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ABSTRACT

This research study the effect of sodium hydroxide solution with seawater to compressive
strength of geopolymer. The ingredients are fly ash from Mae Moh Power Plant Lampang Province,
sodium silicate solution (NS), Sodium hydroxide (NaOH) solution and seawater on the coast of Chonburi
province. The test divided the test series as follows : 1.Series A: Change the solution to fly ash ratio
(L/F), 2.Series B : Change the sodium silicate solution to sodium hydroxide solution ratio (NS/NaOH) and
3.Series C : Changes in the concentration of sodium hydroxide solution (NaOH). Test compressive
strength of geopolymer at the age of 28 days. The test results Series A which changed the L/F from 0.5
to 0.7 showed that as the L/F increased the compressive strength was reduced. The highest compressive
strength test results are in the L/F ratio = 0.50 using a solution of sodium hydroxide from seawater
(NaSE) =100% Compressive strength of 463.89 kg/cm?®. This has a higher compressive strength than
samples using a solution of sodium hydroxide from distilled water (NaDI)=100% slightly equal to 442.36
kg/cm?® The test results Series B which changed the NS/NaOH ratio from 0.33 to 0.67 showed that as
the NS/NaOH ratio increased compressive strength increased and as the NS/NaOH ratio increased from
0.67 to 1.50 compressive strength decreased. The highest compressive strength test results are in the
NS/NaOH=0.67 which NaDI=100% (508.02 kg/cm?) higher compressive strength than NaSE=100% (506.40
kg/cm?) slightly. And the test results Series C which changed in the concentration of sodium hydroxide
solution increasing from 5 to 10 molar compressive strength capacity was found to increase as the
intensity increased from 5 to 10 molar but when the concentration was higher than 10 molar the

compressive strength decreased.

AdnAy: Alelndiwes Mawen arsazanglufeulansenlys Umesia
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1.1 1inage
nsAnMIATITYIBIRUSENDUIAT UL 18Ry Ussnaume SO, Segay 36.20 ALO, Seuay
15.52 Fe,0, Souay 14.25 waz CaO Foway 22.57 A1n1saqideuininilodninnisw (LOI) evay 0.88 &4

Jadudraoeyila C nuunsgIu ASTM C618 [4] dananslumsnad 1 wag 2

A1519Tt 1 eadUsznoumaaiivediasy a5197 2 AaNUANIINEN NYBILINGRY
asrUsENauUNLAll (%) \naey AENUR Winaey
Sio, 36.20 ANNENITNNE 2.66
ALO, 15.52 wuneynaltulaswms) 18.6
Fe,0, 14.25
o 22.57
K,0 1.63
Na,O 0.33
Se 8.90
LOI 0.88

1.2 Ydmezia, ssazanelefondang uazansazansluienlansonlas
MsAnwlAszasusynoumaeiivesimeiaUseneudie Calcium Seway 1.14, Chloride
Souay 57.50, Sulfate Spuay 6.71, Magnesium Sauay 3.83, Potassium Soway 1.38 way Sodium Saway
29.43 nsilin(Electrical Conductivity) Wity 50.6 mS/cm, rananfinwestin(Salinity) wihiu 33.1 ppt
wagAAIdunIa/Ane Winiu 8.4 pH, a1savaneluideudainaiidiunas Na,0 Seeay 15.32, SiO, Seeay

32.87 waril Savay 51.8 wavarsazarslaieulansenlaniainugudu 5, 10 way 15 wans

A15199 3 99AUSENAUNNIWALVBIUNELA

29AUTTNOUNINLAL (%) vhneia
Calcium 1.14
Chloride 57.50
Sulfate 6.71
Magnesium 3.83
Potassium 1.38

Sodium 29.43




A\ 13ansiTe wu. @UutudinAne) 97 23 adud 1: unsiAu-Tunau 2566 191
/ KKU Research Journal (Graduate Studies) Vol. 23 No. 1: January-March 2023

and 1 idaeeainisdliiugiwng AN 2 dnzausnaeiidmintays
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2.1 Maaseusazany
a a (3 a g a a
nswssnasarateledeulansenled (NaOH) azdiduneulunisinieuaisazate lagnisids
ansazansluieulansonledveudsiiogsu Wn (Bead) visainda (Flake) fluiana 40 n3u/dua wuadluluin
Tngihluudazldinngy antuauasazaeegimaiiegliduladnuniadanududunniull mseay
iliAnleansaraeviaiinnsifenvetansaratsld lunswieuarsazaty aswseulugaiuviefiennia

e Weasazanelduiiadaussgasnivusiilunatadin [3]

a a I3 - & a a '3 H
a9 3 ansavanglafeulansenlenaindingu A9 4 ansavanelafedlansenlenainiimeia

2.2 Man3euag1edlolnaiues
) | Aad o &Y = % 1Y) ] - v d'
NSHaANAI0819838 N3RSl TunsnneainassnugnsduiesniuulinadulunIewan
Pntudnasazanslefeulansenledaduinioman ievinisvedoeuvesdineulavergiliionesnuiain
sumavegleauidiaes)ldamanduial 5-10 wiil dennfuarsazareludonddinaiislminnisnedaly
Junauanye [5] MNUUUTTYEIUNaNAluLUUNEDYUIA 50 X 50 x 50 1Y, MTUNAARUANEISN 1IN
ussgasaudlildununanadnlanguintindeguneuuuanuseuludeu Wesunasu 24 vu. Faneauwuunae

wagvioag MmeLHUNAERNlae I NYIANUTURALUNAILRUNANUTIEINIA JUNTENITI0E91YATY 28 Tu
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3. 9NTIEIUNEY

ieAnwnanssnuesasazanslaieylonsenlednantmeianeidsnvasilolndwes 14
penLUUNINAABIeaniy Series §ail

Series A: YnsAnwavesnsiUasuLUassnduasazanesediass 1Wu 0.5, 0.6 way 0.7 Tng
ASiAN NaOH = 10 M, NS/NaOH = 1:1 uazgamaiilunisuy 60 °C 1 Fu

Series B: ¥n1s@nwnavesn1siUasunlassnsdin NS/NaOH {u 1:3, 2:3, 1:1 uav3:2 lnansii
A1 NaOH = 10 M, L/F = 0.5 uazgaumgilunisuu 60 °C 1 Ju

Series C: ¥nsAnwnaven1siUasunlatnnududuvesansazans NaOH Ju 10, 15 way 20 M

Tnemsfian NS/NaOH = 1:1, L/F = 0.5 wazgaumiilun1suL 60 °C 1 T Tnesharunausaandunnsed 4

A15199 4 dnsrauNanlaglrnuellelndwes [6]

Series L/F NS/NaOH NaOH (M) Curing Temp. (°C)  Na=(NaSE/NaDI)
A 0.50, 0.60, 70.0 1:1 10 60 0:1, 1:0
B 50.0 1:3, 2:3, 1:1,3 :2 10 60 0:1, 1.0
C 50.0 1:1 5,10, 15 60 0:1, 1:0

L/F : Liquid/Fly Ash, Na,SiO5 (NS) : ensazaneluifeudaing, NaOH : ansavansluinsslansenls
NaOH Seawater (NaSE) : ansazanelmisalansenladainimeia,

NaOH Distilled water (NaDI) : ansavanelaienlansonlasainiingu

4. NINAAY
n1snegeuMaenvesdlalndiues vin15nsEuaIee19wIn 50 x 50 x 50 1y, 3 AIaE1we 1Y
918M3Uy 28 Ju lngazvhmsdsuudasawestedeiinasomdsdn 1éud snsdnveanarseiiasey (L/F),
dnsrauasavanslufenddinaseasavarsleieulansenled (NS/NaOH) uazAiaududuvesasazaiy

ldgulansanled (NaOH) innsmadeuiadadanuunsgIu ASTM C109 / CLOIM [7]
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1. Series A
nan1INaaeURdSn3lelndwesaudnsdiunausuandlunisied 4 Tudiuves Series A ¢
WmsAneAigsnannsasunlaisnsaiuresraisieidians (L/F) wiafu 0.50 , 0.60 waz0.70 Tu
NANENIIEIU NaDl = 100% Wiy 442.36, 426.99 uar 393.78 An./m3.9u. mua1du uazlungudnsidu
NaSE = 100% AU 463.89, 431.36 ULaz414.94 Nn./AT.93. AMNEINU WUILINAIAI8AT0Y Series A Hiwald
fanamuAsRsE L/F iiuniu saandunnd 6 waznmit 7 Wesanusinameamaidiuiuiiuin
Auluadrefudnune w/c vesraunin [8-11] Usinamesmardifiuanniuazsiilfinanuanunsalunswe
wndatu Fefluunlduiiaviinnisuensiveswennan waziinnsuasaognaiteddny msiuduvesUsuna
vouvanhlinnuiduduvesdanm uavorgiiuianas demmiasilinmsiaufiseilelnueslseduanas (5
waziilennaeulngldansavarelaiionlonsonlasonimea (NaSE) avnuinmdedaiiafiuduusyana 4-5%
o iandsiuilfiniouanseransledoulensenleddudimein ifeamundussigeninindy daduna
vliaududuresasazaelaioulensonlofamimeia (Nase) feududuiigsniasazaeludelsns
onlasamiingu (NaDl) uazdonnuiduduilfisTuasdudntie AU AAsl#AE Ay Faiilfmsesadan
Wisnnty

Geopolymer (NaDI = 100%) Series A 28 Day Geopolymer (NaSE = 100% ) Series A 28 Day

500.00 - 500.00 —  463.89

442.36

431.36

400.00 400.00 +

300.00 300.00 -+

200.00 200.00 +

Compressive strength (ksc)
Compressive strength (ksc)

100.00 100.00

0.00 0.00

L/F 0.50 L/F 0.60 L/F 0.70 L/F 0.50 L/F 0.60 L/F 0.70

AN 6 LAAINTINANMUAUNUSTEWINAAIDR U AN 7 LEAINSINANUFUNUSTZMINAAIDR U

L/F (NaDI =100 %) L/F (NaSE =100 %)

2. Series B
nan1sNAdeUiawadlelndwesmusnsdiunausanslunsned 4 Tudiuaes Series B 18
MnsEnwAdsannsUasuslassasdiuansarateluionddinadeasazarslaieulansonld
(NS/ NaOH) wi1fiu 0.33, 067, 1.00 wag1.50 Tungusnsndau NaDl = 100% Wiy 397.22, 508.02, 442.36 wax
446.89 nn./as.4u. Mua1eu wazlungudnsidiu NasE = 100% winfiu 445.16, 506.40, 463.89 uazd09.72

AN/AT.93. MUAINU BUILLNVBIN899A M Series B L luuiindwiladnsnain NS/NaOH winduagyinli

'
v v a

ARISALNNEITY UAziladns1dIU NS/NaOH Linduan 0.67 fis 1.50 AdednazilAtanas Asuansluning 8

LALNINT 9 LHpINdRTEINsEIINE SazaneluRsuTAnaneasazaneluneulansenlan (NS/NaOH) flua
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fanisiadlaladluilalndiuas Mnonsdiu NS/NaOH dadeevilvusunamesasaraneleieulansanlan
Tudunauunn Mliiedleladluilelndwesidlearenisunanniu vlimadavedlelndwesanas uasille
951@731 NS/NaOH funniiullardsmanannuduviaivesaiunadlvidanumnilauindy [12] waziilenagaulng

Tdansarvareloieulansenlonainiingia (NaSE) agnuinanwauen1silasunlasvednidssndladsuwlas

o ]

an3au NS/NaOH eildnwagiinaeiungunaaeuildasazaeluneylansanlenainuingu (NaDl) laed

(YY) o

Masgngandzunnaeiulinnnin wilnesaungunaaeuiild NaS=100% asdifdidaniaindt Wenainaiy

U

WUTUALTUIINAS I mELalun1smS suansazane

Geopolymer (NaDIl = 100% ) Series B 28 Day Geopolymer (NaSE = 100% ) Series B 28 Day
600.00 600.00 —
508.02 506.40
500.00 442.36 446.89 500.00 1 445.16 463.89
9 397.22 o 409.72

= 2

< 40000 + < 40000 4
+ <
5, £
c on
5 5

£ 30000 + £ 30000 4
2
2 9
2 2

¢ 20000 + 720000 +
Q =
5 £

O 10000 + S 10000 +

0.00 0.00

Ns/Na 0.33 Ns/Na 0.67 Ns/Na 1.00 Ns/Na 1.50 Ns/Na 0.33 Ns/Na 0.67 Ns/Na 1.00 Ns/Na 1.50

2NN 8 LAAINTINANFUNUTTENINIAEI0R NU AN 9 LAAINITINAUFUNUSTENININAIDA NU

NS/NaOH (NaDI = 100%) NS/NaOH (NaSE = 100%)

3. Series C
nanIsMageurdwailelndiesausnsdiunausuanslunisned 4 Tudiuves Series C 8
Wunswasuwasaanududuresasavarelaioulonsenles Inedauvindu 5, 10 waz15s luans Tungy
g931d9u NaDl = 100% i1y 306.91, 442.36 Uar365.52 Nn./n5.93. Aua 16y wazlungudnsidiu
NaSE = 100% Wiy 452.71, 463.89 ua¥a31.36 Nn./nT. o8, AMMEIRU Tarindssngsanegi armidudy

Wi 10 Tuans aguanslunind 10 waznnd 11 Kasnnsnadaumddanuinasazansludeulansanland

X a1 a0

Hasor1iddn lngansazansleieulansenledvimtvedinwagergiiuniiluedugiuainiiuenveaii

a aaa a

apgoanuniudosu wasiinujisend

Tolndwelswduinnisnamiduaadneuniadasedinieny 39

q

saa DY

ansazanglufeulansenleandanududugarainsovedang wavezgiuniiu edngiueanuilad uavihli

drunandlalndiesinuvilngs uasmasiuuvdsldenn anudutuasasanglufeulansonlynlunzay

@

agluga 5-10 Tuans [3, 5] uavillenaaeulagldarsavarslafeulansanladainimeia (NaSE) aswudn fas

v
o

adAninvuluyndunsduanuduty esnanudutuiginitvesasaraelyioulansenlenainun

neia (NaSE) Faelinisiinuisendlelndwelswdulaft @y elaaenndesiungunnegau Series A uaz

I o v v a

Series B luduvas NaSE=100% 3¢ilA1i&18aandn NaDI=100% Uszanad 4-5%
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Geopolymer (NaDI = 100% ) Series C 28 Day Geopolymer (NaSE = 100%) Series C 28 Day

500.00 — 500.00 — 463.89
452.71
442.36 431.36

400.00 400.00 +

300.00

300.00 +

200.00 200.00 4

Compressive strength (ksc)
Compressive strength (ksc)

100.00 100.00 -

0.00 0.00

5M 10M 15M 5M oM 15M
AN 10 LAAINTINANUFUNUSTENINIAAISA AU AT 11 LanInsINANLFURNUSTENINIMAID R U

AMUINTUYDS NaOH (NaDI = 100%) AMUIUTUYDS NaOH (NaSE = 100%)

dyunanivagau

=

INASANYIVRINANSENUYRIaIsazanslafaulansenlannani e lan a8 nuosd lalndiues

v
Yo A

aunsaasulansiiae

1. nanaaau Series A WasukUasensd@iu L/F 370 0.5 019 0.7 Wuakilaonsidiu L/F LuIuayinbi

[

Mdsdndimanas Famansmageumasdngaainiudnsd L/F=0.50 lngldasazaneluiewlansenledain

Wmegla (NaSE)=100% MABAMNTY 463.89 nn./ns.au. Falidsdniigenindednldasazanelasionlans
anlefiantinau (NaDI)=100% Liissantioevintu 442.36 nn./ns.au.

2. WanAdoy Series B 1UABULUAISATIEIU NS/NaOH 270 0.33 54 0.67 nuinilesnsidiu NS/NaOH

v U a Y N =

WiNTUAgyI I Asdning iy uaziliednsndiu NS/NaOH Wiiuduain 0.67 fis 1.50 Masdnagienanas Jaua

'
1A

nMsnadeUfidsngeanagisnsnd@an NS/NaOH=0.67 @9 NaDI=100% (508.02 nn./n5.44.) uAf1d8ngenin
NaSE=100% (506.40 nn./n3.44.) iigaanioy

3. uanINAABY Series C IWaBuwWasdduvesasaraelaidoulansenladan 5 fs 15 luans
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