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ABSTRACT
This research studies the potential for using waste ash from industrial and agricultural by—
products as a geopolymer material. This paper presents a study of the resistance to chloride
penetration and resistance to sulfuric acid of geopolymer mortar containing ground rice husk ash
(RA) and ground bagasse ash (BA). Geopolymer mortars with constant liquid to ash ratio and
similar flow were used for the tests. Compressive strength, porosity, chloride penetration test, Rapid
migration test of chloride depth, chloride ion diffusion coefficient, immersion test of chloride depth
and weight loss with impressed sulfuric acid were investigated.
Test results show that the workable flow of geopolymer mortar was in the range of 110-
115% and was dependent on the ratio by mass of sodium silicate to NaOH and the concentration of
NaOH. Extra water was used to improve the workabililty. In case of rice husk ash geopolymer
mortar, the geopolymer mortars with high strengths were obtained with concentration of NaOH of
I5M with the sodium silicate to NaOH ratio by weight of 2.5. However, the bagasee ash
geopolymer mortars with high strengths were obtained with concentration of NaOH of 10M with
the sodium silicate to NaOH ratio by weight of 2.5. The use of rice husk ash and bagasse ash
produces geopolymer mixes with good strength and resistance to acid and chloride penetration. The
resistance to acid and chloride penetration is higher with an increase in the sodium silicate to NaOH

ratio by weight of 2.5.

Keywords: Acid, Chloride, Rice husk ash, Bagasse ash, Geopolymer, Mortar
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Geopolymer samples

Sample ID  Type of activaior Concentration Cwring conditions
and w/b ratic

3FASS Sodivmn silicate, 2% Na
wit=0.3

3FA Sodivm hydroxide, 3% Na 24 h at oom temp.,
wit—0.3 24 h at 95 °C for

all cases
SFAK Sodivm hydroxide+ 3% Na
Pomssium hydoxide, +1%K
wit—=0.3
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Chemical composition of OPC and BA (%)

Materiaks 80, AlOy Fes0s CaD MgO NayO Kx0 Loss on ignition
OFC 19.25 5.04 ERT) 6361 4.56 0.08 0.51 312
BA 64.15 9.05 552 814 2.85 092 135 4.90
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TuTouR (Desiccator)  MUANNINALAIUATIBUA (Separatory  funnel)  1TanToaily
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o 9 J o Y v =
mimmmmmmmuﬂaa”lﬁﬂmmmmmm"lﬂ ANFUNITN (3.1)

0=900(1, +21,)+ 21y + 215+ 21, + 215, + 214
20,0+ 20,0 + 21,0, + 21, + 2155, + L)

300 330

(3.1

A o Y
Wemviuald

0= nszua Wi lvarudledanaaeunse Charge passed (Coulombs)
1,= ansgua lihisudunasninliusadu il (Amperes)

1 = mnszud Wih Tnarudedanszezna 1 i

Separatory funnel

Desiccator

Vacuum pump

— | Power supply [+

nal Recorder
Yoo

Cathode _{|[-+53 1 Anade
3% MaCl 03N NaDH
soluti ot
Epoxy coated
around cylinder

llﬁ 3.8 ﬂﬁ@]ﬂﬂ\imiﬂ\inﬂﬂﬂﬁﬂ‘ﬂ RCPT
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4
5. UBNMNMINATOUMIUNINFUAAD 15AAINNIATFIU ASTM C1202 (RCPT)
= Y = S Aoy = 7 an =
Tugih 3.8 udr lumsfAnwinsail delddnuinuanvesnae lsd A3nsnaaeuninu@n
J v o @ ! o a
aaoliddsznoudlenisnadouuuussdronsaau i degili 3.9 miduilszans
1 4 9 d' = Y [] a
MsunInszareuesnaelsa laeldgili 3.9 vazmsmanuanaae lsaaemsusuUTITNIA
= 14 [ A & A Aav A Qy 9 am
luaisazareTmdonnanlssd  dwaadlugli 3.10 Fdauidsendiuuuisunadoudles
1 dy = A o dy
a1l [1,28] 1eaz@enmsnaaen Unail
= Jd LY @ . . .
1. MynaaeuMsunndunas lsauuuissatenssau 1 (Rapid migration test,
9 =) v 1A = J JY J 9y v 4 a A
RMT) NAaoufIensiasouii06193 To Indwesvosmsvinaduiugudnaid 100 Jadwas
1HaLga 50 Haamas A931li 3.6
~ Y o =2 J 1
2. imsnaaey 7 Tu th linageumanuanvesnas lsduuus imsnageulu
¢ e 2 '
Tdeunas lsanudududosas 3 1Hidudves Cathode  uaz1¥47909 Anode  0g1u
limewater TUNAOINAIAANGT 370 NA1UNIND 270 Az GUNINY 280 HAAMATAIEIAU A
! Qa}l @ 1 o J 1 ng;
ueraa Alugald 3.9 vinduldusedu Idusiiny 30 Tada (de) 5213199 Cathode Az Anode

a2y

{ o ) v ' sy o a
ﬂﬂﬁ@ﬂﬁ@TQ 30 U aNNITNATOUY Wﬂﬂ?ﬂﬂ?@ﬂ@iﬁ'ﬁllg'}ﬂﬂﬂﬂﬂ 0.1 M AgNO3 Iﬂﬂ’gﬁ’(’)ﬂ
v Y

ad . = [ A A ) @ a &
IINITNATDUUDN Otsuki HasAME [36] ﬂ')"lllﬁﬂﬂﬁi’)lliﬂiu‘ﬂuﬁ”ﬂﬂiﬂuTIITJﬂTﬁﬂJTJigﬁTITJﬂ”Iﬁ

1 4 % {
LNINTL18v04 Aae 13AA8aUN15Y09 Nerst—Plank equation Fauaasluaumsi (3.2)

D= R}fg AT (3.2)
Z t

d‘ o Y

Wweiviua

D =duszAnTmsunsnszenan 158 (Chloride ion diffusion coefficient)
] I~ a 1A = 2
MU UAITIUFUANATABIUIN (cm /)
R = gas content (J/K mol, 8.314)
T = temperature (K)
SY o

L =aNUHUIVDOIUDTAT (cm)

z =1on valence (1)

F = Faraday content (C/mol, 9.65><104)

E = values of potential (V)

x, = inflection point YD chloride ion profiles that needs to be related to the depth

given by the colorimetric technique LU ¢ Ao nalumsnaaou (s)
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[ L] = a 4 Y 9 ] 4 a A
3. #29819% 1o INALUOTNOTAS VUIRLAURIUFUINAN 100 UAANAT G

50 WaAmNI NAANINUOTAITVIAFURIUANINA1 100 Haaas UMNY 200 Uaawas

U
v

n&anuun 7 31 i lunagevmanuanvesaas lsauuuusluls@enaae 1saa1ududu
Y
Fovay 3 Taguraunariua (IMT) NaINa1@@ng 370 Haawas NINUMINY 270 laduasiay
quminy 280 Haawas Mg 59 91999NATFIN RTA T362 [37] HaIINUBAI0819NAdeL
v @ oo 1 A a ¢ Py 7 S A A 1w an
ATV 30 MU 1WNA06197 o INAWe UDIAIS INUURANTONUAI8 0.1 M AgNO, AWIFUDS

Otsuki agAme [36] MyIannudalduuugai 3.11[37]

30 vde

g limewater ; —‘ %

3% Nall limewater

J

‘ljﬁ 3.9 ﬂﬁﬂﬂ’d@‘u‘l’ﬂﬂ’ﬂﬂaﬂl!ﬁ“’ﬂ'lﬂTﬁiJ’]Jﬁ ans ﬂﬁllWﬁﬂi“’%Wﬂ"U@Qﬂﬁﬁﬂ‘iﬂ [1,28]

Epoxy coated
Mortat

ﬂﬁ 3.10 ﬂ"lﬁ“l/lﬂﬁ’é]‘ﬂﬂ"li!,miﬂ“ﬁﬂﬂaﬂqimmﬂuﬂfﬂhﬂﬂﬁn [1,28]

10 mn | Measurement zone J10mm

‘ Specimen;:

51 3.11 edumsdannuanaas l5a [37]
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o 1 Y Y ad a a . A a ] A o =
mamwmmam\lauwmﬁﬁﬂ"l,aua (Vinyl film) ¥IaWa1aaNYion1vIg LWﬂﬁﬂ\iﬂuﬂTiqmulﬁﬂ

oy 1 ] <3 o [] { a { 1 ]
hnnmsszmeluszninmsdudou inudled1s Nnguuginesiszeznaineumstnion
Yy A

o 09/’ o w 1 Y v 9
(Delay time) 1 GH'JIN\‘I mﬂuuuma’e)EJN!,"’lmJaJ’ifJuGlu@m‘lJVl UN

U Q

~ I
65 DA UK ALFOE 11) 1

) @ o Qy @ 1 < . a
52821981 48 ¥ 119 HAINATURIHUANAT mmamﬂﬁ/wuﬁamwgu

Q

i
Y 1A )
1oIn00N 24 ‘I)'QIMQ uae

v 9 ] Y
UNZAI9E1900NNNUDY KM sTavuauazsaiimin ey 7 Juihdreda Tuusluii naz
o a Yy vy ¢ o & an .
dsazagnsagaysnianuduIusesar 5 Iagimiin a1 pH Uszna 0.5 mauyld
o Aa a 4 [ ° I {
msazatensagalinszdudrenaraanie lildloszive udniluinu 3 ludesnaaennil

Nl 23 +2 odruaiFed Hea10819l01gMEnaIMsuTATY 1,3, 7, 14,21, 28, 56, 90, 105,

B

1 Y
120 taz 180 Y4 mmsnaaeunslasunilastimiiniiuiu 3 aiwe1e Iagiianuazeiauay
< A Y Y [ dy A Y o oy o o [ A
AR e Javinanunninga ANge waziminvediedn Usuamsazaensa
[} a d' Y 1w 1 a [ 1 [ 1 Y 1 A |Aa LY Aa aa
Fayninlumiay 4 mveaSunasdiedns 1 @613 (1 Are81T15uasmAy 125 Jaaans)

uazihmslasudisazaronng 1 Aou

YRV do Y] ]
32 dyanyallanuazAIvganaaall
Tua19199 3.3 1AL 3.4 UAAIFIUANTNVD9D 1o TNAINBS NOSTAS NaUdILNaL G
asazaela@onlaason lod 10 Tuais (1oM) waz 15 Jwars (15M) amuddy Tuasan 3.5
1 ~ =\ o sY J 9 Y Y =
1AL 3.7 HEAAIEIUNANU09Y 10 INAeS W A1s neard1sud s areasazate laden lanson

laa 10 Tuars (10M) taz 15 Tuars (15M) audiey

19197 3.3 AIURNAUVDINDI A3 AU UnaY A28 NaOH = 10M

Mix. No. Mix. Symbol Na,SiO,/NaOH
Mix1 0.5S1/0H 0.5
Mix2 1.5Si/OH 1.5

Mix3 2.5S1/0OH 25
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Mix. No. Mix. Symbol Na,Si0,/NaOH
Mix4 0.5Si/OH 0.5
Mix5 1.5Si/OH 1.5
Mix6 2.5Si/OH 2.5
A5190 3.5 IIUNANVRINDT IS HANIT ISP §90 NaOH = 10M
Mix. No. Mix. Symbol Na,Si0,/NaOH
Mix7 0.5Si/OH 0.5
Mix8 1.5Si/OH 1.5
Mix9 2.5Si/OH 2.5
A3190 3.6 TIUNAUVDINDT IS HANIEIIUBDE §90 NaOH = 15M
Mix. No. Mix. Symbol Na,SiO,/NaOH
Mix10 0.5Si/0OH 0.5
Mix11 1.5Si/OH 1.5
Mix12 2.5Si/OH 2.5
Tudnual Taquazdesimadey Tagialy Hudail
RB Bunauuaglsinsesualiivianazidendadudeuazuns

mmgmmaﬁzs Usmadesas 0-5 (liquid/ash = 1.2)

BA - idnudesuadinniesualiivuinanuazidoadadiufiaun
AZUATINATTIUILBS 325 USinadesas 0-5 (liquid/ash = 1.2)

MIX1 = 0.5Si/OH fi® HAT1AIUUDI Na,Si0,/NaOH 111 0.5 uaziiludumay
¥933 To Tnames uesMsHay 1dna @28 NaOH = 10M (liquid/ash = 1.2)

MIX2 = 1.5Si/OH fip 8A318IUUDI Na,Si0/NaOH 1A 1.5 waziiludiunay
vo4d To TndmwesuosMmay id1utnan A28 NaOH = 10M (liquid/ash = 1.2)

MIX3 = 2.5Si/OH fi® 6AT1@IUVDY Na,Si0,/NaOH i 2.5 aziiludiuway

vo4d To TndmesuosMTmay id1tnay @28 NaOH = 10M (liquid/ash = 1.2)
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MIX4 = 0.5S/OH #® 6A318IUYDI Na,Si0,/NaOH 91w 0.5 taziiludiuway
vo4d To TndmesuosMImay i 1nay @28 NaOH = 15M (liquid/ash = 1.2)

MIX5 = 1.5Si/OH fi® 6A318IUYDI Na,SiO,/NaOH 1A 1.5 naziiludiuway
vo4d To TndmesuosMImay i 1unay @28 NaOH = 15M (liquid/ash = 1.2)

MIX6 = 2.5Si/OH f® 6AT1@IUVDI Na,SiO,/NaOH 91w 2.5 aziiludiuway
vo4d To TndmesuosMsmay 18 1nay @28 NaOH = 15M (liquid/ash = 1.2)

MIX7 = 0.5Si/OH fip 318UV Na,Si0,/NaOH Wi 0.5 uaziludunay
vo9d o TnamesuosMsnay id1111808 A28 NaOH = 10M (liquid/ash = 1.2)

MIX8 = 1.5S/OH fio 831871V Na,Si0,/NaOH i 1.5 aziludunay
vo9d o TndamesuosMsmay id1111d08 A28 NaOH = 10M (liquid/ash = 1.2)

MIX9 = 2.5Si/OH fip 8AT1@IUVDY Na,Si0/NaOH 11U 2.5 uaziiludiumay
vo9d To TndmesuosMsmay id1111808 A28 NaOH = 10M (liquid/ash = 1.2)

MIXI0 = 0.5Si/OH fie 8a3183UY84 Na,SiO,/NaOH A1 0.5 uaziiluadunay
vo9d To TndmesuosMsmay id1111898 @28 NaOH = 15M (liquid/ash = 1.2)

MIX1l = 15S/OH o 8A31821U04 Na,SiO,/NaOH iy 1.5 uaziiludiuway
vod To TndmesuosMimay 1111898 A28 NaOH = 15M (liquid/ash = 1.2)

MIX12 = 25Si/OH o 0518210 Na,Si0,/NaOH v 2.5 uaziiludiuway

vo4d To TndmesuosMHay 191111808 A28 NaOH = 15M (liquid/ash = 1.2)
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WU D WAAVVABLIDEA RA  TAINAINIUIIZININY 2.25 TWNUNRITUNIZMINY 11,000 41514

a 1 [ 4 1
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A5 4.1 duguauiansmenmaeaduinauneuua (RA-0) tazid1mudos
ADUUA (BA-O) AT 4.1 WU IBMNAY RA-O 1azId191ud08 BA-O  Tinnwaaesuny
MRY 1.96 1A 1.85 d1aY 16 nat RA-O  1azid1udes BA-O  loynmadauuazinsa
NATTIUILOT 325 Faay 75 1Ay 58 AUAIAY

A151991 4.2 Wupmauianemenmveudwnauuaazidova (RA) tazid1y1udes
UABLIBEA (BA) HANATOUNLIN WU LNaUUAaZBeA RA HANNA9 1Ay 2.25 T

Aa o Vv a 1 [ = 4
NIVUNIZININD 11,000 A15TUFUALUATADNTY Lm%Nﬂlgﬂ”Iﬂ?zllNiJ‘L!@]%l,l,ﬂ'i\ilﬂﬁiﬁium@i 325 %)E]EJ

4
a A

Az 0-5 AUMFIUDDIVAAZIDIA BA  UANDINSUWIZNINY 2.24 DNUNARITUWIZNINDY 12,000
a 1 o = 4 5 = @
AT NHFUANATADNTN LAz ToYNIARNUUAZINTINIATTIU 1WBS 325 $o0ay 0-5 FelndiAoeny

NUIVEARIUN [1.38]
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1 a aaa A 4 4
Naﬂ@ﬂﬁlﬂﬂﬂ{]ﬂimﬂ@“ﬁi%ﬁTﬂ [41] @Hﬂ1?’]1/]?’91}1\1‘Uu@3&&ﬂi\‘lh1§]§§1ulﬂﬂi 325 ﬂ@ﬂﬁ\ilﬁ@\‘l%?ﬂ
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ﬁ?uaglaEJ@‘1.]31”7.1!ll’lﬂﬁﬂWu@lgLLﬂﬁﬂ"]NﬁeUuWﬂmﬂﬂ'J']LLﬁ%@léﬂ'lﬂﬁgﬂﬂﬂﬂull@]ﬂlla&’ﬁﬂluWﬂLaﬂﬁ\i

0o q YA o o A & o4 Y Yy v A A L ad da
U3 RA 11 BA 1/]111’1WU1/|N'J%1LW"I$LWNﬂJUQﬂﬂﬂaTJ!Lﬁ'JGlHGU'Nﬁu UAZIUDNIITNT BA FIUNUNN
Y R o

o 1 <3 1 o A (] [ : @ ay A
IUNITUINNIT RA anUoY le‘Vl111/9!!?]’3']3JQ'J\‘1ﬂWLWW%NﬂWQQﬂQWLﬁﬂﬂﬂU FUDU %Qﬂﬁaﬁﬂﬂﬂx‘l'lu’mﬂ“ﬂ

Y
WIUNIUNYUY Chindaprasirt et al. [5]

A15197 4.1 ANV UNIZLUALANNALIDIAVDY RA-O Liag BA-O

Physical properties RA-O BA-O
Retained on a sieve No. 325 (%) 75 58
Specific Gravity 1.96 1.85
Blaine Fineness (cm’/gm) - A15 1S UANATADAT Y - -

A15197 4.2 ANVDNTUNIZLUAZANALIDIAVDY RA 118 BA

Physical properties RA BA
Median particle size (um), dg, “lunsou 15 19.5
Retained on a sieve No. 325 (%) 0-5 0-5
Specific Gravity 2.25 2.24
Blaine Fineness (cm’/gm) - A5 1S UANATABATY 11,000 12,000

A o ~ < 9 v v
5U7 4.1 1AAINITNIZNIBAIVDIOYNIAVDIY UFIWUA 101NAD RA 1azid131udo0
4 oy v o ' ~ 5 A £ Y3 19
BA Fudunivvesiagnedoagainudmuailszmnni 1 (Cement) Fanaasliiuiudmnay RA
14 Y A ' o Y = > 24
nazd 1 Udos BA ieriumstenvuiataziumsuaiIniianuazideanuiniuilosninuua
<3 1A ' @ Ay a {
PYMANAINIUAN 1FUIRBINVIIUITOUD Sata et al. [1,38] HINHAITUIVUIADYNIANABIINTIOE
ngalimunningaldin RA, BA uaz Cement Tvuiaouninmasde 15.0, 19.5 uaz 21.5 lunsou
(um) MWD RB, BA 118z Cement 1n3nsz18d230oaz 80 oglutae 1—30, 1—25 1ag 3—40

E4
a v v

Y Y
o w v o a a <3| @
Uluﬂi@u ATNAIAY ANUU L{]}TVNEIHﬂN'ﬁNﬁ@Q@ﬁ?ﬂﬂiiullﬁmﬂﬂ@iﬂiiﬂ 611!\11”’3 ﬂﬁﬂﬂ!ﬂuaﬁﬂﬂ@“ﬁ
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100

-4=RA
=H-BA
—A— Cement

10 é,
0 1 i

0.010 0.100 1.000 10.000  100.000 1000.000

Particle size (micron)

311 4.1 M3InN3£018AI01NIAUBI RA 11z BA
412  ewdszneumand
¢ a Y = 4 ' ~ 7 s
naminagevednlsznounmaniuaa 13 luais1en 43 Fainuinjudiuudilesa
g = = s o A = s 2L N A = g
naudlszand 1 (CT) Tosdlsznounanne unaibowosn lag (Ca0) FalidFurmddovas 65
1 4 =t @ aa $ o a
lugruwesesnlsznoumiinanyes id1yudos BA Ao Gan (Si0,)  Fellsuimdesas 65
2 v ]
uonINUMI g de1iniiie 19 INN15IM (Loss on Ignition, LOI) HAuviiusesay 18 wasau
W09 Si0, + ALO, + Fe,0, tMnuiosag 73 wumnna13eeay 70 HanaaoUaa1onUIUIeU
A4 a s 7 2y 9 Y19 9 =
Ganesan et al. [7] o sz iduesndszneumaniiudrgunsainla1d idanudesuaazidon
< o ) 1 { a
iWhuiagiesTaaunaldTaseglu Class N iilena1saaminasgIuves ASTM C618 [17]

a o

@wnay RA Idanmamnunauiiguugiitiiny 600-650 ofusaifod 181803

1%1/Smmnesay 20 Alansu maanmsnaaeudnavuaazdeaiilsuia sio, minuiesay 93
A a J a9 1 g @ a o a

uaziilonnanesndszneumiindmuiniuidales Toauytian I Tasiarsanaiumasgiu

k4 Y 1]
Y9I ASTM C618 [17] UBNIINHUHANAdo Iy gaydetimiiniiie91nni1sm (Loss on
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a1 (Y = ~ 4 :’1
Ignition, LOI) TAwnniusooaz 3.5 udasniimsw g auiazauysal uenaniunasINYes
. A 9 =\ = Y av dy Y Y v W Ao
Si0, + ALO, + Fe,0, AD3 080z 93.5 uazil CaO tiiesiovaz 1.5 nuivedl lanalndiResiuinauise
YD Asavapisit & Ruengrit [42] Fusunanfiguugil 650 ossusaiiod wazii luaazidea wams

a 4 J = ' Y A . Vv Y
’JLﬂ'i'l&”riﬁW?Nﬂﬂ’igﬂ’tﬂiﬂﬂlﬂilW‘U’J'l]lﬂ‘]JiiﬂmleEN Sio, ImnuIveaz 90.2 [42]

4 ¢
M3199 4.3 99A1TLABUMUATVDY Cement (CT), RA 18z BA

Oxides (%) Cement RA BA
CaO (%) 65 1.5 9
Si0, (%) 25 93 65
ALO, (%) 6 0.4 5
Fe,0, (%) 6 0.1 3
MgO (%) 34 0.1 0
K,0 (%) 0.5 1.3 2
SO, (%) 5 0.9 0
LOI (%) 0.9 3.5 17
Si0,+ ALO,+ Fe,0, (%) — 93.5 73

413  3U99veseYMIN

4 I 1 o W o w y .
71U 4.2 way 4.3 1Wumndreiideversiidegadaoinios Scanning  electron

U

Y =

microscope (SEM) U934 HnanunaciBen (RA) LAz 1IUD08UARZIBEA (BA) MNSIAL 110NN

o o A ! o 9 Y A ' o Y 9 = <
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