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ASST. PROF. DR. THEERAWAT SINSIRI : UTILIZATION OF
NATURAL POZZOLANS AS CEMENTTITIOUS MATERIALS.
RESEARCH ADVISOR : PROF. DR. PRINYA CHINDAPRASIRT,

167 PP.

NATURAL POZZOLAN / DIATOMITE / PERLITE / ZELITE / PALM OIL FUEL
ASH/ LIGHTWEIGHT CONCRETE / GEOPLOLYMER MORTARS / SOLIDIFIED

WASTES / LEACHING OF HEAVY METALS / TCLP / POROSITY

This aims of paper are to investigate the utilization of natural pozzolans as
cementitious materials. The mix proportions used in the study were designed in 4
series. In series 1, this study presented the usage of perlite in lightweight concrete.
The perlite in this study is perlite type Ill, is a type of mineralogical material
containing large quantities of reactive SiO,and Al,Os3, small particles, high porosity
and lightweight. In the study, used the perlite to replace sand and cement at ratio of 0,
10, 20, 30, 40 and 50% by weight of binder. Comparison of the compressive strength
and density of perlite mortar was performed with control mortar at in range of 105 to
115 %.

In series 2, this study presented workability and compressive strength of fly
ash based of geopolymer mortar containing diatomite as binder replacement at the
rates of 0, 60, 80, and 100% by weight. Sodium silicate (Na,SiO3) and sodium
hydroxide (NaOH) solutions were mixed together and then used as a liquid portion in
the mixture in order to activate the geopolymerization. The ratios between Na,SiO;

and NaOH were varied, namesly, 0.5, 1.0, 1.5, 2.0, and 2.5 by weight whereas the



ratios between liquid binder of 0.40, 0.50, 0.60, and 0.70 by weight were varied. The
additional water was added to improve the workability of fresh geopolymer mortar.
The ratios between additional water and binder were varied, that is to say, 0, 3, 6, 9,
12, and 15% by weight. In additional, the NaOH concentration of 5M, 10M, 15M, and
20M were also used as variables. Each mixture was separated and cured in the oven at
the temperature of 60°C, 75°C, and 90°C for 24 h. Flowability of all fresh geopolymer
mortars were investigated and the compressive strength test was applied at the ages of
7,14, and 28 days.

In series 3, the property of solidified wastes using OPC containing
synthesized zeolite (SZ) and natural zeolite (NZ) as binders. Zeolites were used to
partially replace OPC the rate of 0, 20, and 40% by weight. The plating sludge was
used as contaminated waste to replace binder at the rate of 40, 50 and 60% by weight.
The water to binder (w/b) ratio of 0.40 was used for all mixes. Setting time and
compressive strength of solidified wastes were tested and leachability of heavy metals
were determined by TCLP. In addition, XRD, XRF, SEM of fractured surface and
pore size distribution by MIP were investigated.

Finally in series 4, This study presents the effect of palm oil fuel ash
fineness on microstructure of blended cement paste. Palm oil fuel ash (POA) was
ground by ball mill with 2 types of different finenesses. Ordinary Portland cement
(OPC) was partially replaced with ground palm oil fuel ash at the rate of 20% and
40% by weight of binder. The water to binder ratio (w/b) of 0.35 was used for all
mixes. The amorphous of ground palm oil fuel ash by Rietveld method, compressive
strength, thermogravimetric analysis, pore size distribution of blended cement paste

were investigated.



The results in series 1 revealed that the perlite specific gravity was 0.50, the
increasing quantity of perlite were direct effected to increase setting time and decrease
compressive strength. The use of perlite of 50% cement replacement at 28 days
obtained compressive strength and density were 101 kg/m? and 1,460 kg/m®
respectively. And using perlite of 50% sand replacement gave the compressive
strength and density were 59 kg/m? and 990 kg/m?® respectively.

Test results in series 2 revealed that the mixture having Na,SiO3/NaOH of
1.5-2.5, 15M of NaOH concentration, and 75°C of curing temperature showed
compressive strength between 223-939 kg/m? which high enough for using as normal
strength concrete. Moreover, additional water could improve the workability of fresh
geopolymer mortar, however, the compressive strength reduction could be observed.
Additionally, the compressive strength of geopolymer mortar increased obviously at
early age, however, at the later age it was slightly increased for some mixtures.
Furthermore, the replacement of diatomite at the rate of 60 and 80% by weight were
well suited for both compressive strength and workability.

Test results in series 3 indicated that the compressive strength of all
solidified wastes made with 40, 50 and 60% by weight of plating sludge was
decreased as compared to those samples without the wastes. TCLP results showed
that concentration of heavy metals in leachates weren’t exceeded the limit specified
by US.EPA. SEM and MIP results revealed that the solidified wastes became denser
and the replacement of Portland cement by zeolite increased the total porosity but
decreased the average pore size.

Finally in series 4, Test results indicated that the ground palm oil fuel ash

was amorphous silica material. The compressive strengths of cement paste containing



POA fineness were as high as that of OPC cement paste. Paste containing 20% of
POA with high fineness had the lowest total porosity. Ca(OH2) contents of cement
paste containing POA decreased with the increasing replacement of POA and was
lower than that of the OPC cement paste. In addition, fineness of POA had an effect
on the reduction rate of Ca(OH2). Furthermore, the critical pore size and average pore

of cement paste containing POA was lower than the OPC cement paste.
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Faauv1INNaauAuENNIAY #aA TAgIAIKTEIVIIAIUNUMNUHATAT WA N
Y = - A = . A o D) ) =
HuIIWAILNvIARYMALABsZIal 1 89 2 micron AWV T lILRABINITANNEY
1 A o A9 o o A a Y o Y I @ A = 1o
Fuiien viedesmsmaings auvnldgnihunlailuiaguaunyluaeuniauinniniun

= o

{ y 1 A %} Y]
pnuifudnud Taowa llvelamiuluiBunadesay 10 vesrhwinudmud

M3190 2.5 guauiaveudiaoonazloslaIusisuma auNIATgIL ASTM C 618 (1991)

Class F
. un 3 a
idhaoe Fallguaiiaiiulesleariia
Class C
Y 2 A ] a @ = 4
ey FanguauaiulesTesartia vagdaaiszaiulugmua
Class N

Yoa Tyausssumangnnvielanyuzne1y Usznouaie :
Diatomaceous Earths (diatomite)

Opaline Cherts 112 AUATY

Y

Tuffs LA 1D
9

ALK TIUNT

g Il videnil law
AUV LAZAUAIY
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[ (%

a ° o <
ﬁﬂﬂamicﬁmumﬂ‘ﬁiimﬁlﬂﬁgﬂmuuﬂiﬂﬁlmmgm ASTM C 618 Tﬂslmuumﬂu’mﬂ

a

a

@ A : o J a @
Yoas Tya1u Class N a9a15197 2.6 F9 lamvuanasilumsinsanidgdos laaiusssuma
U { a J wa (% @
ﬁ'JUG]']i'N‘ﬁ 2.7 mewammmﬁzw1/1NmTJuazﬂmﬁnmmamﬁ@ﬂamicﬁmu UASITR
4 A A o 4
Yo Tamudu 9 Moo QUNUT FYUIUUA, 2550)
A a 4 = wa o Y @ < aa

A1TNN 2.6 NTUATICHNNUAY Llﬁgﬂmﬁﬂﬂﬁﬂﬂiﬂmﬂ%ﬂ'm@ﬂ ASNIUAIDYIUYIAN Gvamv\l"m

a a [ J
AUANUNULALAUVTY (AUNUT FYNIUUN, 2550)

q

a

Usunaasdsznou (%)
msisznou i$aee | Waee | aznsu | Fam | Aueu LR
Class F | Class C Ua WuiJ LW
Si0O, 52 35 35 90 50 53
ALO, 23 18 12 0.4 20 43
Fe,0, 11 6 1 0.4 8 0.5
CaO 5 21 40 1.6 8 0.1
SO, 0.8 4.1 9 0.4 0.4 0.1
Na,O, 1.0 5.8 0.3 0.5 - 0.05
K,0 2.0 0.7 0.4 2.2 - 0.4
Total Na (eq. Alk) 2.2 6.3 0.6 1.9 - 0.3
Loss On Ignition (LOI) 2.8 0.5 1.0 3.0 3.0 0.7
Blaine Fineness, cm’/ g 4,200 4,200 4,000 200,000 7,300 190,000
Relative Density 2.38 2.65 2.94 2.40 2.63 2.50

A o A ] I o Y 3 v a
werhau lliunszurumswnnansaihinldaihizglos Taamsssumnaluauy
1 1 @ . [ 4 1 Aa
nod3 19 MUY 9915189109 JUNU FYNIUUA (2550) WU AuEIEINIToEW 19
{ o J o y ] 1 4 ] 2
pnudfuduaudiy Taem llegldunuilugdsznuszning 1s 89 35% sy
anumumuasasazatedala aruaulfnsersznitedan lanuniaiiy azaaninig
= 1 ’J a =\ 1 o = =~ =) Y as
FUAIUVDIUT AWEITANVANT UMY 218 2.40 DI 2.61 HAZUANVAZIDEAAIBITIIAY
Y3231 6,500 D4 13,500 cm’/g FIUAUAUENLUTMBLALTEN 5 D9 10% FeaaaiFeuiil
1 o Y o d a va 3 @ A < a A 4 .
agi I Taginiiquaniaiuiagilszarunioiuleasofndiuua (hydraulic  cement)
@ A 2 = J g 1 4 a =
Tugnes esnndSuavesmnuaa@ounisvemaium luauysol tagauaiumi

a sol 3 a 1 o YA ~ aol o A
'lJim'mTaJl,aQauﬂumﬂﬂuﬁzﬁuﬂq%Wlﬂwumqaﬂuaamwuﬂmmmﬂmitm (Loss On
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.. ! £ A a0 = v ) v A "W Y
Ignition, LOI) ABUY19NIN Ap UA1 LOT Uszanas 1 94 5% Taa LOI dmsuauaiuwlula
o A [ = k)
tanalTunamsueuriouNUNTalvD U 1A
a v = A o a 9 1
nnuIvelueaaluiEeavesnisiterles lsa1usssusau l¥ luarunauves
ADUN3IAUDI Shannag and Shania (2003) NFANEIANUAUMUTARVEIAOUNTATUTTOUL
(sulfates resistant of high-performance concrete, HPC) 1a8'la3in1500nuuuaIunanved HPC
o ] LY [ 4 4 1 [ A A
TIUIU 5 FIUNEN HAWTAIPEUIAS Tuan 1z UL 9 laun TuaisazatouuniiFou
FaiWa (magnesium sulfates, MgSO,) tiaza1sazals Jaasnsane (sodium sulfates, NaSO,) 9
=} 1 % g =
ANV VY 20% uazdurSeumeunisusluiimeia 91nnzauad (Red Sea) 11IANLIAAAT
y : . o 2
(Dead Sea) taz1sisua lTaslunaazaning 1diiminaaosnuaIunauyss HPC N4 5
FIUATY HAZTINTNATOUMEIDA  91AN1TIT81dNUI W nusaIpganaaoylu
4 9OI d’ 1 = an
arazaegamlanaz luiimzanan1Izae o nounTANaNEaMYY 15% tazaistow Train
N = Y o 9 a o ] ~ Aan
5ITUIA 15% Banuawsalumsdumudamaldgeaiga dmsu HPC Anausanivy
Y
wazasos Teausssuma nanumuzaundlumumdiauazanunumu Iaguuziin
1 ldnuaounialunugaamnssundesnsmauazANunuNIUge @21 HPC Atlimng

J I o A g’/ =\ ' @ g o
141!ﬂﬂiﬂuﬁuﬂ%muﬂ‘ﬁiﬁ‘uﬂWﬂi%Lﬂ“Vl“VI 1 Yy Ianunumuasgamataziiimza

Pekmezci and Akyz (2004) l@vins@nsinansznuvestsuaes Toarusssuma
Ao o = ~ & \ Y o ' =
Nieenaunsn ANYIIAINISNATOUABUNIANINNA 15 di1undy lasl¥aled19naunsa

A A ~ o 3 Yo ' A =
AuANANUSIIRFIUA 300, 350 uaz 400 kg/m' uazldaaudasdiumauiieodnun

4 I

nfFeuieuTagaatSunadmudauilu 250, 300 wag 350 kg/m’ vpeneunsanIuAY Loyl
A a { 4 1
mnfSnades Taausssunan Tdunuiy udmud 40, 50, 75 uaz 100 kg/m’ waglanumn

mamudSuaasdes Tsarusssusianuinnu Iz danari ldaidididavesnsuninan

v
v o ) =

aras Bams I luSunanmunzauigaie 19 Idhdsdavesneuninigeiga uaz Pekmezci

v
A AaA

v J 1L 1 {
(2004) Sawudna lunsainfimsasdSua)udmud ludruway udrumundrolos Tva

v o ~

Y 1
FITUBIONUU mwaﬁﬂﬁ’ﬁmq@ﬂmmﬂauﬂmﬁmaﬂmwuﬂu 19199910 o% Tya1usITNIA
(=) o I = J L. . 3 A v A [
ﬂuuﬂmauumiumnﬂumwmm (cementitious material) LLE]%L‘]J‘LJ‘VWI?T]Jﬂuﬂﬂguﬂ]iﬂﬁﬁ

a o aan @ S a a Aaan
doxTaausssumavziinlgnsenunaaidon loason lad Funavinnaanaveslfnsen

! ~ A

1 v Y
lowassu oldUSuiasiuuanldludiunauaounIainay szaana it u

aly v A

=~ s A 2 ' ) A 1 <
uparreulaason loamuvsuny luasaitididesnsmvlsuados Tvauluaiunaun
v Y v
ATz admua lunuudle 3azdenai 1 ns 1S nales Team ludSuan

= a A 9 d‘ (% 1 1 1 . d‘
3J1ﬂ11ﬂ3$ﬁ‘ﬂ‘ﬁﬂ']wulﬂ TaeNoaI1dIUTZHIN Pozzolan A Cement, (P/C) ratio N 0.28 (MU AW

td' td' o I Y = d’d ' o o o d' td'
nganii i ldneunianiimmassanginge

U
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2.3 laozaonlumn

. I A = < = v aa o
lanzaow (diatom) Wlunwwaa@eIvHIA@NLIn YR udFan1lsenune 119
a 1 %’ 9 a o %’ % = g}/ v = . =
¥iianeuld vertiaedenszuatiian ) Hvuiadaua 2 94 2,000 micron eumﬂclwq‘m
Y ' %’ o 3’, %’ A So' < A A A I aa
Yo wuluunanidlannalivavaziiuay tielaezasuaisautldenniluganszan
g v o & a & v A &
WUAZNOUFLAUAUTIUIUNHIAIAVUNUNIANTONUNS AT 1Y um“lumqmzﬂmmﬂu
4 . . A A = i &£ 1 a . A o
lanzaounlun (diatomite) ©I9L39NDNDYINNUIIT AULUN (diatomaceous earth) INIITUANHUY
I a a [ I a 49} A o k) 4 =1
Fuau navnanleszaenlunvatozaoy L‘ﬂ‘uﬂu“}g’ﬂ W IUBWTU NanBazAAIg¥oan U
Aann 4 9 I ) 9 1 4 @ 1 % 1T Aa
ﬂ;]ﬂimﬁmm waziudrhanudeuinmn laszasuluviazlidnyazaig S NU AUUATUA

vo4laozaon dwaaslugii 2.3 ods Jand atunidyan, 2538)

10 kV  x3,500 5 um 000061 10kV 5,000 5 pm

A [ 4 a o = 4
1 2.3 dnvazveslaszaenluni (rininndunaluTadsuena, eoulail, 2543)

J ~ Yo 1 a ~ ad . . = 9
laszaeuluniunafienn e 1sdleaisemdss (radiolarian earth) M31zH Ingaasna

A A A

a < [ [ 13
UsznoumeTlelevedlaszasunasisdloarisou Navivseaasuiluaiulvg uanetany
@ 4 a 4

= A 1 = A o~ ¥ Y = 1 Y 1
ANADIDOU FUAYI HWIDTUINIAVIN (LI IAUY ﬁnu%iﬁﬂgﬂlﬂ, 2538) LAUWATINNUI

P o & 3 Ad A ama J A A g ' s Aa
llﬂ'ﬂgﬁﬂll]lllmLﬂucﬁ'lﬂﬁﬁ')mu'lﬂlaﬂmlﬂuﬁqu%jﬁlcﬁaalﬂﬂj ‘lfiimﬂuﬁﬂ/iﬁfllﬁ]faamm%ll

9
A=

A Y A d aa A 1 dy A o o 1
naendunidludan wasnmaiiienuoNnUNIN 9 LA WTOAIANNYDIHINDY TUFUH
Y 3 3 v v v ' I A 4
1adlunannu awndsmrsanuuiusunaeiiuiu (@am., soulai, 2550)
1A T @ v o < =] 1 o
prasaun lulszme Inenvegludsiiadie Tassenuilunvauanlvgnszia
[~ a ) 1 o [ Y A = 1 1 ] )
nszaeegiluyinanialuuesdihe uazueudn o Indifes Feaiulvyszegluwasune
9 [
ieedhe sunewing wagdunamzar wenantudsamnsony ldhelunsnahuming
suneaulity wazihunegu dualeudi suneeing 1andadaiie 31nnsd1T9v09

NOUATHIFIAUINGT NTUNTNOINITIAU VINAULeIa1119 mnsadsaiivliunudiseves
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Y
a 9 % [ 4
aunlananuailszuna 245 AU (ATUNSNEINTTIAL, 89U 11, 2548) 91NT1BAIUVDA
@ 1 = a 14 =~ Y < o ] o a
ganfuduasumsasuInemansuazmalulad 1dunsnudiedradisralunsne
A ) ' v o o v 2 7 o = o ' g VY
milpathulou daniadithe wonguveslaszaou lunszivoudanuuiuegldrunsia
N30 Fellszauanuanliaedunmin duwaalugili 24 (n) wazidioi laezaon Tuily
] 1 1 a I U
219NNV 350 111 HIUNADI9aNTIAIDIANATOULDUTDINI1A (Scanning  Electron
. @ A Y o ' (=)
Microscope, SEM) aiataaslugii 2.4 (v) udnihmsasindon wudlaozaon luniieny

@

g’/ 1 9y ~ dl ] = Y = 1 g}/ a d' ]
AgLA 25 muﬂmwmmaumﬂfﬂwu l,l,ﬁ3EJ\‘]i1ENTL!E]ﬂ’J1’5"(11!1‘5ﬂWquu%uﬂgﬂﬂuUil’Jmﬂqu

Q

o ~ @ o 4
gunodiulvdn 3anialsiuy3 dndae (@am., ooulail, 2550)

(M)

51 2.4 (n) naassuveslaszaonlud (@am., soulal, 2550)

() awane SEM ve4 laazaenlun (aem., eau'lail, 2550)

o o, o 3 '
Taga 1 laezaon lusitidse Tomilunedugaavnssy de Iniuaiumanluns
o A Y t&l 1 =\ o < 3 ~ Y Y 1
Winszay e liilonszapmiwdion siudunurunazitluaisildlunisnseslaa wu
sol A A Y v Y AAaa A = ]
niahaauaza1sou 9 nieldia lan: ldamszlizanmnioyninvuinazideaognislu
v ¢ A s o 13 a
(a5 dand adiunidaynn, 2538) wieldlugaamnssy dunau sifuvn vazwsiiin Hudu
4
(@am., 9o lail, 2550)
S 19 1 A 1A 4 Y ~ RS 1
laozaonlud lilgiiosuaiilse Tewiludugaaivnssuiio w1y ualunis
[ Y <=1 ° o 9 4 ] o Y I [
neadnndalinisiuerlaezaonlunuldlse Temivinue wu hanldiluiaguanlu
A A A I Y R = . . .
ADUNIANIAIT WI0DFNIAI 1T UAY FI9INNIIANYIVDY Kedrarin - Pimraksa 1@ Prinya

1 d Aa o [ ()
Chindaprasirt (2008) 18318911471 Taezaey 1yt @uwwnditha) andandadidhe Uszmalneg
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a ' 9 = Y w2y 0 = aa a 2 o
Hl5madoudrannda 100 Suau 39 ldnaasvihmsanyiguauiavesdguranniinn

J o a @ I v 4 1 J
laezaeuluidne Yuvn wazdlsy Wuarunay iesnnldwnilaozaonlusion
' o = A < ) o A Y A =
urasdrheliguauialumailuasdes Teauawsmhuihsguiram 18 Wiesnind
a aa s A J w . = A
asisznevegiiludana TasiilSumesn loandn sio,, ALO,uaz Fe,0, Tuilsuan
v A [ o a g o I~
mza nazdalinnungugywuRernuasdesTearusssunani 1l duaadduaisiein

2.7 uag 31 2.5

~ ua = J o . .
AT NN 2.7 Llﬁﬂﬂﬂm'ffll‘1J§5]W1ﬂlﬂﬂﬂlﬂﬂllﬂf)$ﬁﬂﬂvlﬂﬂﬁ1ﬂ1\3 (Kedsarin Pimraksa, 2008)

Oxide
SiO, | ALO, | Fe,0; | K,O | Na,O | CaO | MgO | TiO, | P,O, | SO,
Compositions

(%) by mass 77.5 | 14.16 | 524 | 2.08 | 0.20 | 0.00 | 0.46 | 0.53 | 0.25 | 0.01

g1 2.5 mwne SEM ved laazaenTuininumasdnha (Kedsarin Pimraksa, 2008)

4 ) =t Jd  w . s
laozaoulusivinunasdithe H5umeen lednan sio,, ALO, 1ag Fe,0, 1if1 77.5,
o o & ' Y1 r{dy ] a
14.6 18z 5.24% awd1ey Fana lanlaszaonluntisatlutesToa1usssumna Class N
o 1 < {A o
AMUMITWUNAWWIATTIY ASTM C 618 11aZINNINH1Y SEM dzifiuoynIanlanyuzuy
= ~ ¥ v & v X
N3INTZVON VRO UMIAMDY (d,) Uszanm 32 um  Blassadamtiailumsndiesdan
' Aad da A4 = 2 =2 o q 9 P P Y
YNAUDIFOI 5L 1 um NUAHINGID 170,000 cm’/g 391 19 Tz e TusiiiTimin
Lmuazﬁmmwguqq 1az91nn 319 Differential Thermal Analysis (DTA) 11¢ Thermal Gravity

a

. @ A J o A A
Analysis (TGA) ﬂﬂl!ﬁﬂ\jﬁlugﬂﬂ 2.6 m@ﬂulﬂagﬂf]uuluﬂa']ﬂ']\‘]ﬂW'luﬂig‘}J'JUﬂ'lﬁlW']eﬂqmﬁﬂﬂJ

U
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o o v 3 o A A a3 o ' = ° ' ~
500°C ﬂ$ﬂ11ﬂﬂu1ﬂuﬂﬂlﬂ1ﬁﬂ MﬂWﬂ'ﬁ’gﬂJﬂlﬁUHWﬂHﬂiu%'N 450 9N 500°C HAZITADY €] AN

A a A 1 ° 1 ' o ~
WoRUUHUINUNIN 500°C I@EliJﬂ1ﬂ’ﬂiJi‘l’Nﬁ]1LW1$1/l 0.7

100

3 4 TG Curve DTA Curve

\ - 95

— Exo
\]
N L N i

-
Lo ©
o =
g 11 =
z
& L 85
< 0 4
=
a
-1 - : . : . : : - . 80
0 200 400 600 800 1,000
Temperature (deg C)

51U 2.6 n51l DTA uag TGA voa'laozaon luid1119 (Kedsarin Pimraksa, 2008)

o 4 [
NISANYIUDY Kedsarin Pimraksa (2008) 1&1i1 laszaon lunuwannuyuvniesay
a v Y 1 (Y 1 9 d‘ (% 9 d’d (%
15 nazdildniosas 5 naoA10819UMIA 3.5x7.5x15 cm waz l9as 0D UNNNTINATA

Uszunar 35 kse UNNQUUNNINOITLHIN 27 D9 28°C Taon)sAUILe21921M15UN 3, 5, 6, 7

U

] 2 v { < =
uaz 113U nazuudredou 1011a1manga (autoclave) NANANLTZNID 0.14 MPa gaiviql

1 ] [ { =Y %} 1 o o o
130°C @090 4 92 Tu9 MawansnageunuN@IUKaunifsuani so% Tdmmdaidaga

v 9 v
=

] %’ o { ] [ VA a s A o
Nga 147.8 kse taziiniaetimiin 1,020 kg/m’ N1gMIUN 6 U wap AT zHUSAIN

° 1 A 1 dy Y1 o @ o Ao 1 P I % ~ A o Y
G]'lﬂiﬂ‘ﬂi@Q’Qﬂ31uﬂ$1Wﬂ1ﬂ1§\1’0ﬂ‘1ﬂﬁ1ﬂ’ﬂ maqi]1m‘1Juﬂ?umummmzamwmmsamlﬁ
o ded 1 v o A

a A A 2 I Y1 o A
@gmnmﬂ"lﬂazmm”limuummwmuuuummqﬂ mmwa“lw”lﬂmmmaﬁmqmqﬂ

o

§ a ' o v w 1 a { % P
Lﬁ@W"l]ﬁilﬂﬂTﬂWﬁﬂ@ﬂ HAagNINH1y SEM mmmﬁ‘w1mmﬂmuﬂﬁmﬂﬂazmﬂwﬁ

=

a J a oA
2NN 0, 200, 350, 500 LAY 700°C wu’nqmﬁ@,mmmzauiumamﬂmwEmllamﬁ

]
o v w A

1 { 1 o e v 1 ) 90} v
awnsam i ldmimdsdanganga fie 500°C TA1ME96a 177.4 kse AU 730

1 Y

3 ~ 9 A VA . A aAa 2 ° ' Y1 o w
kg/m Llaguiﬂi\Tﬁj’N phases NANI LLG]LlJ’e)‘mmiLNqummJVIQQGUH 700°C %ﬁﬂwa‘l‘lfimmaﬂ

G

[ A ~ =) 9 [ 1 oA = ] I
DAAAAN LHABIWEN 127.4 ksc uazuimqasn phases llmaﬂwumuummmi 911921 una

d' a ~ a o Y a [ 1
iWeswnngurgilumswnigunu llervezi IdlSmnaasdszneunanuisedislu
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4 ] < o A { 1 P ]
lavzaou lungapdelidae odrelsnamlumsidgntidiunanveslaozaouluin 'l
] <3 o 1 o o W ] %’ o
FumMsnmenansormla laelinimaswalseana 147.8 kse taziiviaeimiin 880 kg/m’
Ao 1 == o 4 Y =~ ] [
useluaadsemeaninmsilaszaen luninlslunuasuniauiawsuny lag
IN9IUITYUDN Fragoulisa et al. (2004) 1a3nsANBInMANLAVDITHANANNIATINLN
. . : ¢ 3
(lightweight aggregates) lunsuniaudan 414 laezasy luinndsemeansaduaiunay
a o J o 4
VDIWANNMUNUINTINLUN (production of lightweight aggregates, LWAS) Taeii laozaowlun
A <3 J dy A a 4
ATUUIAANNI 100 pm LALVAPEA (saw dust) YU1AYTEIA 1 mm wanlaezaenlumn 20
@ Y A a { A Y A %’ 1 3 A a g’l A
kg HENNVAROEAVNYS 1N 2, 3.5 uag 5% lFSuanihmediaesay (W/S) < 0.5 3nuutly

a

h 3 . .
Wudeunaw (pellets) ¥ 5 7920 mm sanaaslugii 2.7 udreulduianguugil 100°C

Rl

< o Y o A A ° < = = o
L‘]J‘Ll!:lﬁW 24 GIf’JIlN umuﬂﬂmmqmwgn 1,100°C L‘]J‘L!L’Jm 1299 15 U agmnisnaaoy

!,‘]_GEJ‘UL‘I?IEJ‘iJfT‘]JNa@ﬁ}ﬂ!cﬁ’uﬁﬁi’JMUW LWAs "lli’N‘]Ji%mﬁlﬂuiﬂ%ﬂl!ﬁzlﬂ@iﬂu

a [

] U 2.7 waaduainiasaunn (production of lightweight aggregates, LWAs)

U®3 (Fragoulisa et al.,2004)

4
NNHANINATDY X-Ray Fluorescence (XRF) ﬂjaa"lﬂamau"lu‘wmﬂﬂizmﬁﬂ‘%m
1A I o . [ Y 1 [ ~
nuNisinueen leanan Sio,, ALO,uAz Fe,0, 32UNUUAININND 70% Adudadlua1sned
= 1 1 é 1 dl =S g’; a 3 ci = ?,‘
29 wazlia Lol Tiuinna1 10% aea Lol Agapde liuumavuiiosninmsgadei
d' d Aa dsl 9 < SR A 1 a
199910MIH (W31 laozaeu lusinavuanmsnuauunannulaliaivlsznouvssau
= 1 ?.}/ Y 4 A ) aa Aa A %} .

miieziueg saunamiuradueslaezaouinilszneudredaniniilSumii (Sio,*nH,0)

19 A A A Y 3’, g [ @ 4
2gnIY tazazlUsunaunvsedesuuIuegnusduuuveINULad LaznNMIsNAgoy

u U
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4 = 1 ] s 9 an g’z
SEM "ll’é)\iulﬂ’t]gﬁﬂhulnﬂ%']ﬂﬂimﬂﬁﬂi% Wm1§ﬂuuummwquaamﬂi$ﬂaumwamuu
' Y J A o A 9 A =\ v ' 1 =
ﬂf)u"lﬂ\flﬁll‘]aljiﬂ‘l HANHUSNINNTSUDN LUUITH NIDADYLID mumag“lumﬁzmw 5N

30 um Aweraslugili 2.8

A J =~ J ~ .
M13197 2.8 aentlszneumaniivedlaezaeu lurinnsemenis (Fragoulisa et al., 2004)

Component GRE-1 (%) GRE-3 (%)
Na,O 1.28 0.48
K,0 2.58 1.92
CaO 1.82 1.35
MgO 1.79 1.81
MnO n.a. n.a.
Fe,O, 8.08 5.90
TiO, n.a. n.a.
ALO, 17.83 16.68
SiO, 59.52 64.04
P,Oq n.a. n.a.
LOI 7.37 8.06
Total 100.27 100.20

n.a. = not analysed.

i ;-'-25”'-’;“ 18um

g1 2.8 awne SEM ved laezaeuTurininilszmen3as (Fragoulisa et al., 2004)
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@ 1 0 U ] 1 I
A19819 LWAs volszmensaimiunszuaumsmndrdiulnagrzdingilsiuiu

9

'
A v Y 3

] a an ?,‘ ,é’ a3 zﬂy = @ ?,’_, Y 12 F)
NIANANFUIAN WFAUINALA Luamﬂumammﬂumﬂ@u UANUNNOUNUANHUSADNIYN

'
A a

o |a o q ¥ Y o & < A A <
ﬂz‘l"if,ﬂﬂ’d L!a$ﬂ1ﬂﬂﬁm1‘ﬂﬂﬁ pellets uwﬂaummmgﬂugtaﬂ ] NIBUTDYLYNIAN ) NH

o v w 1 Yy R v

LAZNHAMINATDUAMANLAAIUMIAID LAz ANV UILHUNY Mg auiAad10AR Ny
4 o o 1 A ?a'.:
LWAs v09lszmaauininiazioo iy tag luy1aoas 1@ Iunin g gunivuianag
1 a @ J 1 1 H 1 (%
dIunan HaANMa LWAs ¥99n3 % 92 ladianuruuduiigeniiuazamnsniunsang la
=1 1 14 @ A A o 1 ~ 9) 4 =Y
AN LWAs velszmaaumninuazienssiu e Noasiaiuinly laezasu lus 20 kg Y5110
|
VDOYAV 5% BATIEIU W/S UeeAI1 0.5 a1m1Tasunsanala 2,029 ¢ UAINNNHUUY
3 ~ 4 o % Y
0.93 g/em’ 1ag LWAs 99U 52inemauuiinuazionsiy amsasunsana laiiios 8o g tag
986 ¢ NAIAIUHUIUY 0.65 glem’ 1AL 0.73 gem’ AWa1AY WonfTeuneusasiaiu
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Component PC (%) SF (%) FA (%) EPA (%)
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SO, 2.36 - 4.9 -
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K,0 . - - -
Na,0 - - - 2.9-4
TiO, - - - -
LOI 0.36 0.5-1.0 2.4 -
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Content Silica Fume (%) Fly Ash (%)
EPAC groups
0 10 20 30 10 20 30

Thermal conductivity 0.1797 | 0.1720 | 0.1552 | 0.1558 | 0.1676 | 0.1643 | 0.1472
(W/mK)
Reduction (-) 0 -4 -14 -13 -7 -9 -18
or increment (+) (%)
Density (kg/m3) 522 509 493 485 511 498 483
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Group 4 : Double 6 —ring
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Mix Proportion (g.)

Mix ID.*
Binder Sand Na,SiO; NaOH

M-DE-0.5 400 600 66.67 133.33
M-DE-1.0 400 600 100.00 100.00
M-DE-1.5 400 600 120.00 80.00
M-DE-2.0 400 600 133.33 66.67

M-DE-2.5 400 600 142.86 57.14
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Chemicals DE (%) FA (%)
Si0, 59.30 43.87
ALO, 10.00 26.33
Fe,0, 18.50 10.81
CaO 1.20 12.69
SO, 0.02 2.74
LOI 8.10 1.23

M3 5.3 guauianiamenmvediaailszaiy

Physical properties DE FA Sand
Specific gravity 2.33 2.41 2.69
Bulk density (kg/m’) 490 973 1,625
Median Particle Size (Um) 18.29  17.60 -

51U 5.1 ama1e SEM ved laozaou luw
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311 5.2 nme1e SEM veudiane

M0 5.4 wanadoulonlsHue1gNT LY

Compressive strength (ksc)

Symbol
7 days 14 days 28 days
15M-DE100-1.5 222.9 236.4 289.2
15M-DES80-1.5 299.3 321.7 404.4
15M-DE60-1.5 423.7 427.0 474.2

15M-DEO-1.5 809.7 834.4 810.8
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A1319% 5.5 wanaaoUilonlsHUdaT AU Addition water/binder

Unit weight Compressive strength
Symbol , Flow (%)
(kg/m’) 7 days (ksc)
15M-DE100-1.5(0%*) 2115 75 222.9
15M-DE80-1.5(0%) 2163 86 299.3
15M-DE60-1.5(0%) 2234 61 423.7
15M-DE0-1.5(0%) 2270 35 809.7
15M-DE100-1.5(3%) 2080 80 184.0
15M-DE80-1.5(3%) 2097 94 240.1
15M-DE60-1.5(3%) 2204 62 279.7
15M-DEO0-1.5(3%) 2246 45 741.9
15M-DE100-1.5(6%) 2062 96 153.6
15M-DE80-1.5(6%) 2095 110 197.5
15M-DE60-1.5(6%) 2177 72 337.2
15M-DEO0-1.5(6%) 2236 43 664.5
15M-DE100-1.5(9%) 2052 111 130.8
15M-DE80-1.5(9%) 2085 117 188.0
15M-DE60-1.5(9%) 2146 97 296.5
15M-DE0-1.5(9%) 2205 35 554.7
15M-DE100-1.5(12%) 2036 114 129.4
15M-DE80-1.5(12%) 2050 123 171.4
15M-DE60-1.5(12%) 2083 112 215.3
15M-DEO0-1.5(12%) 2196 22 419.1
15M-DE100-1.5(15%) 2036 134 94.0
15M-DE80-1.5(15%) 2019 135 146.2
15M-DE60-1.5(15%) 2043 128 202.2

15M-DEO0-1.5(15%) 2130 10 338.8
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Curing temp. Unit weight ~ Compressive strength 7 days
Symbol . ;

o) (kg/m’) (ksc)
15M-DE100-1.5 60 2126 199.3
15M-DES80-1.5 60 2237 269.2
15M-DE60-1.5 60 2239 300.8
15M-DEO-1.5 60 2300 705.2
15M-DE100-1.5 75 2115 2229
15M-DES80-1.5 75 2163 299.3
15M-DE60-1.5 75 2234 423.7
15M-DEO0-1.5 75 2270 809.7
15M-DE100-1.5 90 2097 215.0
15M-DE80-1.5 90 2099 283.2
15M-DE60-1.5 90 2232 356.9
15M-DEO0-1.5 90 2266 841.3

~ A o )
AT NN 5.7 WEWI@]ﬁ’ﬂ‘]JLiJE]LL“]JiWHﬂ’JHJHJ‘JJ"UH NaOH

Unit weight  Flow Compressive strength
Symbol ,
(kg/m) (%) 7 days (ksc)
5M-DE100-1.5 1934 115 145.5
5M-DES0-1.5 2020 126 232.4
5M-DE60-1.5 2098 89 267.3
5M-DEO-1.5 2120 84 574.6
10M-DE100-1.5 2099 89 198.2
10M-DE80-1.5 2107 105 243.6
10M-DE60-1.5 2127 51 341.7
10M-DEO-1.5 2218 48 677.0
15M-DE100-1.5 2115 75 2229
15M-DE80-1.5 2163 86 299.3
15M-DE60-1.5 2234 61 4237
15M-DEO-1.5 2270 35 809.7
20M-DE100-1.5 2166 36 221.7
20M-DE80-1.5 2239 25 262.7
20M-DE60-1.5 2265 13 340.1
20M-DEO-1.5 2349 0 706.7
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M3 199 5.8 HanadoUIlol WA 189U Na,Si0,/NaOH

Unit weight  Flow Compressive strength
Symbol ;
(kg/m) (%) 7 days (ksc)
15M-DE100-0.5 2108 83 14.6
15M-DE0-0.5 2088 94 101.6
15M-DE60-0.5 2173 28 252.3
15M-DEO0-0.5 2226 0 522.2
15M-DE100-1.0 2105 72 91.8
15M-DE&0-1.0 2198 98 179.7
15M-DE60-1.0 2227 51 264.9
15M-DEO0-1.0 2287 5 767.7
15M-DE100-1.5 2115 75 2229
15M-DE80-1.5 2163 86 299.3
15M-DE60-1.5 2234 61 423.7
15M-DEO-1.5 2270 35 809.7
15M-DE100-2.0 2120 59 240.0
15M-DEg0-2.0 2178 65 352.6
15M-DE60-2.0 2238 35 468.2
15M-DE0-2.0 2264 60 939.1
15M-DE100-2.5 2127 62 280.6
15M-DE80-2.5 2172 65 358.1
15M-DE60-2.5 2263 29 474.4

15M-DEO0-2.5 2324 67 755.3
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A13197 5.9 nanago ol HUeAT 1IN Liquid alkaline/binder

Unit weight Flow  Compressive strength
Symbol

(kg/mz) (%) 7 days (ksc)
15M-DE100-1.5(0.4) 2107 16 235.0
15M-DES80-1.5(0.4%*) 2183 9 243.1
15M-DE60-1.5(0.4) 2269 4 419.4
15M-DEO0-1.5(0.4) 2283 2 800.8
15M-DE100-1.5(0.5) 2115 75 222.9
15M-DE80-1.5(0.5) 2163 86 299.3
15M-DE60-1.5(0.5) 2234 61 423.7
15M-DEO0-1.5(0.5) 2270 35 809.7
15M-DE100-1.5(0.6) 2015 96 84.1
15M-DES0-1.5(0.6) 2104 108 166.0
15M-DE60-1.5(0.6) 2150 82 284.3
15M-DEO0-1.5(0.6) 2267 53 655.0
15M-DE100-1.5(0.7) 1994 126 22.5
15M-DES0-1.5(0.7) 2038 117 109.5
15M-DE60-1.5(0.7) 2144 109 219.5
15M-DEO0-1.5(0.7) 2175 85 435.0

5.5.2 HANIZNUYBIOATIAIY Na,Si0,/NaOH
~ o o ' X Y} 9y 9 a
nMInaaeunulsHUA BRI 1dIU Na,Si0,/NaOH 1danuanududuvesludonls
% 4 o { Pl o o W
asenlya 15 Tuard wamsnageuawaadluzili 53 uaz 54 wunaimidedanas
o 9}49! (Y = an = d' 4
anuaunsaihnu lavuegiuiSinaveluRendanatazUSuamsunuilaozaeulus

APANFDINUNUIDY (Sathonsaowaphak A. et al,2009 L8 TUINT LAZAML,2010)
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