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ABSTRACT

This research aims to study the chloride binding capacity of cement pastes with Mae Moh
fly ash and fly ash from Rayong (BLCP Hunter fly ash and BLCP Hunter Malavan fly ash) and use
Portland cement type | as main cementitious materials. The water to binder ratios were 0.40 and
0.50. The replacement ratios of fly ash to binder were 0.30 and 0.50. The specimen was cured in
water for 28 and 91 days and then submerged in salt water of 5.0% chloride concentration for 91
days. After that, specimen was pressed in order to get pore solution of cement pastes to determine
the chloride content. In addition, pore structure of cement pastes was investigated by Mercury
Intrusion Porosimetry (MIP) method. The water to binder ratios were 0.40 and 0.50. The
replacement ratios of fly ash to binder were 0.30 and 0.50. The specimen was cured in water for 28
and 91 days. Then, the average pore diameter and total porosity of cement paste was determined.
Moreover, the compressive strength of cement pastes at water to binder ratios of 0.40 and 0.50 were
investigated. The replacement ratios of fly ash to binder were 0.30 and 0.50. The specimen was
cured in water for 28 and 91 days.

From the experimental results, it was found that cement paste with longer curing period has
higher chloride binding capacity. But, cement paste with higher water to binder ratio and fly ash to
results in lower chloride binding capacity. The highest chloride binding capacity of cement paste is
from cement paste with BLCP Hunter fly ash. For the pore structure of cement pastes, it was found
that longer curing period of cement pastes results in lower average pore diameter and total porosity.
Cement pastes with higher water to binder ratio have higher average pore diameter and total
porosity. When fly ash to binder ratio increases, average pore diameter and total porosity of cement
paste decrease. The smallest average pore diameter of cement paste is from BLCP Hunter fly ash.
For the compressive strength of cement paste, it was found that the water to binder ratio and the
replacement ratio of fly ash to binder increase, the compressive strength decreases. Furthermore,
when the curing period is longer, the compressive strength of cement paste increases. Finally, the
relationship of experimental results showed that when the compressive strength increases, the

chloride binding capacity increases and the average pore diameter and total porosity decrease.
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Chorides penetrate into concrete
with the help of surface moisture
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Types of Chloride in Concrete
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Quantity
Composition of seawater

(ppm)
Sodium chloride 27,000
Magnesium chloride 3,200
Magnesium sulfate 2,200
Calcium sulfate 1,100
Calcium chloride 500
Total dissolved salts 34,000
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3.1 Fagililumsnaaes

3.1.1 ﬂ“u%muﬁ (Cement)

507 31 uaasudwuddesauauddsziani 1 FuduuSuuddesanaudsssua
(Ordinary Portland cement, OPC) oz A auiamuuATJIUNTZNT 1A IMATTH UON.15-2555 1T
faqilszanuvdnlunsndedesadmudimadildlunmmanesmanuaunsaitusnaas lsduas
TassadeInssgesinvesdmudmad Tasyjudmuaiiosdlsznoumaniivazgauauiianianienin
Fuanslumaed 3.1 wag 3.2 MudIR wazuaeymAmasuesuFuuduas matanuenlSina
vosvaeymaudimudiaad 1303l 3.5 uag 3.6 md ey

3.1.2 16haed (Fly ash)

iBave (Fly ash, FA) fuaauamiimIunanase1@hinannmarnaniiululsaunda
nszua'lilih vaziuSantesTaauiitonldfussraumsnats Tumsnageuluadail 1814 5anos
Toau 3 wia 18un iravouiinefuaaalugzii 3.2 i$1a085009 BLCP-Hunter uaaalugilii 3.3
118218129852 804 BLCP-Hunter Malavan Ll’c’fﬂﬂﬁlugﬂ‘ﬁ 34

Tavs1waziBenessszneumanaiiiazguauiiamameninveudiassuaasl3lumssd 3.1
oz 3.2 MUBIGY tazvAeyMAmABveadIaesazMIINLIT MV NINAB UMM a0Y

uaae 13 lugali 3.5 naz 3.6 mudidy

_ududuosanaualstinn

{

el

51 3.1 Jududesauaudszian 1

U
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517 3.2 1d1@ee1itnz (Mae Moh fly ash, FAMM)

517 3.3 18100832809 BLCP-Hunter (BLCP Hunter fly ash, FAH)

bl 19 3.4 181av832899 BLCP-Hunter Malavan (BLCP Hunter Malavan fly ash, FAHM)
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AN 3.1 mﬂﬂszﬂaummﬂmmﬂ_uwmumammaaEJ

Chemical Mae Moh fly ash BLCP fly ash
Compositions (%) ore (FAMM) FAH FAHM
SiO, 19.87 394 65.15 61.64
ALO, 4.87 17.93 22.06 21.86
Fe,O, 3.55 12.92 4.17 5.85
CaO 65.03 19.19 1.25 2.13
MgO 2.52 2.99 0.68 1.47
SO, 0.73 3.03 0.18 0.24
Na,O 0.02 1.36 0.02 0.02
K,0 0.45 2.50 1.09 I.11
TiO, 0.26 0.34 1.00 0.97
P,0, 0.07 0.20 0.35 0.33
LOI 2.26 0.17 3.78 4.09
M3197 3.2 gaeAanemenmvesuSwuduazidiaos
Physical Mae Moh fly ash BLCP fly ash
OPC
properties (FAMM) FAH FAHM
Specific gravity 3.10 2.29 2.24 2.23
Blaine’s fineness (cmz/g) 3,350 2,836 2,860 3,030
Loss on ignition (%) 2.26 0.14 3.78 4.09
Normal consistency (%) 24.3 22.2 25.4 25.5
Initial setting time (minute) 108.9 140.0 147.3 148.4
Final setting time
130.0 175.0 171.5 180.0
(minute)
Flow test (%) 112.0 114.6 112.2 112.6
Water requirement (%) 49.5 46.7 50.0 50.7
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FA MM
gﬂﬁ 3.5 mmﬂmgmﬂm?iwm%muﬁuamﬁﬁaﬂﬂ
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i /) orc
o 40 . ™\
% 30 7\ 1/ A — — FA-MM
g 30 SRR/ St \
3 50 /aa\ \\ FA-H
S T [\ \\
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0.01 0.1 1 10 100 1000

Particle Diameter (micron)

A a ~ 4 v
?jlh/l 3.6 mimmmﬂimmﬁuﬂwmﬂaumﬂmuu@uaxgma’aﬂ

v
3.1.3 11 (Water)
v 1 Y
Wl luminaaesldinlszihludeclfidansneunsauaz Yaq uminerdoysm

A I'd
3.1.4 1naonan 15a

Qo’

naenaslsdanl¥lumsnaaes flunde Indvunaslsd (Sodium chloride) TnNuUTANT

99.9%
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3.2 gunsainaznsniinldlunsnaaes
[ [ o = 4 4
3.2.1 MInaasaaNuanIanusnaas lsavesduudmad
3.2.1.1 gUnsalnlFlumsnaanes
4
1) nuuvaeFudedanaaey yadurugUIna1s 50 Taawas uazwul 10 Taamas A9
31N 3.7
A ~ o s .
2) INTOINANHNUNNTA (Cement paste mixer)
4
3) NAVINAAANUTIPFUAIDIWINATOL
4) yaginsalinTeauna fagili 3.8
A 4 d o aa o A

5) 1NTRIFNNNINIVVATAOA A931/9 3.9

6) 15304 Auto titration 31 721 NET titrino metrohm HAZIATOINIUININAD A93101 3.10

7) qounnuiou aegli 3.11

8) 1NTRINATIUAIDE fagili 3.12

3.2.1.2 aaninlFluminaass

1) MTazmeIATIIU 0.05 M Tsideunaslse (Sodium chloride)

2) MFAZAWINATIIU 0.05 M FarIes 1uasn (Silver nitrate)

Y v
3) WInau

1 E4
51U 3.7 LLUUWQ@‘BHGT’J@EJN‘V]@ﬁ’f]‘]Jﬂ’J'liJﬁ'lll'liﬂLﬁUﬁﬂﬂa@vliﬁ

L)
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717 3.9 nFesruimiinuuuATaoa (Digital balance)

3

s T
| -

.10 17394 Auto titration HAZIATBINIULUINARD
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= A Ao
51U 3.12 1n50InATUA0YN

QU

3.2.2 minaaedlnssad e Inssresinuesdnudmaddiois Mip
3221 guUmIsiilFlumsnaaes
1) HUUNEBAIBEIINTIGNNARYLIA 50x50x50 Tadinas Hagiln 3.13
& = 7 4 .
2) INTOINTNFNUALNT A (Cement paste mixer)
3) inTeanaaonInsaad 19 Ing1¥e9319A2035 MIP g1l 3.14

A s o =~
4) i Inslnes (Penetrometer) ﬂﬂgﬂ‘ﬂ 3.15
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7U7 3.13 HUUHARAIBEINUUIA 50x50x50 HAANAT

:!' a J
519 3.15 wuu Insiwes (Penetrometer)

L)

3222 msainlFlumsnaass
1 sen

2) M lulasiou
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3.2.3 M3NAa0d 1n59a319 N7 9¥0919V 0B UANAAA835 BET
323.1 gUnsalilFlumsnaaes
1) uuuwdaﬁaﬂEinmqgﬂmﬁﬁmum 50X50%X50 Haatuag gﬂﬁ 3.13
2) m?mwau&?muﬁmaﬁ (Cement paste mixer)
3) LaiE)EJ
4) ATNAUVAAIDENINATDL
5) inFeanadenTasaed1aInseTeainede3s BET fagulii 3.16
6) HaBANAAOUAIDE (Tube) gﬂﬁ 3.17

1 g Y [
7) wsosaihmiinuuuaziven (naton 4 Aumnue) Az 3.18

NOVA 1200

A A Y 1 J Y as
?j‘].h/l 3.16 LﬂifN“I/Iﬂ’d@‘UIﬂiQﬁiNIWiQ‘HﬂQ’JNﬂ’Jﬂ’Jﬁ BET

317 3.17 iaeanadoUAIDE13 (Tube)
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717 3.19 1n50anadoUMAI0n
33.3.2 maainldlunminaasy
D Tulasuman

2) maluTasou

3.3.4 MINAAIMAIBAVIFUSNEA
33.4.1 gunsainlslumsnanes
1) HULYaeRI8619NTINIRTILIA 50x50x50 Taaas Aegiii 3.13
& = 7 4 .
2) INTOINTNFNUALNT A (Cement paste mixer)

3) 1n50aNAREUMAWA Ag1A 3.19
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A 1 ~ J J
AT NN 3.3 TIUNTUUDIFLNUANT S

Fly ash Water to
Mix designation Fly ash type
(% replacement) binder ratio
C100W40 - - 0.40
C100W50 - - 0.50
C70FA-MM30W40 Mae Moh 30 0.40
C70FA-MM30W50 Mae Moh 30 0.50
C50FA-MM50W40 Mae Moh 50 0.40
C50FA-MMS50W50 Mae Moh 50 0.50
C70FA-H30W40 Hunter 30 0.40
C70FA-H30W50 Hunter 30 0.50
C50FA-H50W40 Hunter 50 0.40
C50FA-H50W50 Hunter 50 0.50
C70FA-HM30W40 Hunter Malawan 30 0.40
C70FA-HM30W50 Hunter Malawan 30 0.50
C50FA-HM50W40 Hunter Malawan 50 0.40
C50FA-HM50W50 Hunter Malawan 50 0.50
NI : mm‘wmammﬁ’tyﬁﬂynﬂuudazé’miwdauwauﬁmmﬁmaﬁqi{
“0.30, 0.50” winesa  USnaesnauiiniléZesas 30 uay 0.50 Tﬂﬂﬁymﬁﬂ%a@ﬂizam
“W40, W50” TGN 'ej”m1dau1i’i”wiaf°jaaﬂﬁzmuwhﬁ’u 0.40 1az 0.50
AUAIAL

fegemssudadnual

= ~ s g ¥ ~ IY v v ' v
“C70FA-MM30W40” 18l CBL?JNC‘ILW?(C‘I“V]%H‘IJH%LNH@‘J@EJQ% 70 Glmmaaﬂummzﬁ@ﬂaz 30 Tﬂﬂ

U

Y
31103 nagiivasiarnnihve daqilss e 0.40
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3.3 35imsnaasa
3 @ o =\ 4 4
3.3.1 MINAABIANUANITNUAUANAAD 1TAVDITUUAIN A
3.3.1.1 MINTIUAIDET
viaededFmudinad Taollvuaduiugudnais 50 Taawas uagyuul 10 Taawas ¢
v v ] Y
510 320 dadruwavinldlumsnaaovuaadldluaisan 3.4 udazdrodialisiuau 13 ¥u

L)

a oo
J1YATLDYAAIU

] Y
1) Sudmadnlfjududlesanaualszian 1 196as1dmhaeTaquszaiu 0.40 uag
v v
0.50 ¥ lugluniniluszeznat 28 uaz 91 u udnir lurdeluiundenas lsawudu 5% 1Wunan
91 Ju udr3uh lnaasy

' Y
2) Huuamadan1Fudualesauauaszinon 1 Msas1dniveTaalszaiu 0.40 nay

Yo 1 Ao k2 Y ] A o 1
0.50 I¥das1drumsunuiiaglszaudiadiassszoeainng (FAMM) 71 0.30 tag 0.50 11 Taualu
oy < @ o 1 oy J < @
Hntluszeza 28 ag 91 u ué’am'lﬂmmﬂiummﬁaﬂaallimsﬁlwffu 5% 11181 91 u LL'L%J’J%Q

Mlinaaen
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] Y
3) Fwudmadnlijudwudlosauaudiszian 1 198as1dunihdeaglsyaiu 0.40 uag
Yo ' Ao Y] Y] A o
0.50 1¥dasrdrumsununiagiszarmudrodiaosszees BLCP Hunter (FAH) 11 0.30 wag 0.50 11l
[} 3’ I [ o (Bl 3’ 1] Y]
ulusiuduszezinan 28 uaz 91 Ju udnililusaeluiundonas lsdtudu 5% Wunar 91 Ju 1an
Fah linaeaen
¢ P a P P o \ T
4) Fuudmaanld)udinudlesauaudlszian 1 19asidruiveJaquszain 0.40 uaz
0.50 1¥6as1aumsununiaquszeudlediaoeszoes BLCP Hunter Malavan (FAHM) 7 0.30 1az
o . 2 g o o .. 2 P &
0.50 11 Turlnnindluszezinal 28 vaz 91 Su udnir luras liniundenas lsadudu 5% wuman
91 Ju udr3uh luneasy
< A a P a J ~ 5 ¢
3.3.1.2 manuasazaieluInsunenlnanas lsauazmsmlsuanh luduudmas
Y v 9
naannusluiunaenas lsaduty 5% asuMmruaTzeznaNmHua 9211919108191
2 Y 9y oA o Yo 1 9w A o a v o o v J o A4
adefmionszapdise Tiaedsegludnuazoudaiuds miniuziih llvuihmindrenioeds
: o aa A é o 3 @ I LY 1 o g’ A o A a
Wminuuuadaea 317 3.9 Famsvaiminezueniludlredisdua 3 su e l)oufiguungil
=1 I @ 3 ) o a g’ ~
szaar 100 erusaFemiumal 1 54 mniuduiundnamisnanih luGmudimead (Water
o 1 2 o g ) a A I ] 1 g
content) 14a#708199n911IU 10 U 3231 Tlnaduienuasazareaieludiedrs ihnielu) 1
v v Y
Anszimiumnnelsdoase (Free chloride) 31/i 3.22 wagthasazarefusdied1n (hatouen)

a o a Jg .
PUAIIEMUTanae lsdnaua (Total chloride)

A A A g ' ' = 4 4
i‘lJ‘V] 3.22 fﬂiﬂﬂllllL‘W’f]Lﬂ‘]Jﬁ‘ﬁﬁﬁ%ﬁ1fJ“lﬂﬂT‘Wi\i‘lf'fN’JNﬂWfJ(lu"lﬂiJumWﬁﬁ

U
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3111 3.24 M3 lawsnTaeiaTe9 Auto titration
a J
3.3.1.3 msunlSuanaelsd
o A g Y = @ 1 g’ A A 1o ' o’l
Marsazarenny ldanmsnadiudiegrs (arelu) vSearsazarenusdledia (10
Aa aa 1 4 a aa o o o’l @ M
Meouen) sonulszuia 2 Haaaas laluiinmesvuia 250 Tadans W ldvaimin (Funme
d e d A PN & A = y ~ S a o o
Wiminidundenae lsamin Tasseazideada 0.01 05y 30 3.23 sndwhwuduinauasly
Uszina 150 Hadans ud1i1ms lamsnAoinT o9 auto titration 931 3.24 WuiinalSunaemsazaie
Faros luasnnld s2ulUdeSnanaslsa
Y ] 1 a o <Y ax
3.3.2 MINAD0IIATIAT 19 INT 90 IIVBIFUUANTAA 187D MIP
3.3.2.1 MIAIIUAI0E1
(Y [} = o 4 o Aa A [V A o [l Aq ¥
NADAIDINTFIUUANTANTIGNUIANYUIA 50x50x50 Haamas Adg1a 3.25 dadrumdunly
H 1 @ 1 o Q’I ] oy 3
lumsnageunand 13 luas1an 3.4 udazdegaiiiuau 3 Fu wazurhninlszailunar 28 uag 91
Ju gl 3.26 Wensusmuaszeznal whwedudalitvuanemnz fumu Insiimes Tae

wimduiiluununaavesdiedimssgnuiad udni lewiunanlszina 24 $1Tus fag1ii 3.27
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Z‘IJ‘VI 3.25 W'J'E']EJ'N"’IﬂZJumWﬁWVISQQﬂ]J'Iﬁﬂ

o ]

::' o A 7 s P
?jlh/l 3.27 AIDYWHUUAUNTANAALQASNIUNITO UL
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51% 3.29 uu TnsfimesArumidatlsonudn
3.3.2.2 MINAgol
v Y Y
1) Fuiminuedieds uazihntinvouwu Inslmes
1o 1 a s a J c?: o
2) lddedsaslumuinsiimes niondsznovgamuInsimes miniuilihlsgnowdn
AUIAG090AANAUAT (Low pressure) 3171 3.28
o a 4 A o e ' . Y =X ' Y
3) 1iM3gaeIMAeanINMIL INIHNOT IUNANVAUAINTT 50 psi ta391ldeeilsondnly
a s A o Py A4 o W Y v =R 9 o
i Tnsiimes muanuanveslsened s Taomiossauna lulasou nieutiufindoyannuau
A9 auANuA I 24-25 psi. Lozl TuANUANEANUAUUITIIMA G931 3.29
o a J o 1 { g 4 @ @ o g’ o
4) fwuInsiiwes lUsgneutudruiiuniosdannudugs udrdalsendaoiiu

UDIAWAY 30,000-33,000 psi Wi ouTiuindoyanuaunazilsinasvesilson
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3.3.3 MINAa0d1nTaa e NI I¥e9 VeI ENUANAAA875 BET

3.3.3.1 MIATONAIDE1

naefIBtNFIUAMAGNIIgINATULIA 50X50X50 Tadmas Aagilil 3.24 daunauiild
managounaad3lua1sei 3.4 udazdresradinmm 3 3u ulninlszaunm 28 uaz 91 Fu 9
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