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SERMSAK TIYASANGTHONG : UNIT WEIGHT AND STRENGTH OF
LIGHTWEIGHT CELLULAR WATER TREATMENT SLUDGE-FLY ASH
GEOPOLYMER. THESISADVISOR : PROF. SUKSUN HORPIBULSUK,

Ph.D., 75 PP.

SLUDGE/FLY ASH/LIQUID ALKALINE ACTIVATOR

This paper investigates unit weight and strength of the lightweight cellular
water treatment sludge - fly ash geopolymer. The sludge was obtained from the Bang
Khen water treatment plant of the Metropolitan Water Work Authority of Thailand
(MWA) and the fly ash was obtained from the Mae Moh power plant of the
Electricity Generating Authority of Thalland (EGAT). Liquid alkaline activator is
sodium hydroxide (NaOH) with a concentration of 10 molars. The influential factors
studied are fly ash replacement, liquid akaline activator (NaOH) content, air content,
heat temperature and heat duration. Test results show that the unit weight of
lightweight cellular sludge-fly ash geopolymer decreases with increasing the liquid
alkaline activator content (L), air content, heat temperature and heat duration. The
optimum liquid alkaline activator providing the maximum compressive strength of
lightweight cellular sludge-fly ash geopolymer is 0.95LL for all heat temperatures
where LL is sodium hydroxide content at the limit liquid state. The heat duration
providing the maximum compressive strength is 96, 72 and 48 hours for temperatures
of 45, 65 and 85 °C, respectively. Microstructural images show that the L lower than
0.95LL is not enough to react geopolymerization as seen by very few reacted fly ash

particles. The L greater than 0.95 LL leads to the evaporation of liquid in the test



samples when being heated and hence the large amount of pores and the shrinkage
and micro-cracks in the samples. Consequently, with increasing L, the strength of
lightweight cellular sludge - fly ash geopolymer increases when L < LL and decreases
when L > LL. It is also evident from this research that the foam addition to reduce
unit weight is more advantage than the L addition in term of strength. Based on an
analysis of the test results on the unit weight and strength of the lightweight cellular
sludge - fly ash geopolymer, a mix design charts for lightweight concrete types C14
and C16 for non-bearing units according to the Thailand Industrial Standards are
proposed. These charts are useful for manufacturing the lightweight cellular sludge -

fly ash geopolymer at a reasonable cost.
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. A Ta 9 & 9 o a 9y A
Equivalent) MWﬂﬂQ’ﬂhlmﬂuﬁﬂflaz 1.5 mgﬂumamwummuiu ASTM C-618 INT1ZLD1008NY

)

a = a aaa £ Y 9 9 Y =
Usum ca0  geoziiTomainal §A501009 Alkali-aggregate  I114 A1dvanIsId1a00Mil
a o 4 ' g { 1 aaa o
Ysurmdanilad wminnifesaz 1.5 Tl ldiunasiuilaelfnserdesiinmsnaaenln
Y a oA U [} [ a = Y
wowlfuamsn lidsngmsveredswnannudonie’ld

2) alszneunausImeveudiaoy (Mineralogical composition)

4 Jd =R

2 a o o o a 4
Y IQINNOBYNA GILVHY dunsy lvAte ag 151950l AMUIIUIND (2542) Lﬁ’f)

a a

' a Y o J A
DIUNU NNLAT Lmzﬁmimumawauﬁ}m@a ﬂTiLPﬂ5]3‘1/]11ﬁ}ﬂﬂﬂﬂ5$ﬂ@1JTI"NLL§’J1/lfJ”IEU'E]\H€{”I

9 a =3 . 1 [V ) o 4 a 4 = 1<
ADYAIUNITINANAN (Crystalline) UANAINNU mmmmaﬂﬂaﬂ”lumzm:nmﬂu

[

. 19 o 3| 1 A a aaa Yy 13
Monocrystalline  (glass) ¥N1NNI1TDYAL 90 @ulﬂuﬁ?uﬂﬁnﬂﬁﬂmﬂﬂJ;]ﬂifl']ulﬂﬂ ANy

2

( o . . . . 5 4 !
89A1/52NOVVDY Crystalline §1W3N Quartz Anhydrite Calcite Hematite Mullite #tR08@0n13
Aa Aaaa A A d Y A . . 1 9 1 a 4 =\
Al nse1 110N 12HA0IATE Xoray  diffraction dzWUI NG 1ABEIINDIUAN TUALT]

4 1 1 A A Ao 4
9A152NOUVDA Crystalline YiosnIudaoennaududniiauaziuounst loii

A Y
2.6.2 AMANTANIMENNUD I 1Y
vAa o 9 < 9y a
Auautanianeninlaenaliveudiaos aunsomuldnnganssnaes
{ 1< (] f wa 1
aounianiiiaseiludiuneau (Fly ash concrete) uanuantaveudiavso1lasunilasly
) Y
iesa1nnszurum s nd iwulimswihduensawiumswsuiu Inisauiagauig
] ' Y
Uszinmierromiulsganiammsen Ind uazaanmsnsaniou daiumsnagounuauia
a9 veudiasaietir Tl 1FnuerdedesvuanianmenInaiuaaigIiu ASTM C-618 9

=i
AITNN 2.2
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M3 2.2 %@ﬁ'muﬂﬂ'lﬂﬂ']ﬁlﬂWWiﬂﬁij']u ASTM C-618

v v Class of Fly Ash
VOMHUAMUMENN
F C
=S [ 9 4 [ [ =)
ANVAZIDA © AIUANAZUNTAUDS 325 HaIn1TIouLVVen 34 34
Max%
v Ao w @ 4 I 4
MArHMa : Tonaunulesauauaduua
7 1 Min% oo uiuainiugu 75 75
28 1 Min% oiiouiudInIungy 75 75
Y N
AMWABINIIN : Max% iioflsunusiiniuny 105 105
ANUBYAT : MIVYIUAING01ARIAIYIT Autoclave Max% 0.8 0.8
MINUUAANNAUUAUD (Uniformity requirement)
- AMUWUUY Max 1INAUNEY % 5 5
[ ~ 9 4 1 =
- @IUNANAZUNTADBT 325 Max 1INAURDE% 5 5
FJ [
Multiple Factor (WA®31319 %LOI 1 % volsmmanuduin | 255 -
vy 4
ANASUNTULDT 325)
1 J § @ { 1 @
Drying Shrinkage UBLNANDIAN 28 TU Max% AUANAIINAT | 0.03 0.03
ALY

1) gUiveudiane
Y o = 1Y, ) A A o
sayiadiase laona lvzligilseaoudesnauniomonnay ueasierany
@ I & A :j o 3’ Y A ~ 1 ] ] 421 (Y PR
anvazdlugngy Fdhihminoiaenildnseeisiizlsilimiven Iuediuguugiifien

]
I v

1 a : ' I 1 { 4 U
amﬁwﬁumﬂmqmﬂ@mummuaﬂymmﬂ UUNLaZ A Lﬁf’)ﬂ"IEJﬂ1W’E)1§ﬂ1ﬂ"’U’ENL5Hﬁ@Eﬁ]”Iﬂ

' A A J o 1 @ v o . . <
muwuaﬂ"lm gunouNNE 394 IAa1119 Iﬂﬂi% Scanning Electron Microscope (SEM) &1

=

[ Y] A d' Y ~ o =\ o Y dy = ]
gﬂ’iNﬂaiJ @NE‘IJ‘VI 2.7 mammaemmmumuumiuﬂ@uﬂmi]zmimu@ﬂauﬂimmummmz

A

o 9 ~ ] 1 £ =\ a 9 @ wvAa 1 dy 19 A [
‘VI111’”‘1@‘L!ﬂi@]ﬂu]l?ia\1”IEJG]E’)ﬂTiL‘V]G]Nﬂ’f]uﬂi@]ﬂ?ﬂ%ﬂﬂ@ﬂﬂﬂ”lﬁﬂﬂmﬁﬂ VAL AT meugﬂiw

' ] A A = 1 a o” Hq ¥ A o Yo o w 1 o 4
"IJJuuuﬂLmi’eJaJiWiua”lmeamﬂﬁnmumM NW@VI”Ivh’iﬂW Qaﬂﬂjmﬁ’mwﬁumaﬂﬂ

G Q
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S e e e e
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[s] L 101 0 —— 101 o1 101 101
A — 95?\[ = I. =il B _ N
”0-5‘—9—?*-93--"0"/5‘—Q—QA!—uH HO=— 5 — 0—5i—D — 5i — O—Al—0H
| nat @l I I Nat 1
|0l OH *" oH ot on O N gy
Nat Na* 4+ 2Na0H (7]
{
| o Hn""--;y..
5
Na-Poly(sialate-disiloxo) MG"‘"T:Q/L
. |
Alhite oM 9 ; _ !
; E il =
Feldspar crankshaft chain t]}";g g o fo
[}
| ] 1
=% L1
Soohousy I,u’ HG""“&*
/’ “#J:s.[-’ﬂ" “"“Q"‘-‘Nfufl
[ o
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v o aaa 1 a a '
anazneu ANIINNTe19z0dATINA1 Insanas Inaomn Tas lan (Polyelectrolyte) 1Az
Y ~ A g @
asdu wanmasitludinzneu
Y v ]
3) Filtration 11171 18910n52U2UMS Clarification 92n1INIHIMIATOINTO
5 ) [ oy a J 1w
11U Rapid Sand Anthracite #400nuUUd1MTDNT0IUTUAY 75,000 gnuIANILATAD TY
1 <} { J 1 v ] z ' .
pgelsAmuesoiaznsod lagagana 120,000 gninAfwATADIU MIUFUAIN Anthracite
Y
MU 80 LEUANAT LAZFUNTIBAAVUIA 40 IFUALAS
o A Y < Y v S A a '
4) Water Storage WAHIUMINIoIAI9zgnnD I3 udunninizond

. o A A ' Y 3 3} A
Reservoir uvnazaasiuiimaesgazgnaiuguldiuliawinasgiuhauvesmsiszih
UATHAN
a gl 3 a g}
5) Transmission and Distribution 13391unamilszihuaviilulsawaaii
L2 L2 ad 2.4

nazdinianveansilszihuasnass Tasmsnetiuaznszaie llawaaiiluiieg &
A 1w . & 4 Y ] o A & &
IFOUADN Reservoir NUNMT 199 1uazuiuily 2 52A1UA0 FU Basement 1Az HU Over ground
Y 9 Y 4
%1 Basement aganas ) luldau 3 was dszneudieily 5 & dausu Over ground oggaii

11 9 1was ﬁmiﬁﬂ@%ﬁ";uﬂTJuﬂuﬁuqﬂmmﬂﬂﬂmazm?mﬁaﬁu

6) Sludge Lagoon Sludge Suduveaingneuauiianaznounn
A5219UNN3 Clarification 112 1 19814 Filter Gld;ngﬂi'jymj Sludge Lagoon 1ntazidngnse
Youmsmnazne eliaznouudanefiazvuede 11 Tasshivsinudszana 30,000

J -2 )
gnuAfuasaeiu azgmi1 i Recycle

M13190 2.3 uaassalsznouvesnledanznouatlizi

4 9
0915 noVIDURE
579 e 2 o 2l o v a1 o + a1 o . 4
ABEN | ALE1N | A19819N | 19819N | A9 o
ﬂigﬂﬂ‘ﬂ AUNQY
1 2 3 4 5
Si 25.10 26.40 25.71 26.13 26.50 25.97
Al 15.30 14.55 14.82 14.92 15.03 14.92
Fe 5.67 5.67 5.60 5.68 5.53 5.63
K 2.57 1.58 1.99 1.66 1.58 1.88
Na 1.41 1.34 1.34 1.30 0.74 1.23
Mg 0.96 1.06 1.03 1.03 1.00 1.02
Ca 0.64 0.79 0.71 0.71 0.68 0.71




ld' -7 1 = 1
M19199 2.3 taaeslsenovedlegaznauauilszih (M)

o 9

519) peA1lsznouIosas

Uszney | @i | dednhl | AredNn | @wdh | @101 o
AUNAY
1 2 3 4 5
Ti 0.72 0.49 0.59 0.60 0.60 0.59
Zn 0.52 0.03 0.44 0.04 0.03 0.21
Mn 0.14 0.08 0.11 0.13 0.12 0.12
Cu 0.10 0.11 0.08 0.09 0.08 0.09
S N.D 0.08 0.08 N.D 0.06 0.07
272 FuseumsUianuindanzneuuodlssnunaninuay

Y v v
D Suhezneu anuduTulszunm 3-10% minAaimin (W/wW) 91069
anazneUIT g0 U EAZNOU

2) thazneuanududutlszina 3-10% (Ww) daruieszuneaznewdhg
1eNNAZNBUNI Inlet Value

3) thazneuTiiefnaznoufamsanaynouTassssuma ﬁwﬂlﬁmmqju"laj
1At 50 NTU ﬂzaaﬂé’fmgiéf?uuu"lﬁaaaﬂmq Outlet Value AIAABITZUNEN1IUNEY (Recyele)
dauaznouraInNUTNTY Uszana 10-15% (W/W) ﬂzﬁﬂmzj%yudw ATANIUDITZALIAN
denrmantszim 3.5 was neslavenldewl1desu weduldnanlszua 12 few)

4) 1#5equazneumarniinnunduduilszana 10-15% (W/W) saninte
nnaznou lldteanaznou (Polder)

5) SUTWAZNBUHRAININLBANAZNEUNTINA L T ULeMINAZ NOU

6) nntheenmnazneumarlulieninazney Tﬂaizmm‘iﬂﬁmwmju"lii
i 50 NTU eenainteminazneunazildeslianaznoulassssumanielfiniesinina
e lianaznou

7) yudeauaznoUraIN NN U 25-40% (W/W) nnteanaznou lids
awanazney Tng1dsn Back Hoe ﬁﬂidiamsnﬂw?ai%’aﬂgﬁuquw'mvi’e)

8) anuaznannauaznouialluauanaznou wuldanududuaznou

Y E4 9
aaua 45% (Ww) Julil Taeldszeznarlumsanaznoudszunm 152 hou @uognu

FITNWIN)
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9) 1930 Back Hoe sndunzneunudududud 45% (ww) 1ulld
mmmﬂﬂlué'waaﬂmfﬂﬂqmwﬁmﬁwmmuda"lﬂ

10) $urhazneudiaiensesniniienseti (Filen Fadanmndud 0.1%
(W/W) 1{1gie321161118191/90504 (Filter Drain)

11) duhazneudationses Faflanududu 0.1% (wiw) mereszueih
a1910n504 (Filter Drain) 191g1pfnANOUN Inlet Value

12) hazneuluefnaznoufamsanazney TnesssuIna ﬁyﬂamwmju”lzj
(AU 50 NTU ﬂzaaﬂﬁaagi%uuullmaaﬂmq Outlet Value 84AA09521109 10§D (Recycle) 421
aznoumMaInNMINIULTZINY 10-15% (W/W) %ﬁﬂaﬂd‘f;jua'ﬁ AzauIuDsEAANLo A
wilavendoul15eou WeiulFnaszinu 6-8 ifon)

13) 1d1Sequagznoumasiifanududinlszana 10-15% (W/w) senainie
Anaznou liaiennazneu (Polder)

14) 1 1af 1naeenain Outlet Value voatofnaznon AANANNY laiAY
50 NTU ﬁlz"lmﬁmﬁuﬁﬂamixmm‘%ﬁmﬁu (Recycle)

v v
15) thlannaaesszuieinhingy (Recycle) v Inalag Gravity Flow 1414

oy a A ) a I~ oy [ ] dyl ~ 9 [ 2’ a = [
anputhaumo lwaaduinlszaheeli) lurelineuvzdigaasuhdueziimsnsiaia

' 09} = o Y Y = 1 1 a
mmwmmuﬂﬂﬂnmiﬂmuﬂ"hammammm‘uu'lmﬂu 50 NTU

=
2.8  UszanvesaeunInylawn
=) . - A A Ao 1 ° 1 =
AOUNIANIALLN (Lightweight concrete) ABABUNIANUANNHUILUUAINIADUNTA
Unaiald AeunIauawI A NUMUIHNTEHI19 400 -1800 keg/m” Tuvmzineunsallnall
ANUMUILUUY LU 2,400 kg/m’ Neville and Brooks (1990) ABUNTANIALIAINITOLUY
I a, A o 1 y
pandlu 3 Uszan audsmnandane liil
19 9 = . 3 1 =S = [
2.8.1 M3 Wil¥ua3IuaziBen (Fine aggregate) 1udrunayluaeunia Juaulasiy
A Y [ A =) . . =) a dy 9 a = 4
neuntvna lnamesnunovua@ed (Single size) AounInytall lslsunajusmudnas
g’ Ao o us/' [ [ 3 A [} 1 =R Ao = dy
WINA AU ¥0I919VNAERNNBEIZHINUIATINHOVIINTIUIUNIN ABUNIATIANT
=) 1 = = = = =
1TINNADUNTANIU (Porous concrete) nIpAUNIA lNlLIaTINALIDEN (No-fines concrete)
Y A oy @ I o 9 =
282 mMilgurasunguAihminluidgran 323NN UABINAIY

v 4 Y
29I UNIZAINIINIATINNIN ABUNTANIAILNIYTZANTIS NN UNTANIAT IV AL

(Lightweight aggregate concrete)



20

o Y a A (] 1 . ] dy = A I Y
2.8.3 MM IAnNaIng 1159509919 (Void) v lnginmeluiionouniansonoiai
@ 1 dy =\ I Y 2 Y] 1
TagMINNNIEYUDI0INIA (Air entrainment) IWFanaIHozlvinaanlnameanunszaeod
1 c; = t;’dd' ~ 1 % ] = 2
peaNNFND ABUNTANIALIUTLINNUNFOI58NA199 N1 LU AOUNTABABINA (Aerated
A =S (B4 A =S A
concrete) HIDABDUNTALYAQANT (Cellular concrete) W3 o InuAoUNTA (Foamed concrete) 1130
4] =~ I Y a =~ dy 1 I
MEADUNTA (Gas concrete) WIUAU ATTVIUMTHAAADUNTANIANNTLANTLLIPNRY 2
sruu aaaadlugili 2.9
] = 1 (d? K% a d' = Y
ANUHUUUVDIABUNIAYAAITVUBIAUUTIIMMTUNUANIATINAZIBIAAIY
9101A ¥IATINNBIY (Normal-weight coarse aggregate) nve 1115 1lun1snannounia
" 9 a = = an A Aan ax
agals nszuIumMsai oo Imalumsnaanouniauiannl 2 35 ABITN1NANAZIT

=
NNAY

Mineral-Bound Foams

Autoclaved Aerated Foam Concrete
Concrete
I
Chemically Mechanically Physically
Expanded Foamed Foamed
Autoclaved .
Cured Air Cured

311 2.9 nszVIUMIHARABUNTANIAIAGATS (Just and Middendorf, 2009)

Y

1) 35mMsadaneo1maNIana 019auHUNT 1 2 AFUEN MUNTZTUIUMT
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a) Mmsaiaesemalasmsilfna TWuneunay dremsldans
v Y v ¥ )
muneudevfvin ludadrunmuizeay udnirlddnuasesadraeaiis 19 1d Tvuman
2 ANy o v A ¢ ¢ A ) A an
nmiuTumadn ldszai ldwauTasasstuduudmadnisneasaraalumsosneay 3303
] dyd 1 ad d! % ] = = ] tﬂy
151315901135 PRE-FORMED FOAM  METHOD &4 Tduasnaniinnuaiesegluiio
= o’z’ 1A T W o A A I < ° 9y = 1
ApUNIARaAITUNBAIUNsZNIRoUn Al aniiuvewde tildaouniaaagarsidulns

a { o 3 o 1Y {
U (close pore) Nan Tdrenosormevnadnd i aslugili 2.10

mm

30

a

317 2.10 fed1MNAHUAINTASUYD CLC (Just and Middendorf, 2009)

b) Imsaiiaeseimalasmsladaisiiueanseasnnnizaie
. .. v A 4 d A J Y 3 1 S A 1
W0901N1# (Air entraining) HAUAUFNUANTANITONOTAT 1INUUHIUNTANTONIUT IUNEY

3 IS { Y § A [ 1 o a g
%Qﬂuﬂiﬁ!ﬂulﬁ'ﬂlaﬂﬁﬂu ‘%1\‘1ﬁ'liﬁ/‘lNﬂ@ﬂﬂﬂﬂa’l?ﬂgﬁﬂ”ﬂﬂ\muﬂﬂ (Stabilizes) naunesernd

[
=

3 o dy Y < Qd-dy [ o S
YAENI1UININTU UV HANAIIAIWE I ITHMZAUMITIABUNTATNADY
WUWUUGY 1AIS PRE-FORMED FOAM METHOD iz dmsumsiineunianiniiu
NUWUUAIND

a A 1 J J
2) Mmsadrlesermalasiimunil drunanilsznoudie]udualosa
J A % aaan { a 1
LaUA Yun3eg Yuvd uazansiiuve1sdd (Expansion agent) YT nalnannaunau:
a I = cf: 9 1 a dgl 1 A = o
madu vl luduas umsmnEuuy dIUNANIZINANITUINT U A G ITBINE DN

Y 1 Y
Usmesay adredudunounilavesmsiuuuan Haed@ugansned aouninzgniindl
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9y & A 9 oy 9 @ a = dyd ~ 1 =
‘wu@uwi’e‘]wmau”lammaﬁlmwmuuazqmﬁﬂuqq AOUNITAYTZANHIUTINNAOUNTANI

U

A

Y
mwuﬂauulaﬁw (Autoclave Aerated Concrete 159 AAC)
= o [~ o 4 9 o
aounsaudaedmuneenilu 3 Uszan muiaglszasamsldau ou
1dun aeunIautawnInsea3na (structural lightweight concrete) ABUATANIALTINT AU

no (masonry) HAZADUNIANIANTUANNTOU (insulating)

U

29 Jagiewlwaru

o w [

11A351U ASTM C 618-2001 T¥dsnanuvesiaadosloaiuii “iaqdosIoaiu

I o A aa [ = A Z Aaa a ol k4 o M 9
WuSaantaissanmediunel vsonagamuazoaiuuilueenlszneunan Tagnaldudd

Q U

@ (=} va =< VA A g‘ A dg‘ a A

Jaquoa Toaruez lulinuantialunsdadszau minualolimsoanuduludsuwi
<3 o aaa 1% = S Y a Aa o Y a

muizaunazasaiilgasonuuaaidonleasenlyq languugiidna Kaldifa

asdszneuniaaauialumssalsean” Saados loaruaunsoutivooniu 2 Uszan

a q

(Metha, Smith et al., 1995) Aniagoa Tra1usI5u91A (Natural pozzolan) taz Jagios Taaiu

'
[ I3

@ 4 @ a a a
TUATIEH (Artificial pozzolan) ’Jﬁﬁ]ﬂi’)"]ﬂ“b’ﬁTLl‘ﬁi'illG]ﬂﬁm‘]_]‘Ll']ﬁﬂ‘ﬂLﬂﬂﬁ]”lﬂﬂ?ii%&ﬂﬂﬂl@\iﬂvﬂn

a

ol 1afu ATy (Pumicite) taziudleo lansssuna fudu Jaques Tvaudunsigdiiu

'
a a

o Ay y o w 1 Y o v a
’Jﬁﬂ%]lﬂi]"lﬂﬂ15u1’3ﬁﬂhlﬂPﬂuﬂ5$1J’J‘Llﬂ15‘1/]1\1?’1’JTN?@UI@]EJﬂ”IiLN"I’J@ﬂﬂUV]llﬂinﬂ‘ﬁ'iﬁﬁﬂ@

Q

1 a a . < I Y A 9 9 a
U AUVIUMAY (Kaolin) tag laozaou lun udu nio ldanwanass lduoansnanves

Tsd'lWihanudeu wu idrave wazdfuen ifudu

2.10 ﬂf]ﬁ%m"lasm%"mmzﬂﬁﬁ%mﬂmﬂmam

asszneuvanludiayu 1dun lasdaifoudamna (Tricalcium Silicate, C,S) o
AnFouFana (Dicalcium Silicate, C,8) lasfAaiFouogliua (Tricalcium Aluminate, C,A)
uazaszAaFonogil Tues 154 (Tetracalcium  Aluminoferrite, C,AF)  Asauiaveq

Y E4 4 4 4
151U 52NOUNT 4 TUALIAAIAINTINN 2.4 (L3FNALDLDAANA, 2549)
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4

A EZ @ IS 4 4 s a o = Ay
TN 2.4 ﬁ"s:‘iJﬂfL!ﬁﬂJ‘UWUf]\Tﬂ'TﬂJ'3'3ﬂﬂﬂﬁﬁﬂiu‘ﬂ'u“ﬁmuﬂﬂﬂiﬂlmu@ (15FNALLALDNANA,

2549)
AaaNIA C,S C,S C,A C,AF
o a Aaaa 3 o o o o a3
Leasimanalgnserls 159 @ we) 9 (Tu) unnula 59110 (W)
1ATHU
o o v w < Y Y @ o a3 o a3 o
2. MINeUIAaIda 159 (3u) ¥ (d@a) G G 5awnn (u
) )
3. Mawalszay 9 Aoudege @ i
4. anwdounndgnserls 1huna 1oy gan 1unan
IATHU (500 ya6i0 (200 9a98 (850 306D (420 0610
nsN) nsu) nsu) nsu)
wad v a oA J o v
5. pauaulAouY) Ao yla - liedesluri shld
A J o ~ LIS
miouiesa uazgRd Al Yuduuana
I 4 o Y
LAUATNUA maeldde

FZ

an o @ 1 a J (%
Ufnse lawssuvesasilsznevranuaaz yiavesudmudndnas lagail

Y
o 1

fadoudanarzilfiserduii aeldine “daionlensen’leq (caOn),)” Uszanuiovay
1594 25 wazasdsznol “AaFousana laiasa (Calcium  Silicate  Hydrate ¥39
. A A 2 o Y A g o A v

3Ca0.28i0,3H,0 %30 C,S,H, %308 CSH)” Gammihmiuanyenszain wazlvnny
< @ 1 dy

uIwse aeaumsae i

AUM3IVL C,S

3(3Ca0.Si0,) + 6H,0 = 3Ca0.28i0,.3H,0 + 3Ca (OH),

¥io  3C,S+6H,0 = C,S,H, + 3Ca(OH), (2.4)

AUM3IVL C,S

2(2Ca0.8i0,) + 4H,0 = 3Ca0.28i0,.3H,0 + Ca (OH),

=
W30 2C,S+4H,0 = C,S,H, + Ca(OH), (2.5)

Aaaa M dy 9 & A S o <3| Yy A ' o =
Nam@ﬂﬂaﬂﬁﬂflalﬂi“ﬁuu ﬁ]gllﬂ Gel cl‘NLllf’)!L“'IJ\‘i@fﬁ]gﬂf‘]1ﬂLﬂuIﬂiQﬁi%ﬁﬂllllﬁlnlﬁllﬂllagllg

a [ 1

J 4 "o 09/ '
WIU (CSH) Tagosndsznoumuniives CSH ﬂzﬁuﬂgﬂ‘ﬂﬂ"@ AUNYY HATDATIAIUUIND

G
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J { aaa o o J o va 1
Yudud  caoH), Nldanndgaserlamssuildduudamadtauauiaduaiann pH
Uszua 12.5)

Ufnsenlamstuveslasnadanagiitun (C,A)
ans

UfRsnlamsduves A aiuiiiula uazneldiiamsudeiioiusiasvesduudinad
Saaumsae Ui

3Ca0.ALO, + 6H,0 = 3Ca0.AL,0,.6H,0

%30  C,A+6H0 = C,AH, (2.6)

il

1 a { 1 <3 Y]
uag Ca(OH), nelvinaoyniafiizliaiiowdnyes Sulphoaluminate 11a2 Sulphoferrite A

Q:I (Y] a d
Ufnsenlamstuveunaszaadsaegilumles]sd (C AF)
N3

v E4 J
i laasfuves C,AF Hazinalusiedu Tas C,AF vxfinlfaserdudusuluyudmud

aunsae 11l
4Ca0.ALO, Fe,0, + CaS0O,2H,0 + Ca (OH), = 3CaO (ALO,, Fe,0,).3CaS0,

nin C AAF + Gypsum + Ca(OH), = Sulphoaluminate (181 Sulphoferrite 2.7

[

v Jd v A A A o d

~ = Y J a 9 Aaaa M
aumsn 2.4) 092.7) waaaldmunwdadusivani lannlgaserlamsdsu Aendadma
4 o s ¢~ o 3
1¥ou1)52 a1 (Cementitious products) tazfaFeoulansonlaa (Ca(OH),) Fealdnbmeziilu
= I v A s A dgl dy o Y 09; S A dgl ~
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Abstract

This paper studies unit weight and strength of the lightweight
cellular sludge - fly ash geopolymer. Sludee was abtained from
the Bang Khen water treatment plant of the Metropolitan Water
Wark Authority of Thailand (MWA) and fly ash was obtained from
the Mae Moh power plant of the Electricity Generating Authority
of Thailand (EGAT). Liquid alkaline activator is sodium hydroxide
{NaOH) with a concentration of 10 molars, The influential factors
studied are fly ash replacement, liquid alkaline activator (NaOH)
content, air content, heat temperature and heat duration. Test
results show that unit weight of lichtweight cellular water

indnenByonTn wunimnssulos aosSmnsumaas
“gwsd e los pesirns s
“mna 0 snnininTanlom ausaonsumaed

Fetieail aeddrevi: sermsak.igiamail com

treatment studge-fly ash geopolymer varles with the ameunt of
liquid alkaline activator, air content, heat temperature and heat
duration. The unit weight of lightweight cellular water treatment
sludge-fly ash geopolymer decreases with increasing the amount
of liguid alkaline activator, air content, heat temperature and
heat duration. The maximum compressive strength of lightweight
cellular water treatrent sludee-fly ash ceopolymer is at
optimum liquid alkaline activator which is 0.95LL for all heat
temperature,
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