)

-FJ/\-A—W BAZ0

L e

T e T BAD

@
O q-f = -~
«Z-C

o
b=
4- -
-

o, Si-O-(SiAl) " S0l

— T T T
4000 3500 3000 2500

r—T T
2000 1500 1000 500

4
Wavenumber (cm )

(2)

Transmitance (96)

A "T—\’IVHY‘\‘——“""‘ | BASO
1
|
|

W/‘V\ 8420

. T $ I 1 T
4000 3500 3000 2500
Wavenumber (cm )

T T T
2000, 1500 1000 500

311 4 wisriTuvasiloInfwedinadiongia (n) 7 Tu uaz (1) 28 T4

wunyWaritu C-0 tinanmafial fisunszning
Na uaz CO, luanna tiaidu Na,co, wu'le
Faraulugas BAO Ai529tazad% 1030-900 cm’
SUNURAVDI Si-O-(Si/Al) Gﬁalﬂuﬁgﬂaﬁﬁuﬁlﬁm
n UfAsendlelndweluadu  Ataaavadn
980-950 cm™' lugms BAO Uaz BA20 Fsaziiums
TUEIVBIRYWITU Si-O-(Si/Al) %’@men'ﬁ'mgj
28 Ju Fudulasssefldanuudussluile-

Infiwas [25] WungWIridu Si-0 waz A-O N1

L8UAA® 545-520 cm wu Si-0 lwlassarsile-
Indwas F}:}aLfluaaﬁﬂizﬂauwﬁnmaﬁmqﬁu&%ﬁu
mnmsﬂawmmyﬂaﬁﬁﬁﬁmqu’mj"sa@‘l”uwu'h
Fu91% BAO Al NaOH wuvlinauidnanusasd
Unnguany O-H 7 3440 cm” Faudu by-product
nm3tAia Si-0-Al Gadwnanligiosvessle
Twawesluaniefiduinnu BA20 was BA50 fifinns
la s udas 20 way 50% MINU O-H Wawu Si-
O-(Si/Al) Ln%

The Journal of Industrial Technology (2020) volume.16, issue 3.

73

http://j.cit kmutnb.ac.th



1sa1sivImamaluladana1unssu (The Journal of Industrial Technology)

-

UNANNINY

Iuawqﬂu 28 1% (g'ﬂ‘ﬁ' 4 (1)) WUINFUIH
g73 BAO (finiauas O-H Hauasfliazain 3440
cm’ W&y 1670 cm’ %aLﬂuwgﬁaﬁfummﬁwmﬂu
lassaedlalndnes uaziiafauas Si-O-(SiAl)
avaan 980-950 cm” Gatdulassairananiild
anuudaussluilalndwes lasaziiaiaves Si-
O-(SilAl)
(BA50) G9gaandasiueanuudousisuusinasa

%‘ﬂl,wsl,ugmﬁl,ﬁw LT IUB 88 50%

Aa . @ g a ) '
‘Y]&Iﬂ’]gdL’ﬁuﬂu BANINNBNLUNAVDI Si-O 1%’5’3\‘1

-1 4 v A
545-520 cm ' §013 BAO 7Ald  NaOH tnIaLTY
wWmrs Ynlvdanututuaas Na AuNNiges

A = ' & o A o )
auﬁ]ﬂLLﬁ@ﬂNaﬂJaﬂ%Hﬂﬂﬂﬁu IuEﬂLLUU'ﬂﬂa’]Uﬂu

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2020.12.006

o A a & A o o

nudlalwdiwasnldaisazatuoanila tanis
¥

NaOH Tumyiiugyl [26]

323 asadsznaumotaizasdlalwatuasinas
N3N 5 TR eIRUTEnauNIALTe
FlalwdAwafinadilTouifiouangiia (n) 7 7% uaz
(V) 28 1% ANEAL wuimnggmuﬁmﬂﬁﬁ%mﬁia
Aa o 2 A e L3 = .
TR bavr s Fa8uaulaannIIwunNe Sodium
Aluminium Silicate L8 Sodium Aluminium
e { ] Qs A = a Qs
Silicate Hydrate ﬁmquu 7 1% Judunianwend
o Aaaa a A o A v K
wanvasfazendlelndiwaelaotuidiaidiiisens
13 28 7UWA2I Sodium Aluminium Silicate '@

anad nyanie 'l

¢ .
m o %
=]
1 sH M su : c
8 MoS s s Se @ . ? o u o
2 hddor | . , BAS0
&
= M
= Mgl PR R SR | e BA20
W“ R P —— BAO
I I 1 1 I I I 1
10 20 20 40 50 60 70 80
2Theta (degree)
o
(7") C SH
c c
! Q c ‘i_ e @ Q Q
Movedandh N A, BAS0

Intensity (a.u.)

BA20

Aot

BAO

T T T T
40

I
50 80

2Theta (degree)

S = Sodium Aluminium Silicate (NazAlSi;(O3,, 01-074-1787), Q = Quartz (SiO,, 01-089-8934), C = Calcium Silicate Hydrate
(Ca,(SiO,0H)OH, 00-006-0286), SH Sodium Aluminium Silicate Hydrate (Na,6Al;6Si,,"40;,14H,0, 00-044-0052),
M = MuscoviteT (K,Na)(Al,Mg,Fe),(Sis 1Alp9)O19(OH),, | = Iron Oxide (Fe,O,, 00-016-0895)

U1 5 an13iazd XRD vasilalwaafinadionyty (n) 7 usz (v) 28 T

The Journal of Industrial Technology (2020) volume.16, issue 3. http://j.cit kmutnb.ac.th

74



1sa1sivImamaluladana1unssu (The Journal of Industrial Technology)

-

UNANNINY

A a A & o o
Wavanilelnfwesilassasnaduunuedamgin
=< v A o 4 oA a &L o Aaa
aduartinguindlalnfiuasunrid jisen
e a <& a a A Aa
suysol 8nnadiniaifia uaaifoudiinalaiaa
A o Aaa o &
(C-S-H) iunAnnmsianUisenlaiassudadn
2 d' v I3 ~ 6 1
lassaianldanuudoussluyudiunduaznoin

a & a ' P a
aduludlalwdinossinalnalalwainasdan

& o o X A ' )
ﬂ'ﬂ&lLL“U\‘}LL?\‘]?‘ULL?GTI@@@]QG’U%ﬁ@WQUN 28 1

3.2.4 ANINRISULIIAA
A A a a ' =
93U 6 LalIouinsua1auud L
o @ iy a a edN A
FULTINABAVDITUINUI Lo lnRLNaTA LN U LaL
VWL TIMEDS (0, 20 UAE 50%) WuiNhanyLy 7
Waz 28 1% NTLdNLENTIuEas 20% (BA20) 'laj
FINANTENUABAIANNLTILIILALTALANND I 50%
(BA50) #1U1IDLANANNLDILIININNT 2 1¥i0
Imgm BA50 ﬁ@hﬁ’]ﬁﬁ'mmlé'@gaq@ﬁa 45.38
MPa L#23931n&aa7% Si:Al NU Na:Al NANITEN
danistiadfisenilalnfweslsiorulay BASO
Yo o > { o A o o
lﬁnwaaiULLiaaﬂgaq@ﬁ 28 M TINDAARBINUNA
2ad FTIR

60 -

g 5 3
T

]
[=]
L

Compressive strength (MPa)

=
o
L

o

28
days
= 0O- BA20

—=— BA50 ——BAQ

i 6 mﬁwé'a%'uLLiﬁﬁ@maaﬁlaIwﬁLua§ﬁawqﬂm
7,14, LAz 28 %

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2020.12.006

3.2.5 msgm%uﬁ?’n AMaNTHlIINg uazaa
RITURHIIN

NAMIANIENUANIINIEAITN WLTY AT
QW‘E&I%{W ANUNTHUTING UATANAUIUUUTIN
maaﬁiaiwﬁmaiwaﬁ‘ﬁ'mq 28 % LLﬁ(ﬂ\‘lluEﬂﬁl 7
anunwniuTInseddlalnfwedinadarlugas
1.43-1.98 g/cm’ mmv\mLLuuﬂfuagﬁuﬂ?mmmi
LB T 1w 08ua981382818 SR-NaOH lapas
FIHAL A UL UY B ITUITHAARS ANNTH
Usngeglutie 6.15-14.49% Feduualiuassin
TIUALAMUAWILULIIN

BA50 ﬂs’mgmwwgugaqmﬁaammﬁﬂ
mudasdanungudinelulasiaisdonalinme
Wudusasludsunamunsunuilalniwes
Lwa@ﬁoﬁmwuwguﬂﬁﬂgﬁlgaLﬁuLﬁmﬁ'um‘sgﬂ
%uﬁmyj’iwﬁua 12.98-26.90% F9fumlriuifisani
AuANWIBLIINg %umu?jaﬁmwwguﬂﬂﬂg

mnﬁog@%uﬁng@

~ 10 -
§ 4 i .

ot C‘_.
B 28
gs zoég
5 £ 06
T 4 c 5
- 10 T a
& , §

0 0

BAO BA20 BAS0

= =@ = Bulk density ++s .+ Water absorption == Appearance porosity
= =
;5‘].]7] 7 ﬂ"]iﬂ@l‘lill%’] ﬂ'J'l&lWE%ﬂi'mg] LLASANINY

WU NangLiy 28 T

The Journal of Industrial Technology (2020) volume.16, issue 3.

75

http://j.cit kmutnb.ac.th



MseTIvMmamalulaganavinssy (The Journal of Industrial Technology)

-

UNAMANITY

3.2.6 ANAINIINBNIIAZANLVDIAN
NNTNARBUANNRINITO IUANTALANE
20367960 pH 13uduvasTwwIlalnAiuafinad
ﬁ@hagiwﬁw 10.0-11.5 waLH kWA 3T 8%
auen pH W lndanudunans (pH = 7) wnldin
%umuﬁiaiwﬁma?gmﬁl,ﬁmﬁwmé’asJ 20% WA
50% lFdwanasslumizzdosningusuilolng
wasiludnidudas §A3 BAO BA20 uaz
BA50 {5 1minassfilslumspziialiarnanuidn
nya-enadnlnaanuidunas dwinnu 14 10
ez 10 A%3 NEAL Lﬁaumﬂg@lsﬁvl,ﬂvlﬁﬁmﬁw
TUSeY FINa b Nasazaslodunlaasenlos
annsind fasenmisluszuy vildlidraany
Lﬂumoﬁgaﬂd'} $9snuindasldinosdusuin
A3ININNIN qmﬁﬁmﬂﬁmﬁwwuﬁaylu

a 6 aana o v v
lzdsulansenlodgnldvihl jisoiudoudas
A a9
mAnly

4. a3UHANIIHRIUIIY
NuwispiansAsatunsisauiasiln
myfaserdlelnfwe lsistuvasiirmusas
lasmsnsuiinmudesluansazaslodonlans
anlodnanudusu 10 luarf lasanuanis
ﬂ@aaammsmgﬂﬁdwLﬁﬁmﬂuﬁaﬂﬁLLﬁaﬂia:awﬂ
NaOH auagluan1iz SR- NaOH FBLRNAIY
wdausIszosauundlalniineslasanuaniy
nagay FTIR waz XRD uaaslwiiuing jisenile
Iwﬁmavl,imﬁ'mﬁm‘fuﬁmqﬂw 7 Sulasluduo
BAO 2269w O-H Audwiindaiiu by- product 211
m3ifia Poly (Sialate) (Si-0-Al-0) Fsidwnanl

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2020.12.006

anuudsusadasduudadanuaiosnindile
e BA20 uaz BASO WU O-H ludSunmfitas
WANU Poly (Sialate-siloso) (Si-O-Al-O-Si-0) G93in
wuﬁmqﬂwaaﬁwua:lﬂummuﬁaLLid‘ﬁlﬂ"aﬁuﬁa
snanInagylainiug BA lu NaOH 1l BA &
anuiashussinanuudnssluszozdusiud

ssnmaiiadfisendlelwdiwe lsiati

5. naanyINdsznd
PoUBUAMANIUUIVOUATWAIWIUWAY
YAIAINLIRLNBATANEAT (KURDI)  WATADAL
INIINANFATNAIINDN AN BATANFATAIRIL
nu’?a‘i’mm:numiﬁﬂm Laz91wIs o leTuNT
aﬁuagumﬂmﬂ?mmﬂiﬂaﬁﬁmmmmn%au
Anpravinaluladgaannisn ¥n1inelds
waluladwszasuinawszuasinialunissand
MufiTiensiuasias fianns TNV VDUA
TassmsinousuiBad fudnsdounanuisouas

A A

a a =
Uﬂﬂ'J’]M"J‘E’]ﬂ']iLWS@IWﬁJVTLNSJLL‘W?"IT\‘]%@]I@]EJ

A Aa

HAARIWNNITIN UWR1

q

NUIREY

v
AadA o

Nwag

Tnvrauinalula
walulainszaauinawszuasiniiaun
i'mﬂm'miaﬁ" bl asunIaIiL m&ummmiaﬁumn
USENduiuesa STasaos Anasathiuy 31na uas

ENTIUS 8ENLI NI ﬁ'm’j"wﬁfwﬁ $na

6. LANA13D19DY
[11 P.C. A;icin, Cements of Yesterday and
Today: Concrete of Tomorrow,

Cement and Concrete research, 2000,

30(9), 1349-1359.

The Journal of Industrial Technology (2020) volume.16, issue 3.

76

http://j.cit kmutnb.ac.th



-

MseTIvMmamalulaganavinssy (The Journal of Industrial Technology)

UNAMANITY

(2]

(3]

(4]

(3]

6]

(7]

E. Benhelal, G. Zahedi, E. Shamsaei and A.
Bahadori, Global Strategies and Potentials
to Curb CO, Emissions in Cement Industry,
Journal of Cleaner Production, 2013, 51,
142-161.

A. Akbar, F. Farooq, M. Shafique, F. Aslam,
R. Alyousaf and H. Abduljabbar, Sugarcane
Bagasse Ash-Based Engineered
Geopolymer Mortar Incorporating Propylene
Fibers, Journal of Building Engineering,
2020, 33, 101492.

C.L. Wong, K.H. Mo, U.J. Alengaram and
S.P. Yap, Mechanical Strength and
Permeation Properties of High Calcium Fly
Ash-Based Geopolymer Containing
Recycled Brick Powder, Journal of Building
Engineering, 2020, 32, 101655.

J. Davidovits, Properties of Geopolymer
Cements, Scientific Research Institute on
Binders and Materials, 1994, 1, 131-149.
R. McCaffrey, Climate Change and the
Cement Industry, Global Cement and Lime
Magazine, 2002, Environmental Special
Issue, 15-19.

P.K. Mehta, Greening of the Concrete
Industry for Sustainable Development,

Concrete International, 2002, 24, 23-28.

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2020.12.006

[8] J. Davidovits, Global Warming Impact on the
Cement and Aggregates Industries, World
Resource Review, 1994, 6(2), 263-278.

[9] J. Davidovits, Geopolymers: Inorganic
Polymeric New Materials, Journal of
Thermal Analysis and Calorimetry, 1991,
37(8), 1633-1656.

[10] C. Tippayasam, C. Leonelli, and
D. Chaysuwan, Effect of Agricultural Wastes
with Fly Ash on Strength of Geopolymers,
Suranaree Journal of Science and
Technology, 2014, 21(1), 1-7.

[11] C. Tippayasam, S. Sutikulsombat, E. Kamseu,
R. Rosa, P. Thavorniti, P. Chindaprasirt,

C. Leonelli, G. Heness and D. Chaysuwan,
In Vitro Surface Reaction in SBF of A Non-
Crystalline Aluminosilicate (Geopolymer)
Material, Journal of the Australian Ceramic
Society, 2019, 55(1), 11-17.

[12] Y.M. Liew, H. Kamarudin, A.M. Mustafa Al
Bakri, M. Bnhussain, M. Lugman, |. Khairul
Nizar, C.M. Ruzaidi and C.Y. Heah,
Optimization of Solids-to-Liquid and Alkali
Activator Ratios of Calcined Kaolin
Geopolymeric Powder, Construction and

Building Materials, 2012, 37, 440-451.

The Journal of Industrial Technology (2020) volume.16, issue 3.

http://j.cit kmutnb.ac.th

1



-

MseTIvMmamalulaganavinssy (The Journal of Industrial Technology)

UNAMANITY

[13]

(14]

[15]

C. Tippayasam, P. Boonanunwong, J. Calvez,
P. Thavomiti, P. Chindaprasirt, and

D. Chaysuwan, Effect of Porosity and Pore
Size on Microstructures and Mechanical
Properties of Metakaolin Blended with Ca(OH),
and PLA as Porous Geopolymers, Key
Engineering Materials, 2016, 690, 276-281.
C. Tippayasam, P. Balyore, P. Thavorniti,

E. Kamseu, C. Leonelli, P. Chindaprasirt
and D. Chaysuwan, Potassium Alkali
Concentration and Heat Treatment Affected
Metakaolin-Based Geopolymer, Construction
and Building Materials, 2016, 104, 293-297.
A. Fernandez-Jimenez, A. Palormo and

M. Criado, Mircrostructure Development of
Alkali-Activated Fly Ash Cement a
Descriptive Model, Cement and Concrete

Research, 2004, 35, 1204-1209.

[16] A.M. Hameed, R.R. Rawdhan and S.A. Al-

Mishhadani, Effect of Various Factors on the
Manufacturing of Geopolymer Mortar,

Archives of Science, 2017, 1(3), 1-8.

[17] S. M. Kabir, U. J. Alengaram, M. Z. Jumaat,

A. Sharmin and A. Islam, Influence of
Molarity and Chemical Composition on the
Development of Compressive Strength in
POFA Based Geopolymer Mortar, Advances
in Materials Science and Engineering, 2015,

647071, 1-15.

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2020.12.006

[18] Y. S. Zhang, W. Sun and J. Z. Li, Hydration

[19]

[20]

[21]

[22]

(23]

Process of Interfacial Transition in
Potassium Polysialate (K-PSDS)
Geopolymer Concrete, Magazine of
Concrete Research, 2005, 57(1), 33-38.

P. De Silva, K. Sagoe-Crenstil, and

V. Sirivivatnanon, Kinetics of
geopolymerization: role of Al,O; and SiO,,
Cement and Concrete Research, 2007,
37(4), 512-518.

N. Fifinatasha, M.M.A.B. Abdullah, C.M.R.
Ghazali, K. Hussin, M. Binhussain, and A.V.
Sandu, Comparison Characterization of
Geopolymer Source Materials for Coating
Application, Applied Mechanics and
Materials, 2015, 754, 664-670.

C. Tippayasam, P. Keawpapasson,

P. Thavorniti, T. Panyathanmaporn,

C. Leonelli, and D. Chaysuwan, Effect of
Thai Kaolin on Properties of Agricultural Ash
Blended Geopolymers, Construction and
Building Materials, 2014, 53, 455-459.
ASTM C109, Standard Test Method for
Compressive Strength of Hydraulic Cement
Mortars (Using 2-in. or [50-mm] Cube
Specimens), 2016.

ASTM C642-13, Standard Test Method for
Density, Absorption, and Voids in Hardened

Concrete, 2013.

The Journal of Industrial Technology (2020) volume.16, issue 3.

78

http://j.cit kmutnb.ac.th



Msa1FIvIManalulaganawnssu (The Journal of Industrial Technology)
ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2020.12.006

-

UNAININY

[24] C. Tippayasam, S. Sutikulsombat, [26] D. A. Runyut, S. Robert, 1. Ismail,
J. Paramee, C. Leonelli, and D. Chaysuwan, R. Ahmadi, N. A. S. B. Abdul Samat
Development of Geopolymer Mortar from Microstructure and Mechanical
Metakaolin Blended with Agricultural and Characterization of Alkali-Activated Palm Oil
Industrial Wastes, Key Engineering Fuel Ash, Journal of Materials in Civil
Materials, 2018, 766, 305-310. Engineering, 2018, 30(7), 04018119.

[25] S. Kumar and R. Kumar, Mechanical
activation of fly ash: Effect on Reaction,
Structure and Properties of Resulting
Geopolymer, Ceramics International, 2011,

37(2), 533-541.

The Journal of Industrial Technology (2020) volume.16, issue 3. http://j.cit. kmutnb.ac.th
79



