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ABSTRACT

In this study, iron sludge geopolymer composite materials were
developed as a gamma radiation shielding material instead of cement that produces
carbon dioxide from the high-temperature calcination process. The influence of
industrial iron sludge content on the physical properties and radiation attenuation of
the resulting geopolymer composite material was studied. The experiment used the
main raw material is clay from Nakhon Si Thammarat Province, a concentrated alkaline
solution containing sodium silicate solution (Na,SiO;) with sodium hydroxide solution
(NaOH) is 2 : 1 ratio. With a solution of sodium hydroxide with a concentration of 10
M and iron sludge was used at amounts of 0, 10, 20, 30, 40 and 50% by mass of clay.
Mixing and forming by compression, then incubated at room temperature for 28 days.
They were then tested for different properties. The results showed that the
geopolymer's density increased with increasing iron sludge content. The density ranges
from 2.026 to 2.207 g/cm?’. The water absorption was the lowest of 11.7% at 20% iron
sludge. While the compressive strength of the geopolymer is as high as 80 MPa at 20%
of the iron sludge. This corresponds to the effect of water absorption and SEM effect
showing the dispersion and infiltration of the iron sludge in the geopolymer. The
microstructure study of the geopolymer with the XRD technique showed that after the
geopolymer has a semi-crystalline structure and the Quartz crystals in clay do not
change the structure. In contrast, Kaolinite has changed its structure. In addition,
radiation attenuation properties of Geopolymer from clay mixed with iron sludge at
energy levels of 1.172 and 1.330 MeV from a ¢°Co gamma source, it was found that

the linear gamma attenuation coefficient was directly proportional to the iron sludge



(8)

content. However, the radiation resistance is not solely dependent on the density of
the material. It also depends on the distribution of the filler in the material. The linear
gamma attenuation coefficient was the highest at 50% iron sludge, which was 0.8428
+ 8.5 x 1072 cm™ at an energy level of 1.330 MeV and 0.8285 + 2.8 x 1072 cm™* at the
energy level 1.172 MeV. The half-thickness (HVL) is the thickness that halves the
radiation intensity, which decreases as the iron sludge content increases. As the
percentage of radiation that passes through the radiation shield, it was found that the

geopolymer can block 35.5 - 64.5% of radiation.

From this research, it can be concluded that iron sludge has the ability

to reduce gamma radiation. And it can also help strengthen the Geopolymer.

Keywords: Geopolymer, Clay, Iron Sludge, Physical Properties, Mechanical Properties,
Radiation Shielding Properties
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(Aboulayt et al., 2017) la@nwranvAvesdlonodiuas N vina1nAuakINaLLAaLT g

3 =i

Asuatun legldusunnuea@eunsusiuanuanaanu NeluaniusNdlundda wazud i

LA 9t Alanadues lUALATIZRAIEN1TIAIILITDIAUTENDUNILATILTIUSUNUAENATA
(XRF) bagIbAIENNIWIAEMALA (XRD) NUI A UIIRTdIUUTENBUVDIWS kaolinite

£ 1y st

Uszanal 87 % wazuandliiuinfurieiailiinnnuuiansgs :inmsdunseiilonsdiues

Y

'
=

Aoaunnd 40 °C wazdnuinlonaauesiANuLdILSIHaLTIn Lazn1sTude Je1useun

9 Y

aa 14 a1

4.6 Lag 26 MPa muaavu @a1msudlonediuesnin1snaun1ulAalfouA1sualunazian
Wudunliiiy 12 % Tegana sewn (Olivia and Nikraz, 2011) I¥oonuuvdiunaLvestLén
a089INABUNSA geopolymer iawinasRvesdiunaulngld Taguchi method lunsinwld
lofevlansenled wazansazarelufenddnadudinsgdu 14 M wazdnsanlebeudding
seluidenlansenlud iy 1.5-2.5 lneifufetsneuninilonsdimes fgumgd 75 °C
warszarUl 24 Talua Jssaannnisnimuinanamusiesngsgailnvindy 60 MPa e
(Selmani et al, 2017) levhns@nwdedeatuanuanunsavesnisidumiemusssua
Tumsdansziilenedwesainiuen nefinsnwainduausinanaauiifiuananeiu

3 o

Tuussinag e wudfwnidernusssusd wasAuvinrl awnsaduasisiduda

a2

Flonafiwesld winsiinysuiuvesiumieisssunfvzantssdavesian Floneodiue
\Wesanddudauung 9 1w lllite, Calcite, Iron WARgLIINAUIINYIAUNLIUSINU Kaolinite

°o & ° o & a PN YY) Aa
91 ﬂﬁ?ll’]iﬂﬂ’]ll’ﬁmLUUQI@W@ﬁL%J@ﬂ@@ IUﬂWSISULUUG]’JLLVIUWﬂWUTJLL‘V]‘LJ



Danupon et al. (2008) laUszifiunuanuuzvatnauniniUafidnauuiasiuiulsd

waz weslanauumdunsnaivy leanwnansenuvesdnsdrumasladauwansiaiy (10,

20 wag 30 % LAeUSu19s) Ui 28 U NisaudRin19an1gnIn 139na karn15aneSIdknuun

YDIABUNTALIANTN NanAdeuuansItAaunIaLUlIAlALIILLY 3,375 - 3,462 kg/m>

v a1

Savarn1sgadui wazdadiimassnnounsawulsddauiumu 15 mm laaanaussdunuin

v v

darnulaunn 91nsAEnMENUIAeUNIAfT e Tinandeusuulsd uazimeslad ananse
annousIdunuundiiiuly waziilewindsdond uazssdunuuniudunsiesouyvd uwas

Adunasy e lriinnsAauainsiusdvessedwnuuiuLiy (Nastasia et al,, 2018) 1o

[

Anwinsuaunznsunsnndnlulullasiuasunss asvinlranunumoLsIdnanatiuAINy
PUIBUY kazUseansnmnisUsanusS@wnuund@nsu ¥4r, 127Cs, ©Co fainadausIdaay

0.37, 0.662 way 1.25 LNedLANA59Ia8 ANUaIRUNANISNAARILERIlm LI wAnEn Ty

mzﬁaﬁﬁﬂmjmiammmmﬁaLLiqé’m LAABUNIMEINAIAINIT 50 MPa HIUNNSNARDUNIVUA

Y

msldngniunzimvananusaiunlddudrunanlunauninndnle Tuvazieniu (guems

uazguId, 2551) Ienandgueniinuandilunistussdiendiiieldusylovilunisieasnans

<9 v q

a wa

wouendisddmiuiestudidnszddiuiid iU uRaulinandsuegiidmnauvos
BaSO, Tudndusng 4 (5-20 % ) udahlunnaeuauausitugiunimnss wasnaaoy
AauaniRlunsiussdiendlairdguenifldnunauves BasO, uwiazdaduanneiduiung
$raeaudnhinUinaussdiiiodadaniednszdaidumiamimumne uazvdsiumned

50-100 kV warUiudsuafiadgaeuy 1u 10, 20, 30 mC WemAfavazn1sganaussd

HANINAABUNUINBFUONNENIINATBITARTIAUAINITONULTITALIANINB U NHERIN

LbIINTUAU LLazﬁgmamwmammaLL‘iamumumiaaawaqﬂﬁﬂmﬂauﬁwaaﬂma%mammammﬂ

v Y Y 49 <

LA DIT AL IR UNANITNAADUNTAUTIANUIND gueNldIuNay BaSO, Tudndiu 5-20 %

o1 lUaS19ANSIAT ALY 12 WURIAST LaA1UNTONUSIAATATISIFDNTNAIALNS

[ 7
Y v a

laiuAsgaumnuUasnsefnirua (ICRP60) Asluiiy 2 TadiSurinumedilug levnaduy

n1533easalarnisoasulaindgueny “muwam BaSO, Faus 5-20 % 1ilevn iUl ey

&
v a [

Aemunasiealenisdudraunsadussdiondssedugund uazsdnaeg i seiu
ANEmesNsIUSIaTedlAY 100 KV 30 mC siaxn (Taendl uagauy, 2551) ladnwy
M3P3EUE195550YR STR 5L naudunaleslsanluiagmaeiininlssnu uagnaudily

BMNF1EIUANNY LAIUUNAEDUUTEANSAINNNTUINUSIZLANLNANAIN 241 MC (WAI9UY



59.8 kV) 198wUSANAMUAUIVILEUENE 1-5 mm NUIUTLENS AN BINUSIAWNNLIUD
N WBSlR LATANRUIVDIUNUENSTILANTY 819 STR 5L NEUKLULIAT 20 phr Lagaanes

156 100 phr §i@1 attenuation coefficient 2.31 cm

INNIINUMUBBNATHATUITEINEITosT 9l v Ve ITeilunAnlunsdunsizn
[ P~ S 2 s v = S 2

Fandlenedwesiien1siusadidng uazsedunuu owindadond waessdunuulunay

(%
aa v

! < a [ = & [ I a [ I~ o 6 ¥
wiwanlniridndsnugedadudunsesieddidinsrumadumadonnisiiunUssyndly

[
[y

wolminuselevdranasguasiensulueuendulnatiognauiueu Jufinnuidetvumn

1.3 TngUszaeAvaINIsIY
1.3.1 wWieszendanslinmnvesdenlulaveminuiluim s dlunislonedues
1.3.2 Wiefnwduusearsnisannenssdunuuvesdleneiue snaunnaznauangn

s deuszendldidundndaeinngassd nawnunsldngns



uni 2
NufuazUITeNNITD
2.1 Alawedwas

2.1.1 Tandlenedieidunsent
HNewedmes Wutagdunsevietunidniinanufizenasuszneundnergiin
Aluguves ALO; uardaniiilusy Sio, gnnsduseansazatsaadudy Wy arsazans
damlalansenled dsanunsainujisenlsigungives anmdidaning dradusiili
ausauUNuarIngAvvesasUsTnevazgiluganald 2 Ussiavilng o Ae
2.1.1.1 Yngavduniia (Primary Source) laun nguusdumnieivia Kaolinite,
Halloysite, phyrophyllite, Muscovite, Mica, Albite Wag Chlorite
2.1.1.2 TnaAundns el (Secondary Source) W unanasulaaingnainnssy
nalndidomas waroqeduuslavgldun ihdufiudoudnans (Fly Ash) wagmeniuin

a a

0qumn (Blast furnace slag) (Zhang et al.,, 2008) FanguingAunansnsiaziininuuians
fosniinguusniflosnnundiununmstueuveslanguinannszuiunsuda daea
Iiu3suvosnguustumiaiiduiuasmmavuinlan wasileTaniinausgndunnd
Snitausfumioafiiiunsrurunisnasdudasanufounuindauiitan o enie
UfAsenliegeamnga wanfusidlenedmesanunsaudein uazliindssndigs (Deventer,
2003) 30du Foldiusuinliusiumnioafiiunmnsedusoanufouldfuanuaila uay
Jomhuduesed Senedwesdudgadaiudsusnglunasunisandnitnsves
Prof. Davidovits 194 8 MK750 §#i191nn15u1usialedu (ALSi,Os (OH),) UINTEH WY
N3TUILNIETIREUMYTIas (Dehydration and Dehydroxylation) ileiUasusULuulasiaing
Tuii38n% 091 Metakaolinite (Calcined Caolinite Clay or Ehydroxylation Kaolinite) #28
Msfgaumadl 750 °C vivleynia MK 750 inn1sdnisesegslaiussideou (Disordern)
maiuiﬂsqa%ﬁaazgﬁiu%Lﬂms’?qLﬁuwamﬂﬂmﬂﬁlaué’hwgﬂqﬁ%’u Hydroxyl (OH group)
sonanlassadrsianuiegardenisgaduiii (Montes, 2010) fafussuuiifinisgads OH
group azdsnalilassairafidnissaiFsaiegeliiduszidovsngduduldamdai
(Hump) Heaseninlaseasawuuedugiu (Amorphous) faUsnNglu nadnszinemailn
M9AENULUTEITIA Xoray (XRD) Semdnayy 15-35 091 (2 theta) Tanfufinvoussialalad
(Muscovite) fifiansuianitiosntt uaznszarveglulassadne Selassadranaridmadise

[
LY

N3 AU ASemIaaiveIn1sdease Jlanediues (Duxson et al,, 2007) AIUUNITHA



nauwsANIINamMa 750 °C azdwmaliansusenavesgiluddinaluusAumiedilasasng

Panunsaiaufisedlenedwelswdulad wazluneensuiulunguindde (Montes, 2010)

'
1 [y a A

dingAvau q Ndlansusznavezgiiluddnaludiulsenaundngninunly

9

[ '
v Y A U L2

JuTandssuieduaszidlensdwesiuiendu loun axnauainszuuiinundesusy

q

o

winulgmnisuuleuvadlansuninfdeindn wagnunnsiinufisendalilasuanuiey

(Zheng et al., 2010) WWuULABATUMIALS (Mine tailings) (Deventer, 2003)

2.1.1.3 ansdamlalansenled dnluasazarefevldnulugnamnssy Tz
lgdulansonlad (NaOH) wazlnunadeoulansonles (KOH) iws1ziduarsazaeid
< 1 o Y a aaa v v ya I~ ¥ = 1
Anulunnegs ausaviiaaufisenduianvesleaiulad dnisdenldaisiaiiagia
nannanelagdnsrdiuasazanen1aazdasduiuiunudutunuinwedimiuni s
UHATEN aunsaiuyszdnsninanununeusssala dsansazates 2 viiad danudueng

asanunsatunldauled Tnsasazanslnwnadeulansanlan (KOH) 2zl Alelndues

D e

AuNNALINNI dvsuansazaneledenlansenlysd (NaOH) asduniienunnndi ieswn

e linaazmaaladng

2.1.1.4 @15U52naugacne 3aduansazatgussiAndud aud anuisavinliin
lassasvesilelndwesla a1susznaudfinalisnhunldnuludugnaivnssunangviin
WagananusaiuusEanS nMnaunusonsenles wazdudunisiiuusunadaneauliiy

UN5e1a18 YuAeatsazateleneudaine (Sodium Silicate : Na,SiOs) & 4@15azane
lgAsuddinaluindauaudfiduenn wazdidnwaenisnienimlaeiluiludiniseuds

ANy

2.1.2 Ufjisedlenediwelsiwdu (Geopolymerization)
nanleegnaluujisendleneiwelseturszisuduloasusenovezgiludaing

v v o

UAEAUANTAZA19A1Y FUN8TUTEUUOTUNTES 2 @73 (An inorganic 2-component
system) @uwsnUsznausie @1Usznaurealladani (Si0,) wazergiu (ALO,) NidwIu
iganeuavaglugluuunlwienisiiaufisen wu wn washuwlenNiiunisnsedu dwin 2
1 1 J 14 1 faa a s
JudwveavailugUansazareeng taun ansusznaulansenlendine sxgiiunnisuaiun
wazdaasINdul navesnsnataskagnsvinufaselmdutaniulinnlasaiieves

ozgiludanalusuuuuvesedgumioRandn (Semi-crystalline) (Buchwald et al., 2011)



a

1AS9A519NaNVDIR LaNDAUBDTINAANTUINNBIAUTLNDUVDITANT DLAlUT hay

Y

DONTLAUTOU ¢ DLADUVDITANDULYDNADAUDLHOUVDIDONTLAU 4 DEADU LATOLTHOUVDI

DONTLIULAALDLADUYDUFADNUDLADUVDITANDU 2 BEMBULNITHANUAYUDLNDUNABANY

aaa

lassafrainduiiusslaaudiuuiidaseninezneuves@aneu wavoandiau dwufisen

AHLARAINN5 W oNLE8Y Silico-Aluminate 30t luTANATUAUAIEDEAONTANDY

©

(Silicon) Iugﬂﬁuaa SiOq Uagorgilium (Aluminate) Iugﬂmaq AlO, Tetrahedral @934 o¢
1580731 sialate (Si-O-Al) WU Polymer Chain (Polymer sialate) 19aangiausiunu wavil
alkali e’ Sodium (Na) Potassium (K) Lithium (Li) kag Calcium (Ca) o 1910y 1 61
\Fousolulasiaine faguil 2.1 madusvesesgiludainnaziinlulassadgnleluanalg)
(Macromolecular structure) fauuansnsiuduagiudnsadiuves Si: Al luansdanu wagil
FoiFunianizmusnindnes Si: Al lnesnsndnves Si: ALty 1 (S-0-ALO) iuwa
VU381 Polycondensation ¥84 Monomer Portho-Sialate (OH)s-Si-O-Al- (OH); #1137
Davidovits (2008) tauevithelassaianugiulilszneumeluanaves Slenediuasiie
nn153usalugy poly (Sialates) fidnsndrunes Si: Al windu 1 asuiduansegnedneds
URRTeNT 1 o
. I
(M) (-Si-O-Al-O-Si-O-) , wH,O
| | |
O O O (1)
lpg M fi@ a Monovalent cation us suaaailal K* vise Na*
n Ao uuluanareInIsvinlianagnley A degree of polycondensation
- A Wusy (Bond)
Z Ao Iuulaanaves Sio; (Siloxo) Wiy 1 2 3 seunni 3

W Al Fruuluanazesi

mnAuIulanaved Sio, (Siloxo) Wi 2 agi38ndn poly (Sialate-siloxo) %130

PSS uazilawauiusg weanilatl K 50 Na* 92138031 (Sodium, Potassium) poly (Sialate -



siloxo) 3@ (Na, K) -PSS iWeutlugnsesdusznauniaaillaidu 1.1 Nay0 : 4Si0, ALO; :

17H,0 Aalassaseraluil

| | |
(Na, K),(-8i-0-Al-0-51-0-), wH,0
O O O

Slonedwesiinldtdasiasnaifundn (Crystalline) Aawdn (Semi-crystalling) uae
laiiJundn (Non-crystaline: Amorphous) Famnlaseas1and nves Poly (Sialate) (Si-O-Al-O-),
ag Poly (Sialate-siloxo) (Si-O-A-O-Si-O-), § NN TE m:j‘u a1eldi3 auly Hydrothermal 14

ANuSBUNTRlANTUTEME wazasavatensliaulutugs aglanandunnilasasie

'
a

pdendnvesdlolad (Zeolite) diunisnesiifigumgiviesasdmaliinlassaiimdnaaieiv

=

Floladdmivunquliduieiu dauiaduganuredlonedwesduaszidnusznis

a v aaa bLydd a

%uqmwamﬂmmamwqum bR Lﬂﬂ‘dﬁﬂi&ﬂ ARNBUNNUNA A94 LLﬁ“’IMﬁﬂJ‘UG}LGU\‘mﬁd

9

WULRINUTLUR

K+
Na*
Cat
Li*
H,0"

JUT 2.1 nsieusiavedlasasne Aluminosilicate WagiinsEAUANg

1Y

ayuisevedlelndwesdunsziutsoandu 2 Tunoundndisil
2.1.2.1 Mms¥zagay (Dissolution)

Sunnianiiunauivansazatseanilatlonsonled wu NaOH wag KOH

Wieasava1edanainn1straratevesansusenaunan laun Faneu wavergiiiuteanin

1
=~ aa a

NAITTAneU wavesgiillanazyinujisenduaisazateaininnisnediiuealuiig
auNA (Ruannual wavUTeye, 2552) vielsendunauilil Alkaline activation 118330619
JunumdrAglunisiiauisenvesddneu uazezqiiillen (Buchwald et al., 2009) lag

Unnsenay giFunnnadsunlaslassadisaindiuuy was mumwamammmuamdw
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lanagnizazateimeasazansiaan launumeniswesiinielulasiasiesenineguinli

ansarangunsnduinlulueunmausfiumnied fegruanads gUa 2.2
allausnifinissazatedafisedesnisuiegaiiesneiiioviviniduy
s liiinnisnszanglulassadsadreujisenlawmstulunaadenddnalawnsn (CSH)

YayudluudUasawaun (Barbosa et al., 2000)

/
/ ---- -- K"OH

000000
forsiadtd

6 ‘ ‘ ‘ 6 6 Q,Q,-Q, siloxonates

NaOH, KOH + QO—Ql—Q2 siloxonates

JUN 2.2 Msvgarangvesasazatsweanladlulaseasie Aluminosilicate

(mn Barbosa et al., 2000)

aaa 1

2.1.2.2 Msiufisenanle (Polymerization)

Y

'
= =

losauddneu waverglilluiignizaralseanuinnissiudivlessunes
pendlaueglunsuvdsudi Aadusulndnaumasuiusindduues Sit wag AU 4
\Anidunefoofiunuuuduruiueendiou Wessretuszuinsmhelianaves Si uag AL ¥
a15Usenavezgillu@aing (Si-0-A-0) vioiFunduneuiin Condensation inmssniwes
Monomer @ Oligomers e lassnevadasg dluddinawansd snszuiunisindud ouuds
(Solidification) (Buchwald et al., 2009) Fasfuasidunineiaaies WeiRaufAsennndwia
msdoulsmedndmefuuuaduiu (Cross link) iy wassnniuwilsAslassaieiu uas
annsnfuussdald Tullagsumsesuieufisengnlefinduluilendiweslddamauunnin

Wewntuegiutadene 4 vaeuseniswianunsolisulisemanlanfizsed 2 uay 3

wazlans AegUT 2.3 n uaziin1sdnassguwuulaseasenisdunsizvidlenediuesaae
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woarlaulansonluslumiie Na-Polysialate polymer uanesiaguil 2.4 uaganedalasadig

@1u8Rves K Polysialate polymer ﬁﬂ'gﬂﬁ 2.4 (Barbosa et al., 2000)

NaOH or KOH
(51,005, ALO,), + NSO, + 4 NH,0 e N(OH), ~Si-O-AL-(OH),
|
(Si — Al materials) (OH),
Geopolymer precursor 2)
NaOH or KOH o
n(OH)3—Si—O—A|\L—(OH)3 —_ (Na, K*)—(—?i—O—Al—O—Si-O)n + 4 nH,0
| |
(OH) O O O

o
(Na*, K")-poly (sialate-siloxo)

(ortho - sialate - siloxo) Geopolymer backbone

(3)

n. lassas1edlanediuas wuu poly (sialate-siloxo)

O O O
\ | /
Si-0-51-0-51-O-
7 N

o SR

O_/TL_O

o o "o
\ |
$-0-51-0-5-O-
7 N

(@) O @)

9. MIuanURguUTETEning AU uag K*

SUT 2.3 lassaedlenedwesiarnisuaniudsulszanieiinseduee n. lasasi

lenediues LUy poly (sialate-siloxo) kag ¥. NMsuaNUAEUUTEYsENING Al uag K*

Fanowdusmluny 6A 1avezmon 14 Yiauddidnaseuwiniu 4 adunusy
Coordinated fiuaandiauludnuaie Tetrahedral lnedidanT 1 exmeuiuiusandiau 4 oxmey
druergiliendusinluny 3A laveznen 13 1auddianasawwiniy 3 awnsaiiniuse
lovatiniueandiau 3 azneu waziiniuse Coordinated AUoanTLau 4 asmau NMsiduiin

sy coordinated vileygiiienuanilszqau dwlulossuvessimueanlatluasazanenig
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nuansUsyuinagliineiuergiiflon Asguil 2.3 v dwabiinanizaunanielufounds

Flanedasdansizt (van Jaarsveld et al,, 1997)

5UT 2.4 sUuuuaeesasergillugiinaduasgvidlensiiuesiuiuaisazangs

n. 1A53a319 Na-Polysialate polymer %. lasestnganuiifiansdaguuu K-Polysialate

(ﬁm: Barbosa et al., 2000)

(%
9

TduUAselndneuauety (Polycondensation) Fudun1359usav84
Monomer sialate (Si-O-Al) 101 Polymer chain tintdulassasialuanalvgdwisanin

Poly (Sialate-siloxo) (Si-O-Al-O-Si-O), # Polysialate type LW 17U 2 %5 8L58n71 poly

£
= 1

(Sialate-disiloxo) F4N1359MITUBLTU poly-sialates (Alumino-silicates) LSuAuABUNITAR

Indmelsiedy (Polymerisation) Saufuwsan1lal nannwsidlonodiuesi lnagd

o w

morphology senisadugIuddlndiAendn Fen1susinglassasiedugiussdaiudidgy

o

wnluanulassasng naannisidsusuasufisenanunsassyndndueidlonsdweslaain

[
1A

Tayauszaulassaiuuvedugudcliansaldinaila XRD Tiasien wazasunaiies

Y
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aa

agufale daunsldmatia FT-R iy MAS-NMR aganunsassysedunsiinufisen

v

Flewodiwolaiwduldfindr (Moster, 2010) I#agudousimainilonedmesduanevidae
wafdas q #i n1sldmada xray UYL 2 theta NTEABTENINLL 27 — 29 Be
msldimaila FT-R 1AARUSEMEN O-S-AL fllauad uUszanal 1,000 denilawufiuns diu
Tassnedu 9 axUng S-0-Si vi3e SFO-Al ilavaAuszing 950 - 1250 fenilauwuRiums way
120-500 sevilaeudins MUy way MAS-NMR wiadlnanansafmuasuuuunsiiavae

Al four-fold coordinated 1@

[

Flonedwesdunseiiinduluguuuured non-crystalline ARNElATIA19T

o w =

lolad (Zeolite) wsianaleedu (Short-range order) 3ndnAtyuotdlenefiuasazianilasasne
NEnTWIRlngNIenaINSULIImTeTueguaIRUTENoUTRTIngAULALAINTEA LA Viavlin

wazAuNtuUsEneviuReuluvensiinufizen lnaanzdaduaumgll uasszesiom

(%
K'Y

n15U% (Buchwald et al.,, 2009) dstiunalnnisiinujizendlonedwelsiwduiwieideiu
NsTrazay N1siAdeudiy (Migration) N13neLaa (Gelation) N133ALT8Y (Reorganization)
wazn1ssudnduasinizngu (Polymerisation) §an15udiavesanssenavudant uay

azgdunvziiauiaiveseumausngliviuludiusyniaud il ldazareunanunas

a

azqﬂu%ﬁmmﬁ]a (Galiano et al., 2011)

2.2 gused

lavenay laviedaasunrsadaasys @1usaasuwlasdnsidlrunauvaalaninelvle
auUAveslanenaunianumnsaunuingUsyasivenisidau deiudmuiiudaaosdla

TudInUsE91TU N15UTLNBUNTN UI0UITUTIINGIFIEAT kazAlUlad WSILLLaUS

a

didnmsauvadlaneNauaunsanaaunlanaAestulansily audRnien nveslansnaud
d1dgy tawn mstliiin anugaueu wazn1siiAuseu vav daundreedsiulans

Y = a & = a o aa LY v v = a
Mmlifieandidnasowasiulansiindunsiseniulnnoundsnuas (Fedunuun) laveddl

v o

AUURTULET HIHUNNSANBIIATIZY WALHAUIEANTISIFLNLLNA8laNENAL I 90 aaReR

9

Jaipnulululaviatmgu] wagnimeaes

o

2.2.1 M3nseyinvessednuing
daditinenagnihanelamesed Wes@nindsnuamiadivy dreloundenuliun
azmoufgnuu viorneuagluaniurgnnszau (Excitation) W3eLAnn13uAne (lonization)

fanudemediuin sunieliaunsadeuusulinduiugan nusnale srmediutunazly
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a a

anunsavimtilaegsanysalivinfy aanuiausnAvessenels duluiedianudndun

o/ [ v a 1

JefpsfnyINTTUINNMIMMeS EnTiseing9d uwudldidu 2 alia fe

o [ [

2.2.1.1 S989 4178 (Particulate radiation) 13U 590NN S98waan LUSAOU WAL
a < %
UIMaU L UUAY
2.2.1.2 S9AluTiuta Wy S98wnuun wazsadend tJudu sunsAse1ve IS LUl
20U 2 WUU Usenaumie
1) dunsisernuudangu (Elastic interaction) laisinsgeyidendsaiu nanife

NAIUIAUNDULAADUASA Y UNNUNSNIUIAUNAINADUATATEN

2) dunsnseuuuluganeu (nelastic interaction) In13aayLdendanu naife
nasuRadunilaggydsliwniedea vilvlluedeaegluaniuggnnsziu

2.2.2 SURINSUVISIEENT wazSF@unuLn

a & 6 v =

USUNUVDISIALONT WaZSIALNUNL BLAUNIEHIUAINAN9L T TIUIUL DAY
LH991INNSIANS UATATEIAUDZADNVDIAINANAUATEUIUAITAN ] NAWATZUIUNTS
Usznaunlesunsisenlnlndiannsn (Photoelectric interaction) kagdunsnsenaudsiy

(Compton interaction) WanNIMNTL T NTEUIUNTNAIAYTOIBWIADNTLUIUNINE R (Pair

production)uaznszuiumsinlafeaduiiinstu (Photodisintegration)

2.2.2.1 $9dunuan iinainnsiasuuUamnsiiedes (Nuclear transition) Wéaay
vosiadununfidnuazidulineu fndanugs Wunamanmsasunlasszdundanuly
Tundvalnessdununndsny 1 MeV fofidiiusznoudiolnaeundaau 1 MeV waseud
gnnszAunaduafes (Nuclear excitation energy) iuiangdasnueglugiesening 0.1 f
10 MeV friufadunuuniidsinesninsdvuamuenaduiivarnaistufuiagusyasd
nsldeu anusnaduresisdunuinivuadousgasaugnindusening 107§ 107
Mk
idesanfedunusndunduusimanifimdanugs uaglifiuszgddliannsata
Ialnensiuuluawuudngn wazgawlii insesadunumndsnansqneaisgs ainin
naslaglsadunussuasinanansgandusadunumn Weduasiuasinanaihli
anudivesdsdanasimualiidnfsdunananudimnnssnuususinasiifiaremu x uang

Flagui 2.5
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—
—
—_—

Iy > —_— I
—_— | —_—
—

—
X

] v a & s v a
gﬂ‘VI 2.5 NMTANAVDITNEALDNDY LAY INALNNUN

[ v a

& A v dI U 1 U
9n3IN158n89U9I59d 0 NG1T 0T @ LNuLN (d—) sziludndrulaenssivauin
X

YRIANMUANTIE (I) MIBNUFINANUY

dl
- —al
dx

LA DINLIEAY LARIIIANUTUTIALS NTNS 93 IFLNNLNTVUINAaNA LT DK

minanagaluniazisendiganiy (Absorber)

dl = —uldx (4)

aun1snsnandulldnvasiuifeddunisaandusdidnd useded
wsivdnlwisudentu udazuanssiuifuindadsdunumuinaniandea dussdidnd
iFnnnisnslanvesdidnnseuiiegseviinduaueterneuvidenaiinanduridefiuywd
UseRusta 1ty 1nviaenadnd wazvaeaisiidng (Husu feiBndndsnusnimdanures
YedunuunanniSeninduuseansnisnanauresdianans (Attenuation coefficient) sif1madh
dususinanausazeiin faduasdouldn

aq_ (5)
dx_#

Tunsuiaunismen I gadudvulineu (Gs88nd uazwnuun) Mg

AUl X neldkeuly 2 auly Ae
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=) v IS v 1

1) Wneunauanilegluifedagdodinganuinii (Monoenergetic beam)

2) Wnaugnannau (Attenuation) m&ﬂﬁmwﬁﬁﬂﬁaﬂ (Good geometry) A®

alnpounau waglifilinounseids (Scattered photon) UsWusaun1sunsuLazideulai
I X
flo dl = [; —udx
I = Ioe_ﬂx . (6)

e I, JudwiulnneuludSadneunazniusiinais

Asuati 1 Judnnulnseufignanneuas

I' =1,—1
=1, — [pe ™
= [y(1 — e (7)

ftavreninaaes e Wiinuiy saiudianurun x dvbodusuiiuns v
U a q‘ [~ a ::4'::1 1 [~ Jdtﬂ' = 1
vosdulszdnsnisanneu 1 azlu 1audmns u nivuieidu 1/auenl didei5enan

duUseansnisannaustadu (Linear attenuation coefficient)

o990 e ~H [ Judunuiiwansdsuseunal ino Ui ueenu1anNeINang
81 e "HX Jadesusunalnneunisinussnunandinatsfazisuiuties aaiu e MY 39
Wumiawfuanadslonalunisiianisnsgyin Jendslenalunisiiansyuaunisang § nem

nszUIUNIT Weuduaunsian
e—ux — (e —W.X')(e —TX)(e —O'X')(e—kX)(e—TEX)

— e—(W-I—‘L'-l—O'-I—k-I—T[)x

Wo w. T, 0. k waz T Wuduuseans n3annauueanszuIunIInIsnSeiasuy

a

TAgLsun (Coherent scattering, W) l9ddnnsn (Photoelectric, T) N15NSELIIBUUABNUAY

(Compton scattering, o) NS¥UIUNITNISNANA (Pair production, k) waznszuiunisinlafa

Y

Buinstu (Photodisintegration, Tr) MUARU FINUILLTIULAAIANUAUNUG

U=w+t+o+k+mn (8)
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esnduusedndnisaavewdadu u WJunasiuvesduusednsnisanneu
YOINTZUIUNITAN 9 9019921580 U duUTzANSn1saanauldadusian (Total linear

attenuation coefficient) TngvinluazlifiasuInszuILnsiAdsun kaznszurunsinleafa

[

duilinstudaindutesannyililsyunae g lansi

U=1t+o+m )

TRgANFUUSEANE N8R N UL T WUSHUAUNSIUVDISIE WALLAVDLABUVDY

£%
Y] [y

f7Na19 WENINTHTITUNUAUNUILUUYDIAINA1DNAY AILULNBTN ALY IAdUUTZANS AT
annouUlUT AT UAUANUNUILUY FIMTEUUTLANTN15aANDUT LAY (AUN1TTIIUU) 1Y
AUAULUUYBIAINGN L3 80T DI NUFUUTLEANT N158ANDULT LA UA DANUNUILUUIN

FUUsEANSNNISANNOULTINE (Mass attenuation coefficient) Ingwiudnes m 1Hudissld

y W = = =

MZET[:E 2 T, ==, 0, ==, k==, T, == (10)
m-op’tm o) p’ M pr T M T

dle p Aernunuuiuvesdinasduuseans nsannewdalaiiniaedu
o/cm’® wie me/em? leslusduilrnumun x,, viimhedu o/cm® e me/cm?

nsganduidunuundanuuand9annsganfuvesdueaniviesedin
Turniefinsganduresisdsans (vduearh uas¥edtm) fvusldlasafideludoton way
gngandunuaiu wisdunuuniiy nmaganduresiganduinldifiesusinisannnuidues
S¥edasnvity deamumuuiuveshgandudawnniu fganduliannsofiazganiu
Yedununldvualuusedafionuazmnorvagldmdusyaniniganduduadudsyans
n139ANaUBEABY (Atomic Absorption Coefficient, i) mé’wszﬁw%‘mﬁ@mﬂﬁuawamLﬁu
AnAvdmvesasdununignganaulageznouiieionananléin dulszdninnsgandu

azmau Ao AuUIAzduognonvesfiganduayinujiserdulnneu 1 7 lud15ed

AduUsEAnSMIgAnausnaNaunsafieulilagaunis

o =" (11)

Wie N 91uiuezneuvefnanay
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[

N19WTEUIBUNIIANAUTIFUNNNNTENT NN wavegiilounudnged

wnNaNPIinGsuge aeisluiigandusid@ninitingau q Wesadnies widSedunund

9

=1

Wi ariasduingaanausidunuunifiniteaiideuunn

2.2.2.2 N3¥UIUNIYANAUVBITIAUNUNT T 4 nT¥UIUNIT UTENausie N1sgaAnau
wuuUsngn1sailnlndLénnin (Photoelectric effect) UAT o Tnladaduiinsdu
(Photo disintegration) N154AANTSHA AR (Pair production) N13n5213 uuABUY AU
(Compton scattering) Inenszuiun1snsganausuulsingnisallnladidnasn uazujnzen
TnlnAaduiinstu axfafudidnnseulundlaasdgandu uavaziinldmidondsuues
TnoulaiiAn 1.02 Mev drndsaruvadinmeuganind nszuaunisil 3 SsasAaldd du
ASEUINST 4 Fnannsilinound gD

1) Usingnisalluledianssn

(cm?/g)

L- edge

100+

a

K- edge

el
ngn(82)

IN1TAANIULYINIA
S
L

<
=
-
L

Jszan

néila(7.4)
V4

du

20 40 60 80 100 120 140
wasulnmnauy (kev)

JUN 2.6 Anuduiusseninsdulszavsnisanveudunaveandsnulnlndiingsn uas

NaIUINRaY

(‘ﬁmz Evans, 1955)

nszurunsiiledidnainiinainnisilimeumellusymen Tasgndidnnseu
s0U 9 Tundvaganduaunun laefindenuveslnnouazdeadndsnuuinnimdsy
Snnievesdidnasevluidaasilibidnaseungaseninanesaeudianssouiivgnoonii
3nlndidnasau (Photoelectron) wasuvedlnlndidnaseuazmeldludiganiulae

n3zUIUN150ndaty wazlossuluiwtu Tnausingnisallnladidne3nidunszuiunis
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anndusnauriasmdnuimnvesinougngandunun Unngmsallnladidnsdnifnld
ilelrinouiindsaus waziiganduiiiavoznouann dnsudganaudidiaveymeuuin 9
Usngnsallilndiansinagliaesiiniu TnedlemalumaifanszuaunsTiledidneinay
anasegemaiilondiuvedinnouiudy Inevialuduussans nsanvouidananes
nszurun1siiladidnasnazulsiuniy 1/hv3 e hv 1 fundasuvedlineu uanads

SU7 2.6

2) Wledaduilinstu dueduaveswganduiuiadunuun wazavlantdegaynn
fansoussnunegreiufiviule InlaRadfiinstudulsingmsalnddganlunsdinlnnoul
WANIUGINININIATONTIBLENATOU LWL LATB1TIBUNIATATDU (Betaron) N3BLATBISY

aun1AZulAInsou (Synchrotron) tlusiu

3) NTLUIUNINAAA LARIINTIAULNULNTNSIUUINATY 1.02 MeV wagTadunui
Fudlndiaedea Sedunuunzagmeliudinareiludidnaseu warindnseu wiaves

BUNIAYTIIADITAT 0.51 MeV WaIMUAAUNWMUANBUWINAY hf — 2moc? nsidsunas

U 14 1

wasunataduiiatl Sadunuunazdendilndaynia wu Tuadeaaluwuduiainin

R

NBUNNTIY WATNNENAINITVU dIUNSIUIaULATBENN 9 Aelunsas1edianasou Las

Indnseussanisndsnulidesndt 1.02 MeV 39fianssuiun1suandla wanadaguin 2.7

@)
00o0 Oe
o\ o ©
Atomic electrons O O @) O O

OQ)O 00 ©
WaV VoV e oV O
OOQ

@)
00O

Nucleus

Incident photon

©)

Ot

g‘dﬁ 2.7 ASNANTEUIUNITNITHENA

Y
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4) nMsnszidawuuaendau JunswuiideninnissuwuuBaneu (Elastic collision)
Wunsvuiuseninaduneuiudidnaseudase (Blannsaudasenuneds Amwasnudamienvad

danmseuivesneuliAntodloWisuiundanuredliney) wanwiagun 2.8

Scattered photon

, hc h
“Free” electron E =7 Pr= r
E =myc?,p =
0 P 0 9‘\
\WO—
Incident photon f/‘
. hc _ h

Scattered electron

E=mc? P=mv
JUN 2.8 nsvunuurendiy (MsvuwuuligamgussnindlinounasBlannsou)

1oN@Y8INITLAANISTULUUADNU A UL A1aAAT DINFIITUVDITIA LANUT YU

81ANATDUINGIUNINTY UWazANaveRaNTaIgANaLTiALNTUIE MITULUUABLUSY
JraziialafdloTedunuunindsun uazdigandudiaveznauiiuansdaguil 2.9 uay

5U 2.10 uandlonialun1siinnszuiuniseig o

Y

Initial photon energy
0.01 MeV

10

-1

UL AR |

0.1

, x 10% cm?/steradian
T T T

do
an

0.01 100

TTT T

500

0.001 L1 1 I I

0 4 8 120 150 160
Angle of scattered photon, 8, (degrees)

'3
a a

JU# 2.9 Adudszansnsnsziawuunsudiuvediiney

(‘ﬁmz Evans, 1955)
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100+
g 80"photoelectric effect pair production
&
s
= 601
&
c 404
g Compton scattering
C 204

0.01 0.1 1.0 10 100

wasulnnay (kev)

JUN 2.10 naiAanszuumstiladianesn nsnseidawuunendiu uagnseuiumskanglusiinany

(‘1'7im: Evans, 1955)

2.2.2.3 duuseanSn1sannaudiania (Mass Attenuation Coefficient) W8 uLNUA2E

[ L4 [

v H v o U a o Y a U ¥ 1 I [
anwal — vesingdwmsuounanibiiinnisuandalaedeu 1udnsdimussning dN fu
P

[

NaRaued p, N waz d e N {Judiwiueyniafiannsgnuingifinnuvuiwiu p wag dN
Judnaueynieiianisnssyinvy
u 1 dN

= 12
p pN dl (12)

N15N38YN MUNEAL NTEUINNSTVIIRAAN SR ULUaRINE I UNT 0 7iAN 19 ve LN 1AT

MlAadansuanilaesaulaeaunis (13) kansaun1saInsusIadngnsosdnnuun

A= (13
P p P P P

a & a £ a a & a
W — 1uauUseansn1sanvaudaniavednszuIunsinlndanssn

T
p
O- I3 [ a q‘ a 6 o
— WUANUSEENTNTaANDUTINIAYDINTZUIUNITADNUAU

—== JuduUszaNSNI5ANNOUTINIAVRINTLUILNTIATLTUN

UUTZANTNITANDULTINIAVDINTEUIUNITNANA

Y
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2.3 BANNITIINIUVDILATOIANN €|
2.3.1 MIATIERIAUTENOUNUATAI838 X-Ray Fluorescence (XRF)

Jumaliafiaunsadinsgivinuessis (Qualitative) azu3nnnse (Quantitative)

A1U1503ATIEALAT VDT wazvaural Wunsvegaukuulivinas aunsadiasieiile

Tnglisowinsm3suiauinauls @mnsainsiei saaidanutututoy o Aanududu

9

TngUszanns 5-500 ppm tneFuaudesdiduniuaudnaiausyann 10-50 mm wazgalaiiiy
50 mm RIUNTUUYRITIRITANUS U wazkunsTa L Turdnndeantineglaas

1 g lanisgiusaraTaseana 15 i nanmsihnuvesaseslesuandlugun 2.11

SeFnunasinlianelusiiielugn (K-shell) vessrneunigluingiurgaesniinezneuly

q

sUradllndidnmseu (Photoelectron) vibiAngesinsliululsdidnasoutiu Janan1ieil
agmauvzliialies uageznaulzndudaniieiiafosTulaen1siufsuseAundauves

SLANATOUIIUBNINUILNUNYD9I1909INE TalunsilasusEAuNdsuYaIdiannsau lag

3ziin15UanUdend19ueanuIT nas Ut uIzasNounad udayaiain (Detector) og

Y

aeluduaiesdedznsiaiandenuiiagiounduun 3ntuasgndwioludayanuae
Uszananadayayadinea (Digital signal processor) Fagyinnisulas dysyraddviegluzuuuy
vaaloyandneaiiieddlviiu CPU ¥N15UT2LnNaNa0enul Lavlandt1uNamntI90uanIxa

waiiudeyaninaibilumheanuiineluniods

: bR T %
g‘tﬁi 2.11 1p304 X-Ray Fluorescence (XRF)
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Incident Radiation from Primary X-ray Source

o

Pl L T TP ——

i

M-Shell electron

. fills vacanc
Fected shell o f ”O Ejected L-Shell

electron ’ / electron

/

K x-ray ,—J

: L x-ray

emitted emitted

gih‘/’i 2.12 nénmsviueseias X-Ray Fluorescence (XRF)

U, FALUARIN. FUNDAMENTALS IN NUCLEAR PHYSICS (vt 10) Iag Khairi
Mohammad Said Abdullah, 2014, Duhok: University of Duhok.

2.3.2 Mywnsizianudundnaaeis X-Ray Diffraction (XRD)

[ [

Wulas eeilodasziinsid onuusdendlunanuesdige lagadendnnisueq

I '
a 1 v = =

Bragg’s law %30 2dsinf = ni GLumiﬁﬁmmﬁmﬁL?:mwusuaq%’a?uaﬂ% AR uTUNE
oglusiogns Tawagldain (Detecton) Suaruduvesisdionddiinannsidsuluyusig
7 veamanageuain XRD lumslinsgiautivostan Tnsanunsovhmstinseldi
asusznevfidegluasdiedns wagthulifnwsneazBoaioadiulassaiimdnvesans
feghdlddnse lundnvesiiogsusazaiaazivunnues Unit Cell vty vivlviyuves
nsdeuusdendfioenunldwintu slisamsamanuduiusvesassznauss 9

[

fuyunsideauuvessediondld daagviliismauinludiiegedy q Ja1suszneveslsed

T 197991 AUDINITIATIERAENATLA XRD Afe tUa111509110153LAS12H 1981900 991
USunamisemesdusenauiieg 19y Amorphous 161 llesanansdiegienguiiagliiia
N4 8 UUVDITIALOND wea1u150197LAS 99519 XRD AU US unuuead U LU

Amorphous luaagneindidndun % e lngldnsieuiiouiuusuiamesansuinsgiui

7151UA L UUDY
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gﬂﬁ 2.14 ¥ENNTNUVDUAT X-Ray Diffraction (XRD)

U0, FAWUAIN. FUNDAMENTALS IN NUCLEAR PHYSICS (wid1 6) e Khairi
Mohammad Said Abdullah, 2014, Duhok: University of Duhok.

2.3.3 msmeamgiinldlunisinlaemaia Differential Thermal Analysis (DTA)

Jueseafielinseiidaniuieu lneineonuilusuvesgamgifid1aiuseninegns
Aegeiuanseneds lusenindlianuieugungivesitegrauvisunlasludnuaznisge
(Endothermic) #38n135A18A1458Y (Exothermic) L 9991NNNSLUA BULUAITEAUNT 1914

nelu (Enthalpic transition) 1y 31nn1siUaswa nsavate nsildsuuUadlassasawan
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e Nswluel NM5SEm N1SANBUT NMSWANAT NSEUIUA1T Oxidation Reduction Lay

UfAsenaliang o (ndas, 2541)

3‘1]17; 2.15 1301 Differential Thermal Analysis

: B ‘/
Thermocouple
————
msé’wﬁa #4130179819
VNG

JUM 2.16 MANNSUSHULTIEUANUUANANNTENI NN NYDIATMI0E 19 U 5871981

U0, FAUaIn. FUNDAMENTALS IN NUCLEAR PHYSICS (vt 32) Iae Khairi
Mohammad Said Abdullah, 2014, Duhok: University of Duhok.
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2.3.4 SEUUAYIASSERNLLN
Miasidriadouacsunvvendsiitenldlununseansiundes ldwn wan
Nal(TU) (Sodium lodide Crystal activated with Thallium) BGO (Bismuth Germinate) LSO
(Lutetium Oxyorthosilicate ) Lﬁu&’ué’mﬁmﬂugﬂﬁ 217 JsdniZosasiiunzaudioziug
v nSadmstnmau Rl
23.4.1 Wasundanuaessdngnganduhlundnlfidu Visiole light Idogne
Usgansnw

[

2.3.4.2 Wnouuasiiintuas dudnadrulaenssiundsnuvessidngnaanauld

2.3.4.3 NMILT99LANTIANTUAIARTZEZANEYY oNazaunsaTndyy uiiintu

Taanun

3UN 2.17 wseaunuinaninsiiwesszuuiia Nal (TU)

2.4 gUn1SN G IUNISAIUIN

2.4.1 ANAIIUNIUADLIIDN

== (15)
o=

g 0 Ao AMUNUADLIISATDITUMBE1WMAdaU Jutieidu N/m?

9139 MPa

T Y

F fo wiannasaniduiiegavaaeuiuld mbhedu N

A 79 NUANTNEANSULIaNAYDIT LS8 1MAaaU Tnueidy mm?
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2.4.2 ATUIIANAIUAUILLUY

NS

p = (16)
g p Ae AnuvuILUuYesunadey Inhedu ¢/cm’
M 7o savesunageu Aoy g

V #9 Ysuwstusiegis Sy cm?

2.4.3 oAz InATuu

M-M
9 %100 (17)

% M3gATu =
0

ng M fip 1avestunngeunddtyn 24 dalus dwmiedu g

M, o wavestunadauliia Sviaedu g

2.4.4 nMsmAduUsEASNsRAnaUYeITIELNULN
[ = [je " (18)

In2
= — (19)

~ HVL

Ing [y AD AULTNTISIELNNNIADUITNIUGINATY
I A9 AALTLTDITIALNULNUAINIUAINA
U Ao duuszEnSnsganauvedfiinans (Attenuation coefficient)

HVL fg anumunvasianiviilininuusivessidanasnsomil
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3.1 QAU a5l Jangunsal uaziasesilanldiaeit nagey

(% a A

3.1.1 199AU AB

q

3.1.1.1 AUNHEIUASAISIIUIIY

5UT 3.1 fuwndled dunevinmal SminuasASSITUITY

3.1.1.2 MnnznauvawdsNilvanidudiunas

JUN 3.2 mnagneumanainuettnundevedlsanuy

28



3.1.2 @15wAil A9

3.1.2.3 ansazvanelaieulansanlan (NaOH)

Uil 3.3 Tniiteslensonlast (NaOH) tnsauedl 98%

3.1.2.4 grsazaelafeudains (Na,Sios)

sUn
U

3.4 g1sazaelathouTaine (Na,Sios)

29



3.1.3 Jangunsal e
3.1.3.1 Insaun
3.1.3.2 AZNTITOU
3.1.3.3 gunsalinU3unns
3.1.3.4 fYNIUNE
3.1.3.5 wifiuritugy
3.1.3.6 UIsnatlatusy
3.1.3.7 puiletasiuansiall
3.1.4 w3esfleflilnsedt nageu Ao
3.1.4.1 dovauiou
3.1.4.2 (i 8% Nabertherm, HT16118
3.1.4.3 \30edBidnnsedind Anuaziden 0.1 ¢
3.1.4.4 \3pedeianumuuyu Electronic Densimeter MD-300S

3.1.4.5 1A304 Compressive strength

UM 3.5 1ATaNAdRUANUNURBLLIEAEYID ELE international

30
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3.1.0.6 1309 X-Ray fluorescence

o ) ZETI UM &
paNalytical

3‘1]17; 3.6 Lﬂ'%laﬂ X-Ray fluorescence spectrometer, PW2400, Philips, Netherlands

3.1.4.7 1309 X-Ray Diffractometer

5UTl 3.7 1A309 X-Ray Diffractometer, X’Pert MPD, PHILIPS, Netherlands



3.1.4.8 1304 Differential Thermal Analyzer, DTA

31]17; 3.8 Lﬂ'%la\‘i Differential Thermal Analyzer, DTA, Perkin Elmer, USA

3.1.4.9 W inlaieulalalan (Nal Detector)

sUTl 3.9 inlmideulelelad (Nal Detector)

32
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3.2 NSASEUTUNUI B TNA DS

'
a =

3.2.1 mawiseuingAuiluiumies

3.2.1.1 iumegeiumileinnduneiiman JiminuasAssssus Y

3.2.1.2 thiuwmilnneufigumgii 120 °C \una 8 #1lus wieldaruidy

3.2.1.3 awmderuualiasifen wdrsTeuniunzensavun 120 pm iieniny
axSonduety Mniuiegsiulsvainm 5 ndu WlevhnsddnszstauiRsng 4 vesiu

3.2.1.4 3ins1zsiesfUsznounianiivesiumndeasieias oe X-Ray Fluorescence
(XRF) WlonsuUiinasinlufulngldisnsmaae unuseandenluisufifnumsldieies
WI-RES-XRF-001 wag WI-RES-XRF-002

3.2.1.5 insziisandssnaunislaseadavesiumieadisiades X-Ray Diffraction
(XRD) IneldiEnspaounueagdenluisufuRaumsldieies XRD (WI-RES-XRD-001)

3.2.1.6 Tnwimgamaiiimnzanlunisenfumieuiiedsulassairandnli
Jueduguseeies DTA

3.2.1.7 thauwdonnmauguvaiildanieszisemaia DTA Tasfinnsanls
Mnnnsmian T neilagidengumnligaasiutsiigumgiivessneguiningamgieneds
mszazinmsiasundasiuugaanuieu fuasgaanuieudiluiierdsundsnunely
wathluvhaneiussvamdn udiinnsisesiilnivesesnen

3.2.2 mawReingRudunnagnauman

3.2.2.1 IUNINALNOUMANAINLIIUDAAINNTTY

3.2.2.2 thmnagneumanoufigamaf 120 °C uian 8 dalus ileldrmnuiu

3.2.2.3 1nnagnewmnanuualfasiden waITeuRIUATLATIVWIA 120 Lm vile
ANUAzIBYALENDTY

32243109189 0aA UTzNOUNIUATUI0ININAENDUNENAI8LAT 89 X-Ray
Fluorescence (XRF) 1t n91uU3 s lun1naznoundnlagldisnmaasunia
MeazdeeluisufoRnunslieies WI-RES-XRF-001 wag WI-RES-XRF-002

3.2.2.5 315129094 U5z naun19lASIa$ 199090 1n AT NOWUE NA18LAS 89 X-Ray

a

Diffraction (XRD) lngl435n1snaaauniusieaziduntuisuuifnunisldinias XRD (Wi

RES-XRD-001)

3.2.2.6 YInINagNaumaNu NI NgamgIwuiediuiy Fadunaiilaaningey

memAtA DTA
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3.2.3 MIWRLNENTaZaY
3.23.1 w3suasavanslaiionlensonlas (NaOH) Ainanududu 10 M 7i9l¥ 24
lus
3.2.3.2 wanansaraneleieulansenles (NaOH) finnnududu 10 M fuaisazans
ToReadainn (Na,Sio,) Tusnsidiu Na,Sios: NaOH fu 2 : 1 Tnsansavanelaieudainmila
ONMNUAAIULTNTULNAINUTENHER

[y

3.2.4 dndreeingaiu wazansazarenldlumuidel

A15197 3.1 gnINaNveiieg e siugy

USunauueeasiiigunufwntes 100 d@u lneula

ans
’ AULTEN #@13azany (Na,SiOs : NaOH) HLNDUMAN
1 100 45 0
2 100 45 10
3 100 45 20
i 100 45 30
5 100 45 40
6 100 45 50

3.2.5 NsHALLayIUIY

UIAUKIHANTUNINAZNOUAUAIYATAZAEANGNT LazTugUnIen1seail 2000 psi

¥
a

\Hunssnszuen (Fusiugudnanainidy 25 mm anwgaitiu 50 mm) fald ienaaey
AUNUABLTIDANINNINTFIU ASTM C192 nadauauUALTan1gnImn LLaz“ﬁugULﬁer}\iuV}N
nasl AR ugUSna1aMiY 70 mm 1un 10 mm ienaaeuduuszavsnisanneused
Mndudafavimegwlnemsvudsudunanainlafiotesiunissumevosioon wdy

nalilunan 28 Tuigaumglivie

Y
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U7 3. 10 (a) Fudedeianilenediuesdmiunageumaaiuusedn

(b) Fueteianilenediwesdmiunaaeunsaneussd

3.3 N153AT12Y AU
3.3.1 MInaFUAMENUANINILAMN il

33.1.1 oud unaaouliuraasiluimouigamafi 150 °C 91 udi sl uly
Tnge 1wy (Desiccator) WdmnAnavesdunnaeuiLauds (Ory mass, D)

3.3.1.2 ldtuneaeuadlusnsddldinguly widunaaoulilu 24 $alug

3.3.1.3 wdanndunadeuguludredud i dannad uneaeundagd uluu e
wrusesluiufinduen 514 lunsdanaildlngladunaaouaduduameiivaduimie
yndunadeuiuideniindedlivioldiunaaoulunsniudrguiunaaeuiaduluilaety
naaouiiurusesluthiianfviegfuwruirmilweneiesdunanniuhmsusuadosds
Taunaisaosiveudnnadildidud s vostunaaeuiitinzumuasslutddesnism
ﬁiﬁaaazmi@m%uﬁ'\ (Water absorption) Wfiesegnaiiealifostunatunaaouiiouriuase

Tw (5)

[
a

3.3.1.4 ndRInTanatunaasuviawviuasslulasawad lrldrnatunsesndedu

1an 9 FuihduduuinuRmve@unadeUsanlnNINATUNULLT 9 VUAITonLads

=Y

avestuvageutuiuiiiiounisan anueainedowlienInnIsszmeveineanaINTy
nageuliosign ndsntuduiinAnddladunuiandudilumeun lnedmumdue M

MNTTINAINUBLDEANATYL 2 AU
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3.3.1.5 lunisewnasielUildanufigiuliin 1 cm® funawihiu 1 ¢
1) AIN139ATUUN (Water absorption, 4) Falum1 % NuanImuduiusszning

[

1a7IUNYNANTUADI AWV BITUNARDUANINTAAWINLARIL
A =[(M—D)/D] x100

a4 Ansgaduinfnidu (%)
M snafunageuduimennuall 24 dalus Andu g

Y PN Y a &
D 1IaTUNAFDUNDULN ARLUU ¢

2) AUIUAIANNNINNEUIING (Apparent specific gravity, T) vesiunnaouly
duitiFudlulllgwedd
T =D/(D—Y5)
log T Armnuaadmzdsng

S 1natunageuNtIzLvIuaasluln Anlu g

3.3.2 NSVAFBUANUNUADLTIDN

'
% =

fevldveaeuianninuantfilse Wy wannae wispauniea nszazlinanis
NegeUgNAadLuauNIINIIRFRUiUlanemiled N1INAFBULTUAINLNNLSIENDE19T 9
wazalELe unseTunudsgy wasuangusnwestiuauandu nsanszuen wiegnuaen

Tneddunaunisnngausaseld

(%
a Y 1 [ ¥

3.3.2.1 thiufogamssnszuonganinduiiuaudnas uasdumumiuiisunss

3.3.2.2 thiuseendldlueiamagey

3.3.2.3 11ALSEE AL AU ANUNUADUTION

3.3.3 MnpaeUMAEIUSEAVENIaAMoUS A
nMsfnadulszans nsaanoudadunumnldldununaalasiinofvodaios

prnduladeulelolad Nal (T) wuuiFesuas Afduuaudnans 3 €1 x 3 17 (Akkurt, 1,
2009) wiesnATesiinTzidyn Ml (MCA) udanlasiinefgnadudsmeuiames
(PO) Tngandag Genie2000 druunasidaisdunuuiliinainss lavead 60 fivdes
n§euaTInNun 2999 Ao 1.172 uaz 1.330 MeV #93U7 3.1 1dunisuansunus

NTEUIUNITVIAGBY UTEnaume 2 Tunau
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3.3.3.1 JUNDULSN AD Gﬁ’umaumﬁaGmauﬁg]ﬂm’mamﬂmam‘ai’mé’mﬁd’awmmﬁ
(-} dd‘ 1 1

WHFIE T nzaN LU0 LagihumuinAad swazdulssuuinsgiuielila
ANUYNABIYRINITIRLasINTUTRIAIAT ase lulsazfIagnd

3.3.3.2 TUHBUNADI AD TUNDUNITEAUAINUNUIUDILHUF DS AL ANUAUILANAN
U B IUANUALNUSTUNITAANDULALINEAI LI HVL @nSULAasil989

Source Co-60 Shield lead

Shield lead

0 200 400 600 800 1000

/ P.C. control

Multi channel
analyzer

B

JUM 3.11 uruanseuiunsnnges



7000 38

1172 keV
6000 -

1330 keV

A

O T T T T T T T

5000

4000

3000

Intensity (Counts)

2000

1000 A

0 200 400 600 800 1000 1200 1400 1600

energy (keV)

JUN 3. 12 awnesundsnuvesiedununilaunain ©Co

1340

1320 1 Co-60

1300 Cs-137

1280 o
y = 1.7556x - 113.07

Re=1

1260 A
1240 H

energy (keV)

1220 H
1200 H
1180 o

1160 T T T T T
720 740 760 780 800 820 840

channel

(@)

5UM 3.13 Auduiussendnamaaauan Co-60 uay Cs-137 futasvad Multichannel

Analyzer vaea¥a Nal (T) fiflvewismun 1024 Ho
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NAFDUANURUDIAUY WAYANBULANIEVDIIN

a

q

nu

99AUTZNBUNIY
A3l AEwALA

XRF

99AUTZNBUNIY
WS AIELNATNA

XRD

QaunQIluNIg
LHIFIUYT 6138

Wwiatia DTA

AURUILUY

a

YIINOAUY

q

V

[
=

TuzUTlenedwesaiieisn1sen wavuulivigam

Y

-NINNITUBNEN

“WRUNNGNAY

Niivied 28 Tu

V

IATzvinunnYedlanedesidnas il

J

v

J

NAFOUANURTIINIBAN NAFOUATUSE
- AHRUILUY - SuUsvavisnisanneu
- msgatath SeEunUU N
- AUNIUABLTION - AUTLIASIAN(HVL)

NeAoUlATIAS1IVUIALEN
- 29AUTENBUNIILS (XRD)
- IAsaasunegana

(SEM)

U

AT uagasUNanITnaaes

5UN 3.14 unudadunaunsaniiunsidy
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unN 4
NANTSIVY LazIvTel

middeiidunsdunsesiilonedmesinfumisiunsedssmsvimiunnagnou
wiananlsanuaeamnssy lngldansazarslaioulansenled uaslufendanadie Wu
fanseduUiizenaiinufAser wagvinsunfionmnfivies uszozinan 28 Yureunis
yaapuAANTRIBNIBa ™ Auudius TudaudRsunstuiiivestunuilendiuesi
18 nsudailemesnidu 3 daw namile dawd 1 Ao MsAnwissduszneumanad Tassasig
WA wavauaLTAMInNLTouesiumiltIuasASsIIITY WaznnRznBUmANLiBRRNLUY
anmedldlunisndeuilelndiues dudl 2 msAnwauifidsnenmvesianilelndiuesi
Snsrdauveanmnaznoumandng q Tiud rumuiuiy magadu dnnuudusuuuda

AATILVRIAUTENBUNEN UarIATIEAlATEIImMIganIa uazdun 3 Anwaudniunisiuy

$33v09 AanoAluasNauNINAENaUANTALATIZILS

4.1 M3fneeAUsznaunaall lassasiawan wazauautanisuFouvasfumild
UASATSIINTIY uazNINAZnaumaniiesanuuuanzililunanseuileTndiues
4.1.1 AunileunsAIsTTNsY

99AUTENOUNINLAL 1AT9aT1aHEN TaudsUSuaesasUsenavasgilludainaly
ngiv fewddneinanndmiumsduasziidlensdiues esanesduszneudanandl
dnsnasen1sinUisureummusiunediualsiwdu (Condensation Polymerization) wag
n1sduivesiusemaniintglulasasidlenadiwes sudaudfidinavesdlonadiues
(Homme, et al.,, 2011) uananiinszuaunsnszduayniadlaudeulneisnismd
gaumgiigesmiunszuumaBanameisnisun iieanvuneymaliivunadnas 1Juisns

a

wisuingiunguerailuddinanddydnusznimils (Montes, 2010) WuLABINUITANT
nsrAumIeANTeuTiaumgiaiiunsyuIun1shlensendiadu (Dehydroxylation) Fadu
Tunaun1sd suslainylansanda (Hydroxyl) iianisdneslaseaselag Ganns

waeudewazandevylansendasvdmanalasiainawesasusenevesgilugaing
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4.1.1.1 nan153LAs1gesA Usenaunisusvesa utuit ealagldinada X-Ray

Diffraction (XRD)
20000

QK|
18000 4
Q = SiO Quartz
16000 2
K = KAL (Si,A) O (OH) Muscovite-2M1,
14000 4 2 a0 2
E 12000 - glycolated
C B . )
8 10000 I = (K H30>ALZSI3AL010(OH)2 IUite
) . .
> 8000 4 S= Ka(AluSIman(OH)s) Muscovite-2M1, syn
2 6000 -
]
£ 4000 A
2000 A
0
0 10 20 30 40 50 60 70 80
2 Theta

JUT 4.1 manslesgviaumnileluasassssusivlagldinaiia X-Ray Diffraction (XRD)

PMANANITIATIERLATES NHANYesRunTvIuATATsTIUT1TlneldimaTia
XRD WU Aunieiuasassssusvdlnusenovraaisiiuniend (Quartz; SiO,) wn1aulum
(Kaolinite; ALSi,Os (OH),) wagdalan (lite; 2K,0 3MgO AlL,O5 24510, 12H,0) 1Assas19wan
vdnumend (Quartz) fananslugudl 4.1 aeandesiunsAnwivessasiay uida (2552) 7
NUIR UM 8IUATAS 5I5NT1TUTENDUABLSIALEA bR usdalad wazusalend (Ju
29AUTENOUNAN
4.1.1.2 nan153As1gviesrusenoumaaiiniemaiin X-Ray Fluorescence (XRF)
PNHANITIATITITDIAUTENB UM BAT VDR UUT 8IUASAS 555U ne Y
WAlA XRF 1U71 89AUSENDULAL A NYedR unteaUsenaunl88ani (Si0,) 57.00 %
agilileneanlas (ALO,) 25.43 % uwazwidnaenlus (Fe,05) 10.29 % suuaniseazidunly
A5 4.1 Feaenmdastunanisinszilasadawdnluiide 4.1.1.1 inuin dumiedd

1AS9919NANYDIWIANBAD (Quartz; SIO,) Wumdn



a2

A15199 4. 1 99AUTENAUNMULALVDIRAULNTEIUATASTITUIY

papUsznaumaAll (%) ALO; SO, KO TiO, Fe,0; Rb,O ZrO, LO.

AuLuilen 2543 5700 316 095 513 0.05 005 6.02

4.1.1.3 Han1sitAsignauautinieaiuseunlginaila Differential Thermal

Analysis (DTA)
NMTIATIERAuandanIIauTeuresfuvietuasassssunvlagly

'
[ 1 a =

WAt DTA wansiaguil 4.2 nuiawmieliitaeamiiniianisgaauiouns 330-600 °C

Y

'
aaa

FulurgamginiianumunziganldlunswnfumdenieiadounanseUasulasasng
nanvewsialedludliidusdugiu Wesnanueunfumdeigadiludmaliiinng
wWasundsunmeluiaidmaluvianeiussvandnuasiianisisesiilndvetesnou Tu

YuzifgiunszUINNIIRIna v ligangive i uanatod195IA599unse e zaouT 967

= o

Lalviy Fevililassaseinisosieanunlndliiluszsideunieaswdulasassedugu

(%
[

AatiulunITe s mung UM SRS ENAUMTEIUASATETTNTIUN 600 °C

600 C

0.06

[e]
370 C
0.04 - *

0.02

Normalized Delta T Endo Down (°C/mg)

0 T T
70 170 270 370 a7o0 570 670 770 870 970
Temperature (°Q)

31Jﬁ 4.2 wansiaszinumtianlagldivnaila Differential Thermal Analysis (DTA)
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4.1.2 NNAZNEUMANIINSNIUAAMNTIY
4.1.2.1 nan1s3As1grlaseds19vaaninarnounanlaeldinada X-Ray

Diffraction (XRD)
NAsiasgilassasislagldinaia XRD denanslugua 4.3wudnn

prnauwianilassasawanvanidu 8ulnd (Fe,05, Hematite) 3l Fe 70% dnwaziiloauy
wiuduwsudouiuniogUln dunsdennyauioud wagdin dnsazidundinnawns A
WO9 6.5 AUNUIMUUBY YT 4.6 - 5.3 ¢/cm® Tanunegdl azdnduasdndui oUsu

UszanSnInnIsanneaused

2500
Fe203
2000
3 1500 A
]
>
2 1000 ~ Fe.0, Fe,O,
1=
B Fe.O Fe, O Fe;0;
500 Fe O, 23 2
2¥3 L \\ j\“ FGZOJ\ . OFeZO3
e
L A WWN/‘% A Wiﬁj/%/w
O T T T
5 25 45 65 85
2 Theta

31Jﬁ 4.3 samsinszilagliimailn X-Ray Diffraction (XRD)

4.1.2.2 gan153as1gviesausenaunaaiinieimnaiia X-Ray Fluorescence (XRF)

INNANTIASIEHBIRUSENDUMLATvRsaINInaLnauanlagldwnaila

XRF wu31 nneznaumanysenauluwan (Il) senlenunsaeinaanlen Fe,0; 91.7 %

warflesdusznauniveseanleddu q wWu 33 (SI0y) 3.01 % uazuwAadeueanls (Ca0)
237 % Fuhaznaniutemadeuudu q feglunnazneumdn

1AYANKAIATIEATIFS1INANLALDIAUTEN DU LALVDININALNDULMAN

wut mnngnoumandadutagmdeisiidesiilumin flasedendnuaresiusenouiad

vanumdnesnles wazdanudululfazianlfidudunaluianilolndmes iethly

UszandlduTanUesiuuasnisanveusdsely Fandreiuiunuide (Kahtan S, 2012) 7



a4

LalgPusssuminiesUsenourewsdulng (Fe,0s Hematite) WlwillaTlenadiues wah

TaralafiuUSunaiusssuvIRzannausIalag

M99 4. 2 2IAUTZNOUMNLATIVBININAZNOUMANNBWNITIQAMYT 600 °C

papUsTnaUMLAll (%) SO, Fe,0; PO, Cao K,O Cu0 ZnO LOI

NNATNBULAAN 253 8971 1.15 2.11 0.22 0.20 056 1315

M15199 4. 3 BIAUTZNOUNNLATIVBININAZNOUMANTALNITIgMYT 600 °C

papUsTnaUMALAll (%) SO, Fe,0; PO, Cao K,O CuO ZnO LOI

NNATNBULAAN 3.01 91.7 1.31 2.37 0.22 0.20 049 501

RUBLNG NAFDUNYTINITIA Oxygen 89 Uranium
- 3

§579U3aas : Na P S Ca Cr Mn Cu Y Nb l¢ign Normalize 100% Tngi5as CHNO

INNISHNIRIDYS

4.2 mspnwautAlBanenwasianilelndwe fsnsduvaininaznaumandie
TuauAded Idvaaesihfumieiuasadsssumsiiiunisndsudionisuauasiuiil
gamgd 600 °C wmaudTunInaEnewmaniisnsidnu 0-50 % lasdviinvesAuimies
MniwhnsAnymaressiinaunnaenoumdniidronmausinmeamussdlelndwesi
Fuasgdld (Prumuiuiy n1sgeduni Aaraudusduguiden suddasaimdnuae

lAssainamnegania)

4.2.1 NaMTIATIEAAIANUALIRUY LaZAINTAATUY

4.2.1.1 HAaNTIATITRAIANUAUILUY

n3U7 4.4 wandbiiiuinAeunuLtuesiandasenauilonediwes
NANNINAZNDUWAN Thu TN NT UL oA NUSUIUNINAZNBULNANUINT U 1T1D9977NN

pnoumianiinmuLivgInAumtes WenaudhiuAuasibieumnuduilenedwesi
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I¥oonuniiAfivdunuiu Tnedloiudsinamnnyneumandaus 0, 10, 20, 30, 40 wag 50
% Tnethvinuesdiumiien agliAmuunuuads Wity 2.026, 2.076, 2.128 2.152 2.170
WA 2.207 g/cm® Muadu nande Tanilasznauilenediuesnanninaznouvdni
Uhinmninagneumangsan (50 % tasdwiinvesiumiler) Wenanumuiuiugean wihiy
2.207 g/cm® iAudenndatuaideves Abdullah et al, 2017 Aild@nw3lonediues
Mndassiudulomannzveadludiunay TuuSinai 1%, 3%, 5% was 7% aguindn
nansnaasauansliivitaumuduresilenedwediuiuiefiudulomannzve Tng

AMNRUILULYDIRlaneRLeSHAUTTLNM 2.466 ¢/cm’

2.25

2.2

2.15

2.1

density (g/cm?)

2.05

2 T T T T T
0 10 20 30 40 50
Sludge (%)

JUN 4.4 ruvunuiuvesiieglenedwesivusinaninagnauman

4.2.1.2 NaN1THATIEVAINTOATUL

NNANITNAFBUAINITAATUUI VR TaRLT s Enaudlenadiueinaunin
aenaumanluguil 4.5 wudr nsldmnezneuminludiunanvesdlonsdwesiuusualy

Wiy 20 % lpgtwiinveshiuwmilen dewalriinisadudnduuiliuma lneAin1sgadundian

'
o

fgainiu 11.7 % AUSLIUNINAZNDUMAN 20 % Lasuntnuasfuile 3nTuA1InIg

1%
o a

aagutduu Lty WelduSuiuninaznauwmdnuinnin 20 % YUl 91nuan1saaed

Y

v a

duilvgrunnusuuninasnewnidn 20 % Judadiuivinlidiegeiandausenau

Flenediuesiinisnszaemvaagniuvinainiign wasinssaeiadiaue Jeadmald
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1Aseas193lonadiuasinundalss wand1teeninNonsIE@IUTRININALNOURANDU & WaY

'
] 3

denaliiandeusznevilonedwesiiliusuiauninaznaumin 20 % taeuwin daA1n1s

1%
= o (-2

ARTUUIREAWININY 11.7 %

14.0

135 4
13.0 +
125 4

12.0 4

% water absorption

115 4

11.0 T T T T T
0 10 20 30 40 50
Sludge (%)

JUN 4.5 AFeeaznsgaduiivesTandasenevilonefiuesnauninaznouman

I o W w

4.2.2 FaMTIAATIEAAINRIDA

HANIINAFUANLTIIL TV TaNITsUssnauilonediuesuauninaznawmaniy

'
I 0o v o A

sUAMASR NUSININAZNOUWEN 0% 10% 20% 30% 40% ez 50% Tnenhmiinvesiiu
wilen engnisva 28 $u dauansluguil 4.6 913U 4.6 wudh msifinUSInanIARzAeY
WMENAIN 0% B9 20% derasitliAnfdedunsssaiinguain 30 MPa 19U 80 MPa waziile
WinUSinunInAzneumanIINNIY 20 % (fiandu 30%-50%) wuin Arfidesnvesiande
Usznaudlonedwesiiuwiliuansasedadiulddman Suultuguieriunuidss (Noori

warAnz, 2018) Mnlaanwianudululalunistdninmanlursunsniusuial (6%, 12%,

%
0 Y W a =

18%, 24% Way 30%) NHANNTITENUINNSIRLLAwBanilinee qlasufdedmiuay
TnsUSuanawuin 12% Wiidedauiniian wagilloifiuiawvanuinnin 12% el

ﬂ’J’]ZJLL‘ﬁQLLiQﬁ@EIQ

'
v v a

~ X o a < &
NSLNUYUYDIAINIAIRANUTUIUNINAZNDULKAN 20 % 91U UNANIINAITVUIALAY

MINIEAEMmvBIgNIURaaNe ULl Sadalasasvnmeninangluduaunudusy
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| Al 1 =

nons1dIuaY o Nlanansuanuidevesan (AL, B. A, et al, 2013) Wuiieniu Aladne

Y

ABUNTAMANAENTULANNTvWIAF A TuNIaud L TuADU NNNANISNAFDUNUIIAIAIAI

[
1

3UURYAUTUIN KAZNIINTLINLAIVBINZNFWNAN LT ngNIUlTvAdEnasazyi ity

F198198nT9851 wazuawse tudu

2. ASNANUSENILATTENINNEINUTENBUVDIR LD INEINDS WU SIO, ALO; TuRuwilel AU

Fe,0; NNAIZNDU

FINANITNAFDUAINIAITAVEALTIUTENBUITaND AU HANNINAZNBULNAN WUI 3

9

1%
= o

AuaennediuNan1sinANsgaTunluiite 4.2.1 nanfe TagdaUszneuilenediues

N [ S o a )= Pl =
NAUNINALNDULNANNUUTUIUNINRENDUMRN 20 % IWEJUTMUWU@Q@UL%UEJ’J Iﬂﬂﬂﬁﬂ’]iﬂﬂsﬁﬂ\l

[
o o [

winanwiiu 11.7 % Jsaninseasuladn snmdmveninagneumiand 20 % laeminues

Auwmtlen Wudamdmmnzadlunstuguianduszneuilonedweirigisnsdn esnli

AN1sgATumge warlianrnuudusdluguiaadnggaiiuies

100

80

60 -

a0 A

compressive strength (MPa)

20 H

O T T T T

0 10 20 30 40 50
sludge %

o v w )

JUN 4.6 ArnuudausilugmadsdavesdmiuiandeUsenauilenedwesniusumnin

¥nOUWAN 0-50 % lneumtinvesnunie)
4.2.3 gamsiasiziietnlsenaunanaismaila X-Ray Diffraction (XRD)

INNANTUTEUTEULATIATINAN VA UH VDR UM T IUATASSITNTIY Uawdanids

Usenauilenedweosi dUSu1nINAZNoUWEN 0% 10% 20% 30% 40% wag 50% lae
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wiinvesiumilen fuanduzuil 4.7 nud mendsnsinujsenilonediwelaedudy
syuzaan 28 3u fhegnailenedweidunseiillasiaiauuuiwdn uay Masadamdnues
AoAd (Quartz; SI0,) 4 siuvisfiafsnaegluduvadsrdulunnsnsndiuvesnin
pgnouman wandliiiuinlassaiendnveanimendlufiunioiliiansasulassaing
Mendnsviugnsendleonefwelswdu lunwmssiuinulaseadimdnvessiniaulug
(Koaline) TuAuwmilendl augeasiinanas ag1admaunenaainisviiljisendlenediuels
iy 1eanniniduluduisdiuiinnldsulasaienatsdumnzinidu (Metakaolin)
mevdinnaniigamgl 600 °C Mntuunzinauasdivhuiiesuansaaesadudy
dwaliusinalassadamdninaulusanas uonandnsfinduresSinunnegnoumin

911 0 89 50 % lwiandlsznevilonediwesnauninaznawnan dwallassadiaudn

'
= 1

wunfilnaludlelndwesivsnanniu wazdwsingeenvesnaniiegluninaznouman

Y

'
=

(Fe,05) Tu FaudlofarsantSinuninagnaumianiady aswiuladninniudy (ntensity) ¥es

onanazgeuluieiuiy
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Q= SiO2 Quartz
K= KALZ(SI,Al)ﬂOw(OH)2 Muscovite-2M1, glycolated
I = (K, HO)ALSI AlLO_ (OH)_Illite

3 2 3 10 2

S= K (AL Si_ O (OH) ) Muscovite-2M1, syn
q 12 12 40 8

o Fe=Iron oxide (Fe,O,)

Fe

Fe

Fe
= Fe f—e_‘k l h‘——i Fe
ﬂgl ol
A

10

9
U

U

a
N

Q
K Q Q QQ d
Q
l Fe Fe Q Q Q
s 2 e \ — A . l o N ‘ -

e |2y 0 10 20 30 wml() emmm—5() e—aste
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4.2.4 HAN1TIATIENIATIAT NN NYANIARIENA BITANTIAUB LA NATOULUUABINTA
Scanning Electron Microscope (SEM)
INHANITILATIENLATIATIN199a01Ae T AT sUsEnaud loneduasHay
nnAznauMANTUTINa 0-50 % lnetviinveshumien fewmada SEM Aifdswens 50
uaz 1500 i Aauanslugudl 4.8 uaz 4.9 ARaNTiATIEY wuin Jan3lewsdiuesaniu
wildiilifiunnnznoumdn (SUA 4.8 A1 wazguil 4.9 B1) fdnwarlassadisnngludu
snguvIadn q uasdsesusnvuiadniatunszasluiedlonediues dudvguiiinan
n1stdarsazatesnsluySuaunay %ﬂmLaqasuamfwmadwam,ﬁﬂmﬁﬁzmaaaﬂmﬂ
Tasaais daaliAndesiuazmsnaminelulassaiswesdlensdwesiliaminaue
Tuvnigdiyandssznavilenediues AT uTuuninnznewmdn 20 % Iaguawidn
(U7 4.8 A3 uaz 4.9 B3) dnsnszansnazunsndavesmnngnounanluilenedimesls
Aoudned dauduioieriuludiuvesianilenedwed edrslsfmmiofiuuium
nnAEnauaINnT 20 % Tagtniin (3U74.9 B4 B5 way B6) wuhilsnguauiasie 1 nszane
fRmigueilelndwes venanddmunmsiunguveaninagneumniiinsnszaned
lsashuawe (3U74.9 B4 B5 uax B6) namfe Uumnnagnaufiiinndi 20 % laguntn
ylinsusndvedasiadannagneunar anilelndwesiniutues dwmaliAnses
wonidniintuludiuresdlensdiued dmansvaassienan Sanuaenndasiuaiidsdn

YoeTandeUsznauilenefiuesnaunInaznewman
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A13197 4. 4 anuduiusvesUinauninasneumaniuianilelndiues wavAnautRng

MEAN
JSInunn AU m’:t@m%mﬁw ALNUAB Tnseasavnsganie
ALNOULWAN (g/cm?) (%) TERG]

(% lnana (MPa )
VDIAULAT)
0 2,026 12.3 29.723 SWIU LATIEBUN
YUALAN 9|
10 2.076 12.0 34.577 JNFU UaEIDYLYN
Upas Aznouuan
nzidungy
20 2.128 11.7 79.586 dewdentu aznou
WannsEaNeIn
30 2.152 12.1 71.417 dewentu udmsneu
WENNITANBFEY
LN
40 2.170 12.5 60.763 Sufiseuenuun
AZNOUMEAN LNNZFN
Dungunszanesall
avlaue
50 2.201 13.4 37.199 FRULLHNVUIN HENDU

@ LY} 1
WAN Nzaeall

ANEND

NANT199RUzTIUlATAIN I lone A e ST US NN INRENaUWan 0, 10, 20, 30, 40

uaz 50 % lnewnavesiu aguladn mnuruindudd wiudwdoiuusunanInaznouman

drusesarnisgaduinduuilinanaudeldninasnewndnliiiuy 20% 33 aenadoafu

ANUNUABLTITAYRITleNadNDT HeAgenigawiniy 79.586 MPa wWaldUSuuninagnay

wianwiiu 20% wesnninaznawmdnildluilonedwesaidnluununignguviliainy

MNLUUANT LA NTAA TN TR AdINARUNUABLTIS NN Lazdiapnnaeiuna

=

SEM 71LL@n9n1sns=a18 Lazinsndivasninaznaumaniuilonadwasian (ludisnyu)

Y 9
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SE

Wi

AAVEIE 50 L1

A-1 = Flanefiasnluunuifumienenawmnan A-2 = FonedwasAunuifumensnauman 10%

1% =3

A3 = FlanedwasAunuffumenenauman 20% A4 = JlanedasNunuffumensnauman 30%

A5 = FlanedwasAunufifumensnauan 40% A-6 = IlaneaasNunuffumenznauman 50%

UM 4.9 mwengaiematia SEM wWisuieudnuazinuiivesiegiilonsdiues 7

ANA9VE1E 1500 911

B-1 = FlanedwasAluununfumenenowmnan B-2 = JlanedwasAunuifumensnauwan 10%

£% =3 v =3

B-3 = Flanadiuasnunuiinumignznaumian 20% B-4 = Jlanadilasnununaumienznauian 30%

B-5 = JlanedasAunuifumensnauwan 40% B-6 = lenadiuesnunuiinusiunznauman 50%
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4.3 man1sAnwIauUARIUNITAANIUSIEUa I laNa AL NANNINAZNDUWAN

'
= %

PNMsinanniuves ©“Co lnpiinsudesFadunuNNTEAUNG1U 2 939 i NSesU
NAMIY 1.172 wag 1.330 MeV wanedisgun 4.4 Inedmuali 1, wnuaadnasulaainnsia

[y [

Sedloglaifiianiused wazimuald 1 wiumanesuilaannsindedidlegniuiie Taniu
v a A 1 LY} 1 [~ = = [y} tzl'v 1 Y] 1 d' a

S9EvSaunuf19819 LunsiUSsuievanasuR TRl luwsasfag 19 USINaININALNau
wAnENaiy FakansliiulInileinisiiuysuiaveanInaenauuIntuin Al umglunse

ANUTLTUURISIANTaladiAanas

7000

1172keV

\\% £

3000 - y /
k! VAN
) A
2000 A W%W,WWM “‘\M y
‘/"‘"mw—ﬁsm.,mw/“‘” \r

.,
1000 o L:
0
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5000 -~
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Intensity (Counts)
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Energy (KeV)

JUN 4.10 anasu “Co inldlilonaasuuuiuagliiiiegeiussdunumn



Spectrum from Nal detector
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M19197 4.5 AduUsEavsnIsaaveudunundadulasedy wavatdindssuunnsgy

% Iron sludge by clay mass
Radioactive

Sludge to cly wt. %

source ®Co
0% 10% 20% 20% 40% 50%

fg(cm™) and () 0.3152 ¥0.0098  0.4511 ¥0.0042  0.4783 F0.08575 0.6376 ¥0.0139 0.7370 ¥0.0364 0.8428 ¥0.0854

1.330 MeV
HVL (cm) 2.1985%0.012 1.5364%0.009 1.449250.010 1.0870%0.013 0.9404%0.008 0.8225%0.008

fg(em™) and () 0.3671 #0.0737  0.4770 ¥0.0409 0.5447 30.0723  0.6446 ¥0.0444 0.7352 ¥0.0194 0.8285 ¥0.0285

1.172 MeV
HVL (cm) 1.8880+0.013 1.453150.018 1.2726%0.009 1.0752%0.007 0.9428%0.003 0.8367+0.003

mnews I dulseansnsaameuidaudy

O dnudgaunuuiinggiu

' ' [
[ a [y oY

(HVL) enumiwnvesian NSsdnsquiuudmilimnudusdimeginuianuuananluesmiavesanuduiinnnsenu

q
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NAN1SANAUTRAA1UILONDALUDS harauUAAIUNISUDINUSIFIINAS1N 4.4 kay 4.5

(%
Y

aunsauiuledninAenedasnidusuianinaznaunanuiniiuly (Fas 30% 09 50%) 2

v v

ibinuaudAnuauudusitesad winnauUAdIunsdesiusidgetu uasilionainua
nsiSeuisuiunuidedunanisannausd@nlanlanininnuidedu eglunaennnuidy

au 9 lafnwiun Feanunsainludszyndldlimunganiunisldnuiudesdusedla wwh

v v A

Jundadusdununistdyudiuud viedufuwnaainudesd@nldlunisfing wieununisena

vy

Y035871 598 udu Faddraununensidneglunasiunasgiundadueigaaivnssy

wen. 77 - 2545 Bgneasneandsy

4.3.1 HansAnuduUsEanSNIsannawdadu (Linear Attenuation Coefficient)

1.000
0800 - x/%
‘E . //%
K/
< 0.600
o —o— 1172keV
S
>
§ 0.400 1330keV
©
3
£ 0200 -
0.000 T T T T T
0 10 20 30 40 50

Sludge (%)

JUT 4.12 anudusiussenineidudseansnisaameuldauduaienseAunaaeny 1.172 uay
1.330 MeV fiudSunameaninasnouman

a £ v o

HaNsANwIANFUUTEANSNTAaRneuTidlnuNLTuduvedloneae iy InaunIN
AENOUMANTUIUAEITN158R AINn 1 cm TnefnunSadunuaunfseAuna sy 1.172
wag 1.330 MeV annuvaaniiiadedunuun ©Co fegui 4.12 wuirduuszansnisanneussd

WadudAniuauUsununInagnaunaniviiudu wudedtiuiuinuddeves (AU, BA. et al,

o v

2013) fiihAsunIanauiuiagmdeldvaieviln Wusyniaman gniananaaugnunldy

e wazagnIuAINERamnIsumaneAnwnsosiused nullseavsninnsiusidae

wnYudleiineynaman viegnandnly uasduuseansnisanneusididaduvesnuidy
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'
=

Tsesunden 1172 Mev fAuvinfu 0.3671 0.4770 0.5447 0.6446 0.7352 waz 0.8285

m wasfisEAUNgaay 1330 keV Sy 0.3152, 0.4511, 0.4783 0.6376 0.7370 uaz
0.8428 cm™! MEIRU wazdlofTIRIsuNURZA 91 0.25 mm WUIUTAS AR RNulY
165U 20.60 % ztuldurunzfanunsafusdldnngsso % duwiuilenedwesauise
fugadle 35-65 % dotranunsaiussdldseiu lnefetlonedwesfiininaznewman 50
% fAnduUszansnmsanveudadugign Fudunamaneuvuusnvesiiesugegn
yiomsglusnsdndiiviinunmnaenoumdnuiniian duduaguldinsfuuiaunn
azneuvandlUluslenediwes Treuindseans nmnsanneusedlddunniy Suwaltums
T uuAeIuIuide (Al Basheer Azee et al, 2013) Aidnwaleneaweisuuulsdi
Snsnsinaniiunnsneiu (15% —75%) Arduusyansnsannewdaduiien (0.177 - 0.316

cm ) WUleTAIAFLUTEANTN15aA MU AUV oW FUDSIALTY MINNITHRNUS LN

wulsa
1.000
1330keV

~ 0.800 -
£
&
5 0.600 -
§ y = 2.5421x - 4.8059
© R2 = 0.961
£ 0400 - L/%
©
© 1
()
c
= 0.200 -~

0.000 T T T T

2.000 2.050 2.100 2.150 2.200 2.250

density (g/cm?)

JUT 4.13 anuduniugseninendudssansnisaaveudaduaievessinegsdlonediues ve

AUAULLUUAIBE19999 °CO NTEAUNTIU 1330 keV

L1ANANTUIANUFUNUS TEMINIANUNULUUNUAUUSTLANTNTAANDUSTIFLNUNLTS

< o =

WU NUNENUsEANENSannauTELNUU LT LA ULRNTUAUAIAUILLUUR0E19 FagUT

£
[

4.13 099N dUUTEANTN15aANBUSIALNULWTUNEY MI9AMUAINTAUNTURINUSIET U

e
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Y a a

fuanunukiuesianiazruInvetevneudan adunfsavesezneuiivuinlvgvilvd

a

Po37193zIninedvadudidnaseutios vilisedliansanzaiuiandealadwinlnged
avviounauly esaniuedeaiinnunuiwiugannn dagui 4.13 wandiiiueg1ataaud

ANFUUTZANTNN5AANOUTWEUNUY UL DANUNAUILUUYDIAIDEIWANTY Y38 AUAINTD

lunstesiusdiuegiuanunuiuiuresian dennaednuiuideves (smail, 2012) Ala

Y

J
[y 1 LY

ANYINAAMUNUILULYDIADUNTANFNAZNTUNZA NHNaADELURANITAANOUSIFLANLT 270
HANITNAZDUNUITAIIUNUILUUADUNT AR NTUIN (2.5-3.3g/cm?) danaliAnioeaznis

AANDUSTIANLVUTUNUIN (77.5% - 89.0%) haLfI@DAARDINUINUVDY 913 hazAny (2013)

'
1 a

lonaaadldlangmindiudiluluionouniaietisdiiuanuunuuliniasiuvesiiedns 9
Ak dutafedidglunisaameussd dmlun1sanssAuaIINTULAZNITTINEUAA
Y9IANUANTUNEGIILINUTEANTAMNTaAoUTaIARUNTH tnY (Kahtan, 2013) a4

ABUNTANANNZNSUMANNTVUIALTUANEIADU INNANITNAADUNUINUSZANS NINA1Tannau

SedunuNT Uay TUAUIA WarNIINTEAERIN Al Lanelud uay wagdanuin1siiy

o v w al

AUk Ueeg At uliiisaneivs i Tanndss i luliuse@nsnin laenis
N5¥19M UALULIARUNTA ANaREMUINABNTTAANEUSIE LT nTsdlinsudeendawuugy
Fedanunsannnsznuiuunuius@launy N13nI2aeRINalaeeININALNBLAENTY

FreinUszansnnlunisneasudsunused 1neA1nanfanisnseaesINald@ueme diu

i
o v w 1 a

W EAUUINATFIUNYRIAdNUTEAVTNTAAUTAd R MEITA LAZAUNUILULYDITY
A79E79 NA1ABNANEINTEAUUINIATINEBEANalTNIINTEEAIR LRI uNuIdY

Y84 9 (Kahtan, 2013) 1U9UanNN13N528ANaLauavaInnaznaumraniiuadluluy

[V
v A

Aaeg19 Aeuluaddeasdawnsaaiuladndinsaseaedilad esnArdiudesuy

[ 1

UNIPIUVDIANENUTEANSNTAEUTRA UG MDA LaTANUNUILLLYDTUAIBE1NTAN

998 AWalTUIID8TUsEANS AlunsAuSd

4.3.2 Han1sENEIAAIUILIAS IR (Half-Value Layer)

'
o 1

ANUNUIATIAY (HVL) nedis anunuvesianismeaniuiavilin iy sad

[
[y U

meanuy a@uuaﬂaﬂL‘%ﬂ?mﬁamammrﬁuﬁmﬂﬂﬁz‘vm ANNANISANBIAITUNUIATIANUDY

'
o =

Aanaduas nasun

Y

¥ ¥ v a

4.14 WUINAIANUAUINYINLAANUTUYDISIFAnAIATINTLT (HVL) TAn

anasvusIvTINANINAznau LI sedlleTaniidnannlunsaedussdlaegunnagiiy
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WA HVL anasegaunnuiy Jadunaainninasneumaniinalnlunisdudinisveani

R GG RIT
2.5
q
2 —6—1.330 MeV
g
CAT 1172 MeV
T
>
S
9 I TT—
§ s
05 -
O T T T T T
0 10 20 30 40 50

Sludge (%)

sUN 4.14 ANUFUNUSTENINANAMUMUIATIAT FUUSUIIININAZNDUMAN

4.3.3 NANNSANYIONTINTAINIUSIFVDIF08193 oW RLUDST

70.0
<\
60.0
< 500 A
& /—s\
5 40.0 H \O
g 300 J y = -0.5598x + 66.278
= R2 = 0.9166
£ 200 A
10.0 -
OO T T T T T
0 10 20 30 40 50

Sludge (%)

JUN 4.15 Snsnsdeinusdvesiiegndlonediwesuun 1om Wuileduiudinnmunin

menau (Sludge to cly wt. %)
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a

NJUN 4.15 ns1n1sdeinusidvesited1edlonedmesnun 1 cm 1y

HanFuduUsuanInaznou waaslmiiulainsad Nt uenalagluiuausvsdatdu 100%

'
A v v Ay 1 [y [ 1

LA USIFABWEUNTIR BN AUDSNLAUNUT 1 cm WINTUNNDATIAIU WEAALNINAENDUY

9

'
v aa

WIANLINTUFILE 10 20 30 40 waz 50% wuitusunusednauldlefndu 59.8 59.5 46.8
47.3 wag 35.5 % aua1eu ziulainnkuilaneduasaiusanusedle 35-65 % fadn
ausanusadlausunamils wazdwiugasiiiuninaznawndnidy 50% awnsaiusedle
1MNNINATIVDISIENUABYDDN L USIUMBUNULNUAZAD U1 1 mm dAduuseansnng
AANDUSIALNULNTNAUWINAU 5.54 cm! wuuauzMaIunsanusIdlaunniedssas 100%
q./gjd a n‘tzl'd’ ::911421 [~ 91421' o o & 0o w o a 1 q'
aaudlenedwesnidnunidanudulllinasiniiluianindasd usensiiy

YPUAALAUDIH U NN Y WA Lansalunsius @ leunnduludnsseu

AN5199 4.6 N1SUSHUBUFUUSLANTNITAANOUTIFLNULNTILEUVDIR Lo N RN AUINUIVEDU

Co-60 Co-60
y sduuuns Y 1,172 keV 1,330 keV
L399 P anlszam  a@1senLe
Uu3U u HVL u HVL
(cm™) (cm) (cm™) (cm)
wulsd
(BaSO4)
Kahtan S. et al. - - . 15 % 0.177 3.91
Cast Aonadues - -
2012 30 % 0.183 3.78
50 % 0.214 3.232.
75 % 0.316 2.193
wulsd
Taban S, et al. w - . (BaSOy)
Cast Aonadues
2018 50 % 0.016 43.04 0.015 45.89
100 % 0.017 40.76 0.016 43.04
LAWLEN
Ali B. et al. - 5% 0.88 0.787
Cast ABDUNIN - -
2013 10% 0.89 0.778

15% 0.90 0.770
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20% 0.91 0.761
30% 0.92 0.753
Olukotun S.F. - o .
Yot Press lonediues - 0.120 5.794 0.112 6.164
NN
nENBU
wWian
0% 0.315 21985 03671  1.8880
This study Press Aonodmes 10% 0.4511  1.5364 04770  1.4531
20% 0.4783  1.4492 05447  1.2726
30% 0.6376  1.0870  0.6446  1.0752
40% 0.7370  0.9404  0.7352  0.9428
50% 0.8428  0.8225  0.8285  0.8367
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unil 5
a3U wazdalauaunue

5.1 &3y

nNIsAnwAantRvesianfuninduaseiilenedwesainfumiledludmia
UATA35IINTIINANAUNINAZNBUMANINTTUgRAIMNTIH ioNmunTuTanidssed

1 a = [ [ = = 3 v . = wa
WU fumllennndminuaseisssussleruseneundnidu SO, uag ALO, Fiinuauds
Panunsaundaesziduilenedwesiadlowniigamgi 600 °C WWuan 2 F9lua aevinli
Auldsulassasrsliduedugiu dwunnaznoumanfivwifudilvludlonediweslaldn
Usunas 0, 10, 20, 30, 40 LAz 50 % LA8IaTBIAY LNBTIBLALUSELENTANAITAUSIAWNLLN

£
%

wavinsNaNLazugUMeIEN15en uazuNnaamgiveaduian 28 fu

PNMsFnwautRdanIenmuestlenedwesauladn anuruiiludanintudomy
USunannagnauman Tngmnumunuiuegivng 2.026 - 2.207 g/cm? diusosazniinady

widuwilduanas Weldnmnaznewwdnliiiu 200% wazdiamanintu 11.7% i3uanin

' [
a = I

pgnaumEn 200% ndsniufesaznagadutihes q iindudelduuunnagnouman
1Nt 20% Tuvazfinnamusieusssavesiloneduwes fergeiianivindu 80 MPa UTunm
MnmzneumanYnAY 20% esnnnazneuvaniildluilonediweslddluumuiisngy
yhliarumuuiufinluiasnsgeduindosasdmamiumuiousdngeiu wardiaenndos
fusia SEM fluaninisnszane uazunindivesnnazneumaniuilonedweslad (liflsnsw)
lsifisoounnirivdeviau udignindoulaniledlenedmesldodned Jadmaliilonodiues
finauninmznouman 20% TiAnunusionsasags daun1sdnuilassainmisqaninves
Flonedwesiiemaia XRD uandliiuin aendinisiinljisendlonedweiilasead
wuuAandn wazndnvesusmendludumiedliiinnsasulaseadis Tumemsetudam
wsinaulus (Koaline) 1Wasuutaslasease (Deconstruction) tunsnesiveaaietie

a

ozgiludaLng (Aluminosilicate) FwhlAnluanavualvgiilassaiasuuuuedagua
fifi (Amorphous) ndsanntuiinnediuelsiedu (Polymerization) feliAnlassadisuuy
wavesilonedwesinesgiiunuasdainalumsiiuiumsasanssns uazgareiianisas
51 (Stabilization) Ingia3evngvesilensduwesidlassarsuvuiaavuindngniasuiy
wiotnevunlng anmswasuwlamdassadreivilislenedwesiinuatiosuind

(Yip et al., 2005)
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NNsAnwIAMaNUAnIINITanneusidvedlenediuesaumilenaunin

'
= 1Y [

AENDUMAN NTLFUNSIU 1.172 wag 1.330 MeV 91nunadniidasadunuun ©°Co wuqn

FuUszansnisaanausadunuundaduilawlsaun sanuUsuunINaznoumnan weagialsd

muANuaEnsatunsiusdldlavuiuanumnuiuvesianiiesegiuied waduiunis

Y v a

nsratedvesansdufuluianiduiendnieuiu lnedudssadnsnisanvoussdunuun

N =

Weduiagegaiiusununenawman 50 % fdaA1ganviniu 0.8428 + 8.5 x 1072 cm'® ¥

Y 9

FLAUNAIU 1.330 MeV hag 0.8285 + 2.8 x 1072 cm™! @ 1uSUnasinu 1.172 MeV @uan

14 v

AUTUN (HVL) ADANUAUNIN VNIRRT NS IFanadms 9Tl 9T siiAanasdl oUSu1aunin

{ i v o

aenouwmaniutu Tuguiovarved@iniuuiuiyesd wudukuilenedwesaiunse

Joatusedls 35-65 % NANUNUT 1 cm ANNaRU WaUSsusuiukiunzi? Ul 1 mm

a

FANFUUTEANTNN5aANOUSIALNULNTWFUNINU 5.54 cmnt WU UAENI@1U150 NS 9
lounndaSesar 100%
nWIdell agdladn mneeneuwvdniluvesdeaunsatesiuisdunumn

[

wazdaragasunuudustli Slonedwesly Fuunziiagvindudgneadvadyiiedunily

e

[

WTE esndgneasieandyAnnIn N AIliAUNUABLTISANINNT 17 MPa WazA1s

1%
[ 1

anndulasan 20.0% wavlunndnidinvesanslunuidedainuuinsgiu wen. 77 - 2545

Y 9 9
(%
Y

YNUUR

5.2 Yaiduauuz
5.2.1 msfnwnsdliisiiay3unaninasnaumaniulnaigau wewiiudszavsnm

Tunstesiuad Tnedemdiaudfegluveuinnisldnunaimnssuld

5.2.2 MISANYINSELALANUNUNITBIA9819MLINAIT 1 cm WilaiuUsEaNSAnlunns

Jaaniused

5.2.3 MsinsAnwnsiUasulasaianinanialuwsiagd 19918 veeen1T UL
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AUNURDLSIDR (MPa)

Sludge
. . . ' SD
wt. % ASaf 1 Asaf 2 Asaf 3 \nde
0 28.31 29.70 31.16 29.72 1.42
10 37.13 31.70 34.89 34.57 2.73
20 80.46 80.00 78.28 79.58 1.14
30 71.60 69.30 73.33 71.41 2.02
40 61.95 60.60 59.73 60.76 1.11
50 37.30 36.44 37.85 37.19 0.70
ANSI9T WN.2 AMUVLLLLUERRIEeUUIa % nnaznet (Sludge to cly wt. %)
Sludge ANUNUIULY (g/cm?)
SD
wt. % ASadt 1 adait 2 afadt 3 \de
0 2.017 2.035 2.026 2.026 0.009
10 2.078 2.078 2.073 2.076 0.003
20 2.128 2.132 2.124 2.128 0.004
30 2.157 2.148 2.150 2.152 0.005
40 2.171 2.166 2.172 2.170 0.003
50 2.200 2.190 2.23 2.207 0.021
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1IBDULI 1ADUVEITT % water absorption
Formular ﬂ%’j\‘iﬁ' 1 ﬂ%ﬂﬁl 2 ﬂ%ﬂﬁl 3 ﬂ%’jﬂ‘ﬁ 1 ﬂ%ﬂﬁ' 2 ﬂ%ﬂﬁl 3 ﬂ%ﬂﬁl 1 ﬂ%ﬂ‘ﬁl 2 ﬂ%’j\‘iﬁ' 3 Average SD
0 47.02 47.35 47.2 52.98 52.83 53.12 12.675 11.573 12.542 12.263 0.601
10 ar.7 47.71 47.67 53.43 53.4 53.37 12.012 11.926 11.957 11.965 0.043
20 47.64 47.97 47.85 53.27 53.53 53.48 11.817 11.590 11.765 11.724 0.119
30 47.85 a47.73 48.06 53.63 53.56 53.81 12.079 12.214 11.964 12.086 0.125
40 44.79 44.71 44.16 50.36 50.31 49.75 12.435 12.525 12.658 12.539 0.112
50 44.4 44.28 44.5 50.53 50.01 50.54 13.806 12.940 13.573 13.439 0.448
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Making and Curing Concrete Test Specimens in the

Laboratory’

This standard is issued under the fixed designation C 192/C 192M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This practice covers procedures for making and curing
test specimens of concrete in the laboratory under accurate
control of materials and test conditions using concrete that can
be consolidated by rodding or vibration as described herein.

1.2 The values stated in either inch-pound units or SI units
shall be regarded separately as standard. The SI units are
shown in brackets. The values stated in each system are not
exact equivalents; therefore, each system shall be used inde-
pendently of each other. Combining values from the two
systems may result in nonconformance.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. (Warning—Fresh
hydraulic cementitious mixtures are caustic and may cause
chemical burns to exposed skin and tissue upon prolonged
exposure.?)

2. Referenced Documents

2.1 ASTM Standards: *

C 70 Test Method for Surface Moisture in Fine Aggregate

C 125 Terminology Relating to Concrete and Concrete
Aggregates

C 127 Test Method for Density, Relative Density (Specific
Gravity), and Absorption of Coarse Aggregate

C 128 Test Method for Density, Relative Density (Specific
Gravity), and Absorption of Fine Aggregate

C 138/C 138M Test Method for Density (Unit Weight),
Yield, and Air Content (Gravimetric) of Concrete

! This practice is under the jurisdiction of ASTM Committee C09 on Concrete
and Concrete Aggregates and is the direct responsibility of Subcommittee C09.61 on
Testing for Strength.

Current edition approved June 1, 2006. Published June 2006. Originally
approved in 1944, Last previous edition approved in 2005 as C 192/C 192M - 05.

2 See section on Safety Precautions, Manual of Aggregate and Concrete Testing,
Annual Book of ASTM Standards, Vol. 04.02.

* For ref ed ASTM lards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

C 143/C 143M Test Method for Slump of Hydraulic-
Cement Concrete

C 172 Practice for Sampling Freshly Mixed Concrete

C 173/C 173M Test Method for Air Content of Freshly
Mixed Concrete by the Volumetric Method

C 231 Test Method for Air Content of Freshly Mixed
Concrete by the Pressure Method

C 330 Specification for Lightweight Aggregates for Struc-
tural Concrete

C 403/C 403M Test Method for Time of Setting of Concrete
Mixtures by Penetration Resistance

C 470/C 470M Specification for Molds for Forming Con-
crete Test Cylinders Vertically

C 494/C 494M Specification for Chemical Admixtures for
Concrete

C 511 Specification for Mixing Rooms, Moist Cabinets,
Moist Rooms, and Water Storage Tanks Used in the
Testing of Hydraulic Cements and Concretes

C 566 Test Method for Total Evaporable Moisture Content
of Aggregate by Drying

C 617 Practice for Capping Cylindrical Concrete Speci-
mens

C 1064/C 1064M Test Method for Temperature of Freshly
Mixed Hydraulic-Cement Concrete

C 1077 Practice for Laboratories Testing Concrete and Con-
crete Aggregates for Use in Construction and Criteria for
Laboratory Evaluation

2.2 American Concrete Institute Publications: *

211.3 Practice for Selecting Proportions for No-Slump Con-
crete

309 Guide for Concrete Consolidation

3. Significance and Use

3.1 This practice provides standardized requirements for
preparation of materials, mixing concrete, and making and
curing concrete test specimens under laboratory conditions.

3.2 If specimen preparation is controlled as stipulated
herein, the specimens may be used to develop information for
the following purposes:

# Available from American Concrete Institute (ACI), P.O. Box 9094, Farmington
Hills, MI 48333.

*A Summary of Changes section appears at the end of this standard.

C ©ASTM

Copyright ASTM International
Provided by IHS under license with ASTM
No reproduction or networking permitted without license from IHS

ional, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.

Licens 3082001
Not for Resale, 09/10/2007 13:48:12 MDT
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3.2.1 Mixture proportioning for project concrete,
3.2.2 Evaluation of different mixtures and materials,
3.2.3 Correlation with nondestructive tests, and
3.2.4 Providing specimens for research purposes.

Note 1—The concrete test results for concrete specimens made and
cured using this practice are widely used. They may be the basis for
acceptance testing for project concrete, research evaluations, and other
studies. Careful and knowledgeable handling of materials, mixing con-
crete, molding test specimens, and curing test specimens is necessary.
Many laboratories performing this important work are independently
inspected or accredited. Practice C 1077 identifies and defines duties,
responsibilities, including minimum responsibilities of the laboratory
personnel and minimum technical requirements for laboratory equipment
used. Many laboratories ensure qualified technicians by participating in
national certification programs such as the American Concrete Institute
Laboratory Technician Program or an equivalent program.

4. Apparatus

4.1 Molds, General—Molds for specimens or fastenings
thereto in contact with the concrete shall be made of steel, cast
iron, or other nonabsorbent material, nonreactive with concrete
containing portland or other hydraulic cements. Molds shall
conform to the dimensions and tolerances specified in the
method for which the specimens are required. Molds shall hold
their dimensions and shape under all conditions of use.
Watertightness of molds during use shall be judged by their
ability to hold water poured into them. Test procedures for
watertightness are given in the section on Test Methods for
Elongation, Absorption, and Watertightness of Specification
C470/C 470M. A suitable sealant, such as heavy grease,
modeling clay, or microcrystalline wax, shall be used where
necessary to prevent leakage through the joints. Positive means
shall be provided to hold base plates firmly to the molds.
Reusable molds shall be lightly coated with mineral oil or a
suitable nonreactive release material before use.

4.2 Cylinder Molds:

4.2.1 Molds for Casting Specimens Vertically shall conform
to the requirements of 4.1 and Specification C 470/C 470M.

4.2.2 Horizontal Molds for Creep Test Cylinders shall
conform to the requirements of 4.1 and to the requirements for
symmetry and dimensional tolerance in the section on General
Requirements except for verticality requirements of Specifica-
tion C 470/C 470M. The use of horizontal molds is intended
only for creep specimens that contain axially embedded strain
gages. Molds for creep cylinders to be filled while supported in
a horizontal position shall have a filling slot parallel to the axis
of the mold which extends the full length to receive the
concrete. The width of the slot shall be one half the diameter of
the specimen. If necessary the edges of the slot shall be
reinforced to maintain dimensional stability. Unless specimens
are to be capped or ground to produce plane ends, the molds
shall be provided with two machined metal end plates at least
1 in. [25 mm] thick and the working surfaces shall comply with
the requirements for planeness and surface roughness given in
the section on Capping Plates of Practice C 617. Provision
shall be made for fixing both end plates firmly to the mold. The
inside surface of each end plate shall be provided with at least
three lugs or studs approximately 1 in. [25 mm] long, firmly
fastened to the plate for embedment in the concrete. One base
plate shall be drilled from the inside at an angle to permit the

lead wire from the strain gage to exit the specimen through the
edge of the plate. Provision shall be made for accurately
positioning the strain gage. All necessary holes shall be as
small as possible to minimize disturbance to subsequent strain
measurements and shall be sealed to prevent leakage.

4.3 Beam and Prism Molds shall be rectangular in shape
(unless otherwise specified) and of the dimensions required to
produce the desired specimen size. The inside surfaces of the
molds shall be smooth and free from indentations. The sides,
bottom, and ends shall be at right angles to each other and shall
be straight and true and free of warpage. Maximum variation
from the nominal cross section shall not exceed % in. [3 mm)]
for molds with depth or breadth of 6 in. [150 mm] or more, or
Y16 in. [2 mm] for molds of smaller depth or breadth. Except
for flexure specimens, molds shall not vary from the nominal
length by more than Y16 in. [2 mm]. Flexure molds shall not be
shorter than Yi6 in. [2 mm] of the required length, but may
exceed it by more than that amount.

4.4 Tamping Rods—Two sizes are specified in ASTM meth-
ods. Each shall be a round, straight steel rod with at least the
tamping end rounded to a hemispherical tip of the same
diameter as the rod. Both ends may be rounded, if preferred.

4.4.1 Larger Rod, % in. [16 mm] in diameter and approxi-
mately 24 in. [600 mm] long.

4.42 Smaller Rod, % in. [10 mm] in diameter and approxi-
mately 12 in. [300 mm] long.

4.5 Mallets—A mallet with a rubber or rawhide head
weighing 1.25 £ 0.50 Ib [0.6 £ 0.20 kg] shall be used.

4.6 Vibrators:

4.6.1 Internal Vibrators—The vibrator frequency shall be at
least 7000 vibrations per minute [115 Hz] while the vibrator is
operating in the concrete. The diameter of a round vibrator
shall be no more than one fourth the diameter of the cylinder
mold or one fourth the width of the beam or prism mold. Other
shaped vibrators shall have a perimeter equivalent to the
circumference of an appropriate round vibrator. The combined
length of the vibrator shaft and vibrating element shall exceed
the depth of the section being vibrated by at least 3 in. [75
mm)].

Note 2—For information on size and frequency of various vibrators
and method to periodically check vibrator frequency, see ACI 309.

4.6.2 External Vibrators—The two types of external vibra-
tors permitted are either table or plank. The external vibrator
frequency shall be 3600 vibrations per minute [60 Hz] or
higher.

4.6.3 Provisions shall be made for clamping the mold
securely to the apparatus for both types of vibrators.

Note 3—Vibratory impulses are frequently imparted to a table or plank
vibrator through electromagnetic means, or by use of an eccentric weight
on the shaft of an electric motor or on a separate shaft driven by a motor.

4.7 Small Tools—Tools and items such as shovels, pails,
trowels, wood float, blunted trowels, straightedge, feeler gage,
scoops, rulers, rubber gloves, and metal mixing bowls shall be
provided.

4.8 Slump Apparatus—The apparatus for measurement of
slump shall conform to the requirements of Test Method
C 143/C 143M.
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4.9 Sampling and Mixing Pan—The pan shall be flat-
bottom and of heavy-gage metal, watertight, of convenient
depth, and of sufficient capacity to allow easy mixing by shovel
or trowel of the entire batch; or, if mixing is by machine, to
receive the entire batch on discharge of the mixer and allow
remixing in the pan by trowel or shovel.

4.10 Wet-Sieving Equipment—If wet-sieving is required, the
equipment shall conform to the requirements of Practice C 172.

4.11 Air Content Apparatus—The apparatus for measuring
air content shall conform to the requirements of either Test
Methods C 231 or C 173.

4.12 Scales—Scales for determining the mass of batches of
materials and concrete shall be accurate within 0.3 % of the test
load at any point within the range of use.

Nott 4—In general the mass of small quantities should not be
determined on large capacity scales. In many applications the smallest
mass determined on a scale should be greater than about 10 % of the
maximum capacity of the scale; however, this will vary with the
performance characteristics of the scale and the required accuracy of the
determination. Acceptable scales used for determining the mass for
concrete materials preferably should determine mass accurately to about
0.1 % of total capacity and the foregoing precaution is applicable.
However, certain analytical and precision balances are exceptions to this
rule and should weigh accurately to 0.001 %. Particular care must be
exercised in measuring small quantities of material by determining the
difference between two much larger masses.

4.13 Temperature Measuring Device—The temperature
measuring device shall conform to the requirements of Test
Method C 1064.

4.14 Concrete Mixer—A power-driven concrete mixer shall
be a revolving drum, tilting mixer, or suitable revolving pan or
revolving-paddle mixer capable of thoroughly mixing batches
of the prescribed sizes at the required slump.

Note 5—A pan mixer is usually more suitable for mixing concrete with
less than 1-in. [25 mm] slump than a revolving drum mixer. The rate of
rotation, degree of tilt, and rated capacity of tilting mixers are not always
suitable for laboratory mixed concrete. It may be found desirable to reduce
the rate of rotation, decrease the angle of tilt from the horizontal, and use
the mixer at somewhat less than the manufacturer’s rated capacity.

5. Specimens

5.1 Cylindrical Specimens—Cylinder dimensions shall be
as stipulated in the specification, test method or practice for the
laboratory studies being performed and shall meet the require-
ments of 5.4. If dimensions are not stipulated in a specification,
test method, or practice, the specimen selected shall have a
length that is twice the diameter and meet the requirements of
54.

Note 6—The same cylinder size should be used for the reference
(control) concrete mixture and test concrete mixtures when conducting
comparative studies such as those required in Specification C 494/
C 494M. For mixture proportioning of project concrete, it is preferable for
the cylinder size in the laboratory to be the same as that specified for
acceptance testing.

Note 7—When molds in SI units are required and not available,
equivalent inch-pound unit size mold should be permitted.

5.1.1 Cylindrical specimens for tests other than creep shall
be molded and allowed to harden with the axis of the cylinder
vertical.

5.1.2 Cylindrical creep specimens may be cast with the
cylindrical axis either vertical or horizontal and allowed to
harden in the position in which cast.

5.2 Prismatic Specimens—Beams for flexural strength,
prisms for freezing and thawing, bond, length change, volume
change, etc., shall be formed with their long axes horizontal,
unless otherwise required by the method of test in question,
and shall conform in dimension to the requirements of the
specific test method.

5.3 Other Specimens—Other shapes and sizes of specimens
for particular tests may be molded as desired following the
general procedures set forth in this practice.

5.4 Specimen Size versus Aggregate Size—The diameter of
a cylindrical specimen or minimum cross-sectional dimension
of a rectangular section shall be at least three times the nominal
maximum size of the coarse aggregate in the concrete as
defined in Terminology C 125. Occasional over-size aggregate
particles (of a size not normally found in the average aggregate
grading) shall be removed by hand picking during the molding
of the specimens. When the concrete contains aggregate larger
than that appropriate for the size of the molds or equipment to
be used, wet-sieve the sample as described in Practice C 172.

5.5 Number of Specimens—The number of specimens and
the number of test batches are dependent on established
practice and the nature of the test program. Guidance is usually
given in the test method or specification for which the
specimens are made. Usually three or more specimens are
molded for each test age and test condition unless otherwise
specified (Note 8). Specimens involving a given variable
should be made from three separate batches mixed on different
days. An equal number of specimens for each variable should
be made on any given day. When it is impossible to make at
least one specimen for each variable on a given day, the mixing
of the entire series of specimens should be completed in as few
days as possible, and one of the mixtures should be repeated
each day as a standard of comparison.

Note 8—Test ages often used are 7 and 28 days for compressive
strength tests, or 14 and 28 days for flexural strength tests. Specimens
containing Type I1I cement are often tested at 1, 3, 7, and 28 days. For later
test ages, 3 months, 6 months, and 1 year are often used for both
compressive and flexural strength tests. Other test ages may be required
for other types of specimens.

6. Preparation of Materials

6.1 Temperature—Before mixing the concrete, bring the
concrete materials to room temperature in the range from 68 to
86 °F [20 to 30 °C], except when the temperature of the
concrete is stipulated. When a concrete temperature is stipu-
lated, the method proposed to obtain the concrete temperature
needs approval of the stipulator.

6.2 Cement—Store the cement in a dry place, in moisture-
proof containers, preferably made of metal. The cement shall
be thoroughly mixed to provide a uniform supply throughout
the tests. It shall be passed through a 850-um [No. 20] or finer
sieve to remove all lumps, remixed on a plastic sheet, and
returned to sample containers.
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6.3 Aggregates—In order to preclude segregation of a
coarse aggregate, separate into individual size fractions and for
each batch recombine in the proper proportions to produce the
desired grading.

Note 9—Only rarely is a coarse aggregate batched as a single size
fraction. The number of size fractions will generally be between 2 and 5
for aggregate smaller than 22 in. [60 mm]. When a size fraction to be
batched is present in amounts in excess of 10 %, the ratio of the opening

of the larger to the smaller sieve should not exceed 2.0. More closely sized
groups are sometimes advisable.

6.3.1 Unless fine aggregate is separated into individual size
fractions, maintain it in a damp condition or restore to a damp
condition until use, to prevent segregation, unless material
uniformly graded is subdivided into batch size lots using a
sample splitter with proper size openings. If unusual gradings
are being studied, the fine aggregate may need to be dried and
separated into individual sizes. In this instance, if the total
quantity of fine aggregate required is larger than can be
efficiently blended in a single unit, then the individual size
fractions should be determined in a mass required for each
individual batch. When the total quantity of fine aggregate
needed for the complete investigation is such that it can be
thoroughly mixed, blended, and maintained in a damp condi-
tion, then it should be handled in that manner. Determine the
specific gravity and absorption of aggregates in accordance
with either Test Methods C 127 or C 128.

6.3.2 Before incorporating in concrete, prepare the aggre-
gate to ensure a definite and uniform condition of moisture.
Determine the weight of aggregate to be used in the batch by
one of the following procedures:

6.3.2.1 Determine the mass of low-absorption aggregates
(absorption less than 1.0 %) in the room-dry condition with
allowance made for the amount of water that will be absorbed
from the unset concrete (Note 10). This procedure is particu-
larly useful for coarse aggregate which must be batched as
individual sizes; because of the danger of segregation it can be
used for fine aggregate only when the fine aggregate is
separated into individual size fractions.

Note 10—When using aggregates with low absorption in room-dry
condition the amount of water that will be absorbed by the aggregates
before the concrete sets may be assumed to be 80 % of the difference
between the 24-h absorption of the aggregates determined by Test
Methods C 127 or C 128, and the amount of water in the pores of the
aggregates in their room-dry state, as determined by Test Method C 566.

6.3.2.2 Individual size fractions of aggregate may be
weighed separately, recombined into a tared container in the
amounts required for the batch, and immersed in water for 24
h prior to use. After immersion the excess water is decanted
and the combined weight of aggregate and mixing water
determined. Allowance shall be made for the amount of water
absorbed by the aggregate. The moisture content of the
aggregates may be determined in accordance with Test Meth-
ods C 70 and C 566.

6.3.2.3 The aggregate may be brought to and maintained in
a saturated condition, with surface moisture contained in
sufficiently small amounts to preclude loss by draining, at least
24 h prior to use. When this method is used, the moisture
content of the aggregate must be determined to permit calcu-

lation of proper quantities of the damp aggregate. The quantity
of surface moisture present must be counted as a part of the
required amount of mixing water. Surface moisture in fine
aggregate may be determined in accordance with Test Methods
C 70 and C 566, making due allowance for the amount of water
absorbed. The method outlined here (moisture content slightly
exceeding absorption) is particularly useful for fine aggregate.
It is used less frequently for coarse aggregate because of the
difficulty of accurately determining the moisture content, but if
used, each size fraction must be handled separately to ensure
that the proper grading is obtained.

6.3.2.4 Aggregates, fine or coarse, may be brought to and
maintained in a saturated surface-dry condition until batched
for use. This method is used primarily to prepare material for
batches not exceeding Y4 £t [0.007 m?] in volume. Care must
be taken to prevent drying during weighing and use.

6.4 Lightweight Aggregates—The procedures for specific
gravity, absorption, and preparation of aggregates mentioned in
this practice pertain to materials with normal absorption
values. Lightweight aggregates, air-cooled slag, and certain
highly porous or vesicular natural aggregate may be so
absorptive as to be difficult to treat as described. The moisture
content of lightweight aggregate at the time of mixing may
have important effects on properties of freshly mixed and
hardened concretes such as slump loss, compressive strength,
and resistance to freezing and thawing.

6.5 Admixtures—Powdered admixtures that are entirely or
largely insoluble, that do not contain hygroscopic salts and are
to be added in small quantities, should be mixed with a portion
of the cement before introduction into the batch in the mixer so
as to ensure thorough distribution throughout the concrete.
Essentially insoluble materials which are used in amounts
exceeding 10 % by mass of cement, such as pozzolans, should
be handled and added to the batch in the same manner as
cement. Powdered admixtures which are largely insoluble but
contain hygroscopic salts may cause balling of cement and
should be mixed with the sand. Water-soluble and liquid
admixtures should be added to the mixer in solution in the
mixing water. The quantity of such solution used shall be
included in the calculation of the water content of the concrete.
Admixtures, incompatible in concentrated form, such as solu-
tions of calcium chloride and certain air-entraining and set-
retarding admixtures, should not be intermixed prior to their
addition to concrete. The time, sequence, and method of adding
some admixtures to a batch of concrete can have important
effects on concrete properties such as time of set and air
content. The method selected must remain unchanged from
batch to batch.

Note 11—The mixing apparatus and accessories shall be thoroughly
cleaned to ensure that chemical additions or admixtures used in dissimilar
batches of concrete do not affect subsequent batches.

7. Procedure

7.1 Mixing Concrete:

7.1.1 General—Mix concrete in a suitable mixer or by hand
in batches of such size as to leave about 10 % excess after
molding the test specimens. Hand-mixing procedures are not
applicable to air-entrained concrete or concrete with no mea-
surable slump. Hand mixing should be limited to batches of %4
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ft® [0.007 m?] volume or less. Mixing procedures are given in
7.1.2 and 7.1.3. However, other procedures may be used when
it is desired to simulate special conditions or practices, or when
the procedures specified are impracticable. A machine-mixing
procedure suitable for drum-type mixers is described. It is
important not to vary the mixing sequence and procedure from
batch to batch unless the effect of such variation is under study.

7.1.2 Machine Mixing—Prior to starting rotation of the
mixer add the coarse aggregate, some of the mixing water, and
the solution of admixture, when required, in accordance with
6.5. When feasible, disperse the admixture in the mixing water
before addition. Start the mixer, then add the fine aggregate,
cement, and water with the mixer running. If it is impractical
for a particular mixer or for a particular test to add the fine
aggregate, cement, and water while the mixer is running, these
components may be added to the stopped mixer after permit-
ting it to turn a few revolutions following charging with coarse
aggregate and some of the water (Note 12). Mix the concrete,
after all ingredients are in the mixer, for 3 min followed by a
3-min rest, followed by a 2-min final mixing. Cover the open
end or top of the mixer to prevent evaporation during the rest
period. Take precautions to compensate for mortar retained by
the mixer so that the discharged batch, as used, will be
correctly proportioned (Note 13). To eliminate segregation,
deposit machine-mixed concrete in the clean, damp mixing pan
and remix by shovel or trowel until it appears to be uniform.

Note 12—An experienced operator may add water incrementally
during mixing to adjust to the desired slump.

Note 13—It is difficult to recover all of the mortar from mixers. To
compensate for this difficulty one of the following procedures may be used
to ensure the correct final proportions in the batch:

(1) “Buttering” the Mixer—Just prior to mixing the test batch, the
mixer is “buttered” by mixing a batch proportioned to simulate closely the
test batch. The mortar adhering to the mixer after discharging is intended
to compensate for loss of mortar from the test batch.

(2) “Over-Mortaring” the Mix—The test mix is proportioned by the
use of an excess mortar, the amount established in advance, to compensate
for that which, on the average, adheres to the mixer. In this case the mixer
is cleaned before mixing the test batch.

7.1.3 Hand Mixing—Mix the batch in a watertight, clean
(Note 11), damp, metal pan or bowl, with a bricklayer's
blunted trowel, using the following procedure when aggregates
have been prepared in accordance with 6.3.2.1, 6.3.2.3, and
6.3.24.

7.1.3.1 Mix the cement, powdered insoluble admixture, if
used, and fine aggregate without addition of water until they
are thoroughly blended.

7.1.3.2 Add the coarse aggregate and mix the entire batch
without addition of water until the coarse aggregate is uni-
formly distributed throughout the batch.

7.1.3.3 Add water, and the admixture solution if used, and
mix the mass until the concrete is homogeneous in appearance
and has the desired consistency. If prolonged mixing is
necessary because of the addition of water in increments while
adjusting the consistency, discard the batch and make a new
batch in which the mixing is not interrupted to make trial
consistency tests.

7.1.4 Mixed Concrete—Select the portions of the batch of
mixed concrete to be used in tests for molding specimens so as

to be representative of the actual proportions and condition of
the concrete. When the concrete is not being remixed or
sampled cover it to prevent evaporation.

7.2 Slump, Air Content, Yield, and Temperature:

7.2.1 Slump—Measure the slump of each batch of concrete
immediately after mixing in accordance with Test Method
C 143/C 143M.

Note 14—The slump test is unsuitable for concrete so dry that it
slumps less than 4 in. [6 mm]. No-slump concrete may be tested by one
of several means described in ACI 211.3.

7.2.2 Air Content—Determine the air content, when re-
quired, in accordance with either Test Methods C 173 or C 231.
Test Method C 231 should not be used with concretes made
with lightweight aggregates, air-cooled blast-furnace slag, or
aggregates of high porosity. Discard the concrete used for the
determination of air content.

7.2.3 Yield—Determine the yield of each batch of concrete,
if required, in accordance with Test Method C 138. Concrete
used for slump and yield tests may be returned to the mixing
pan and remixed into the batch.

7.2.4 Temperature—Determine the temperature of each
batch of concrete in accordance with Test Method C 1064.

7.3 Making Specimens:

7.3.1 Place of Molding—Mold specimens as near as prac-
ticable to the place where they are to be stored during the first
24 h. If it is not practicable to mold the specimens where they
will be stored, move them to the place of storage immediately
after being struck off. Place molds on a rigid surface free from
vibration and other disturbances. Avoid jarring, striking, tilting,
or scarring of the surface of the specimens when moving the
specimens to the storage place.

7.3.2 Placing—Place the concrete in the molds using a
scoop, blunted trowel, or shovel. Select each scoopful, trow-
elful, or shovelful of concrete from the mixing pan to ensure
that it is representative of the batch. It may be necessary to
remix the concrete in the mixing pan with a shovel or trowel to
prevent segregation during the molding of specimens. Move
the scoop or trowel around the top edge of the mold as the
concrete is discharged in order to ensure a symmetrical
distribution of the concrete and to minimize segregation of
coarse aggregate within the mold. Further distribute the con-
crete by use of a tamping rod prior to the start of consolidation.
In placing the final layer the operator shall attempt to add an
amount of concrete that will exactly fill the mold after
compaction. Do not add nonrepresentative samples of concrete
to an underfilled mold.

7.3.2.1 Number of Layers—Make specimens in layers as
indicated in Table 1.

7.4 Consolidation:

7.4.1 Methods of Consolidation—Preparation of satisfac-
tory specimens requires different methods of consolidation.
The methods of consolidation are rodding, and internal or
external vibration. Base the selection of the method on the
slump, unless the method is stated in the specifications under
which the work is being performed. Rod or vibrate concrete
with slump greater than or equal to 1 in. [25 mm]. Vibrate
concrete with slump less than 1 in. (Note 15). Do not use
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TABLE 1 Number of Layers Required for Specimens

Specimen Type and Size Mode of Numbers of Layers
Consolidation of Approximate
Equal Depth
Cylinders:
Diameter, in. [mm)]
3 or 4 [75 to 100] rodding 2
6 [150] rodding 3
9 [225) rodding 4
up to 9 [225] vibration 2
Prisms and horizontal creep
Cylinders:
Depth, in. [mm)
up to 8 [200] rodding 2
over 8 [200] rodding 3 or more
up to 8 [200] vibration 1
over 8 [200] vibration 2 or more

internal vibration for cylinders with a diameter less than 4 in.
[100 mm], and for beams or prisms with breath or depth less
than 4 in.

Note 15—Concrete of such low water content that it cannot be
properly consolidated by the methods described herein is not covered by
this practice. Provisions for specimens and methods of testing will be
found in the standards concerned. There are concretes that can be
consolidated by external vibration, but additional forces on the surface are
required to embed the coarse aggregate thoroughly and consolidate the
mixture. For such mixtures the following procedures may be followed:
using external vibration fill 6 by 12-in. [150 by 300-mm] cylinder molds
in 3 in. [75 mm] lifts using a 10-1b [4.5-kg] cylindrical surcharge, or 3 by
6-in. [75 by 150-mm] cylinder molds in 2 in. [S0 mm] lifts using a 2.5-1b
[1-kg] cylindrical surcharge. The surcharge should have a diameter ¥4 in.
[6 mm] less than the inside of the mold. Simultaneously each lift should
be compacted by external vibration with the surcharge on the top surface
of the concrete, until the mortar begins to ooze around the bottom of the
surcharge.

7.4.2 Rodding—Place the concrete in the mold, in the
required number of layers of approximately equal volume. Rod
each layer with the rounded end of the rod using the number of
strokes and size of rod specified in Table 2. Rod the bottom
layer throughout its depth. Distribute the strokes uniformly
over the cross section of the mold and for each upper layer
allow the rod to penetrate through the layer being rodded and
into the layer below approximately 1 in. [25 mm]. After each
layer is rodded, tap the outsides of the mold lightly 10 to 15
times with the mallet to close any holes left by rodding and to
release any large air bubbles that may have been trapped. Use

an open hand to tap light-gage single-use molds which are
susceptible to damage if tapped with a mallet. After tapping,
spade the concrete along the sides and ends of beam and prism
molds with a trowel or other suitable tool.

7.4.3 Vibration—Maintain a uniform duration of vibration
for the particular kind of concrete, vibrator, and specimen mold
involved. The duration of vibration required will depend upon
the workability of the concrete and the effectiveness of the
vibrator. Usually sufficient vibration has been applied as soon
as the surface of the concrete becomes relatively smooth and
large air bubbles cease to break through the top surface.
Continue vibration only long enough to achieve proper con-
solidation of the concrete (see Note 16). Overvibration may
cause segregation. Fill the molds and vibrate in the required
number of approximately equal layers (Table 2). Place all the
concrete for each layer in the mold before starting vibration of
that layer. When placing the final layer, avoid overfilling by
more than %2 in. [6 mm]. When the finish is applied after
vibration, add only enough concrete with a trowel to overfill
the mold about % in. [3 mm], work it into the surface and then
strike it off.

Note 16—Generally, no more than 5 s of vibration should be required
for each insertion to adequately consolidate the concrete with a slump
greater than 3 in. [75 mm]. Longer times may be required for lower slump
concrete, but the vibration time should rarely have to exceed 10 s per
insertion.

7.4.3.1 Internal Vibration—In compacting the specimen
insert the vibrator slowly and do not allow the vibrator to rest
on or touch the bottom or sides of the mold or strike embedded
items such as strain meters. Slowly withdraw the vibrator so
that no large air pockets are left in the specimen.

7.4.3.2 Cylinders—The number of insertions of the vibrator
is given in Table 3. When more than one insertion per layer is
required, distribute the insertions uniformly within each layer.
Allow the vibrator to penetrate into the layer below approxi-
mately 1 in. [25 mm]. After each layer is vibrated, tap the
outside of the mold at least 10 times with the mallet to close the
holes that remain and to release entrapped air voids. Use an
open hand to tap cardboard or single-use metal molds that are
susceptible to damage if tapped with a mallet.

7.4.3.3 Beams, Prisms, and Horizontal Creep Cylinders—
Insert the vibrator at intervals not exceeding 6 in. [150 mm]
along the center line of the long dimension of the specimen, or
along both sides but not in contact with the strain gage in the

TABLE 2 Diameter of Rod and Number of Roddings to be Used in Molding Test Specimens

Cylinders

Diameter of Cylinder, in. [mm] Di: of Rod in. [mm] Number of Strokes/Layer
2 [50] to <6 [150] 3% [10) 25
6 [150] % [16] 25
8 [200] 5 [16] 50
10 [250] 56 [16) 75

Beams and Prisms
Top Surface Area of Specimen, in.2[cm?] Diameter of Rod in. (mm) Number of Roddings/Layer

25 [160] or less
26 to 49 [165 to 310]
50 [320] or more

% [10) 25

% [10] one for each 1 in.2[7 cm?] of surface

56 [16] one for each 2 in.?[14 cm?] of surface
Horizontal Creep Cylinders

Diameter of Cylinder in. [mm] Diameter of Rod in. [mm] Number of Roddings/Layer
6 [150] 5% [16) 50 total, 25 along both sides of axis
6
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TABLE 3 Number of Vibrator Insertions per Layer

Specimen Type and Size Number of Insertions per Layer
Cylinder: Diameter, in. [mm)]
4 in. [200 mm] 1
6 in. [150 mm] 2
9 in. [225 mm] 4

case of creep cylinders. For specimens wider than 6 in. [150
mm], use alternating insertions along two lines. Allow the shaft
of the vibrator to penetrate into the bottom layer approximately
1 in. [25 mm]. After each layer is vibrated, tap the outsides of
the mold sharply at least 10 times with the mallet to close holes
left by vibrating and to release entrapped air voids.

7.4.4 External Vibration—When external vibration is used,
take care to ensure that the mold is rigidly attached to or
securely held against the vibrating element or vibrating surface
(Note 15).

7.5 Finishing—After consolidation by any of the methods,
strike off the surface of the concrete and float or trowel it in
accordance with the method concerned. If no finish is specified,
finish the surface with a wood or magnesium float. Perform all
finishing with the minimum manipulation necessary to produce
a flat even surface that is level with the rim or edge of the mold
and which has no depressions or projections larger than s in.
[3 mm].

7.5.1 Cylinders—After consolidation finish the top surfaces
by striking them off with the tamping rod where the consis-
tency of the concrete permits, or with a wood float or trowel.
If desired, cap the top surface of freshly made cylinders with a
thin layer of stiff portland cement paste which is permitted to
harden and cure with the specimen. See the section on Capping
Materials of Practice C 617.

7.5.2 Horizontally Cast Creep Cylinders—After consolida-
tion strike off the specimen with a trowel or float, then trowel
the minimum amount required to form the concrete in the
opening concentrically with the rest of the specimen. Use a
screed curved to the radius of the specimen to more precisely
shape and finish the concrete in the opening.

8. Curing

8.1 Initial Curing—To prevent evaporation of water from
unhardened concrete, cover the specimens immediately after
finishing, preferably with a nonabsorptive, nonreactive plate or
a sheet of tough, durable impervious plastic. Specimens shall
be stored immediately after finishing until the removal of the
molds to prevent loss of moisture from the specimens. Select
an appropriate procedure or combination of procedures that
will prevent moisture loss and is nonabsorptive and nonreac-
tive with the concrete. When wet burlap is used for covering,
the burlap must not be in contact with the fresh concrete
surface and care must be exercised to keep the burlap wet until
the specimens are removed from the molds. Placing a sheet of
plastic over the burlap will facilitate keeping it wet. To prevent
damage to specimens, protect the outside of cardboard molds
from contact with wet burlap or other sources of water until the
molds are removed. Record the maximum and minimum
ambient temperatures during the initial curing.

8.2 Removal from Molds—Remove the specimens from the
molds 24 + 8 h after casting. For concrete with prolonged

setting time, molds shall not be removed until 20 * 4 h after
final set. If needed, determine the setting times in accordance
with Test Method C 403/C 403M.

8.3 Curing Environment—Unless otherwise specified all
specimens shall be moist cured at 73.5 = 3.5 °F [23.0 £ 2.0
°C] from the time of molding until the moment of test (Note
17). Storage during the first 48 h of curing shall be in a
vibration-free environment. As applied to the treatment of
demolded specimens, moist curing means that the test speci-
mens shall have free water maintained on the entire surface
area at all times. This condition is met by using water storage
tanks or a moist room in accordance with the requirements of
Specification C 511. Cure structural lightweight concrete cyl-
inders in accordance with Specification C 330.

Note 17—The temperature within damp sand and under wet burlap or
similar materials will always be lower than the temperature in the
surrounding atmosphere if evaporation takes place.

8.4 Flexural Strength Test Specimens—Cure the flexural
strength test specimens in accordance with 8.1 and 8.2 except
that while in storage for a minimum period of 20 h immediately
prior to testing they shall be immersed in water saturated with
calcium hydroxide at 73 £ 3 °F [23 £ 2 °C]. At the end of the
curing period, between the time the specimen is removed from
curing until testing is completed, drying of the surfaces shall be
prevented.

Note 18—Relatively small amounts of drying of the surface of flexural
strength specimens will induce tensile stresses in the extreme fibers that
will markedly reduce the indicated flexural strength.

9. Precision and Bias

9.1 Data to establish precision statements for various testing
required by this standard were obtained in the Concrete
Proficiency Sample Program of the Cement and Concrete
Reference Laboratory.

9.2 The single-operator standard deviations for slump, unit
weight, air content, and 7-day compressive strength of trial
batches have been found to be 0.7 in., 0.9 Ib/ft’, 0.3 %, and 203
psi, respectively; therefore the results of properly conducted
tests on two trial batches made in the same laboratory should
not differ by more than 2.0 in., 2.5 Ib/ft?, 0.8 %, and 574 psi,
respectively. This precision statement is considered applicable
to laboratory trial batches proportioned to contain prescribed
quantities of materials and to have a constant water-cement
ratio. The values should be used with caution for air-entrained
concrete, concrete with slump less than 2 in. [SO mm] or over
6 in. [150 mm], or concrete made with other than normal
weight aggregate or aggregate larger than 1 in. [25 mm]
nominal maximum size.

9.3 The multilaboratory standard deviations for slump, unit
weight, air content, and 7-day compressive strength of trial
batches have been found to be 1.0 in., 1.4 1b/ft* 0.4 %, and 347
psi, respectively; therefore, the results of properly conducted
tests on single trial batches made in two different laboratories
should not differ by more than 2.8 in., 4.0 Ib/fe, 1.1 %, and 981
psi, respectively. This precision statement is considered appli-
cable to laboratory trial batches proportioned to contain pre-
scribed quantities of materials and to have a prescribed
water-cement ratio. The values should be used with caution for
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air-entrained concrete, concrete with slump less than 2 in. [SO  10. Keywords
mm] or over 6 in. [150 mm)], or concrete made with other than
normal weight aggregate or aggregate larger than 1 in. [25 mm]
nominal maximum size.

9.4 Bias—The procedures for the test methods in 9.3 have
no bias because the values obtained from each of those test
methods are defined only in terms of the test method.

10.1 concrete; cylinders; laboratory; prisms; strength testing

SUMMARY OF CHANGES
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Abstract

In this study, a geopolymer composite material from iron sludge was developed as a gamma-
ray shielding material and to study the influence of iron sludge from industrial plants It has on physical
properties and radiation attenuation. The main raw material was Nakhon Si Thammarat clay, a concentrated
alkaline solution containing 2:1 of sodium silicate solution (Na,SiO,) and sodium hydroxide (NaOH) solution at
a concentration of 10 M. And iron sludge at 50 % by weight was mixed and formed by compression method.
From the results of the experiment, it was found that the physical properties, density, water absorption, and
strength of the composite geopolymer in compressive strength increased when iron sludge was added, its
strength was increased by 25 %. Also, it was found that the linear gamma attenuation coefficient at 1330
MeV power level was increased with the added iron sludge amount or a 167 % increase. The radiation
transmission rate decreased when the sample thickness was thicker.

From this research It can be concluded that the iron sludge has the ability to block gamma rays and

increase the strength of the geopolymer as well.

Keyword : geopolymer, iron sludge, linear attenuation coefficient, gamma-ray, transmission
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AzNauN AN UNgITIRaNTR lun9leeiuiadng vnlialanedweisssuaainsoiuiadls mane
amiuh Ul luamnea¥e fin a1an9suiad wu Teeliiandslsnnny wieseeynia uazlsanenung
Aue wnuutiwsd anneduniaden lndluewrandwmiuntsuidoywilaniau nfaniual wwaiunsn

Taaiussd lanae

L3 aa
aUnsnluazEnng

2.1 Wwnaudlglunisinsansatng
lun1sdnmudanaunani lilunisvinalanedines AeAumT 828 INAITAATATEITNINTTIE
avAlsznauvaniiuaesusiluatend (Quartz; Si0,) innawluw (Kaolinite; AlLSi,O, (OH),) wazdalas
ABAARBINTLNIANHN108ATIAT UaraIALszNaUNATAILAAS T Table 1 A1NNM33LATIZH XRF WLI9N
luAudsznausan Si0,, ALO, uas Fe,0, AB 57.00, 25.43, WAz 5.13 wt % ANAIAL uaTNIaTINd 141y
- o Il 4‘!’:4 a _a v G aa 19 < <l o
nswisaNsfeg1elun1sAnmdAe nanaznewmdnfiganalas nwmanid tassaiananduuuniding

1 v ]
(Maghemite) wazesAilsznauntaninanidumanaanlas (Fe,0,) Tutluiagwaaianseiliindnain
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ﬁﬂﬁﬂﬁmﬁﬁLﬁﬂmﬂqimmuqﬂmunsm uansly Table 2 annsAnmesAlsenaunannudndaoiuduly
et didugounanluianalanediued Weth i szgnsfldiduianlesiuuaznisaaneussase
14 el 600 °C iluiaan 2 daluemdaniuAuwilen AlanedweiRumilinasudannnazneumdn
wapAlavdan lavreslamandainaiuaisazata ladenlansanlss 10 M (NaOH) A udaduiigenaly
rdasaiige Falmstreunhilldneunuda (A. M. Mustata Al Bakri, H., 2012)

Table 1 XRF Analysis data of Nakhon Si Thammarat Clay composition

Component AlLO, SiO, K,O TiO, Fe,O, Rb,0 ZrO

Clay (%) 2543 57.00 3.16 0.95 5.13 0.05 0.05

Table 2 XRF Analysis data of iron sludge composition

Component Si Fe P Ca K Cu Zn

Iron sludge (%) 3.01 91.7 1.31 2.37 0.22 0.20 0.49

Figure 1 (a) Clay from Tha Sala District Nakhon Si Thammarat Province
(b) Iron sludge from the wastewater treatment pond of the factory
AunanIaIdNTaratAadsacanalAaNdaINg (Na,Sio,) Aaarsazaaladanlansanlas

(NaOH) A2 2:1 Tnaanudndurasasazaneladenlansenlss Ae 10 M uazdnsazans MAsNTaNA

2.2 2ANUUUAIUNAN WAENSHANLAZTUSL

Table 3 Mixing and forming formulas

No. The amount of substance compared to 100 parts clay by mass
Sample Clay solution Iron sludge
1 100 45 0
2 100 45 50

UIAULIRANAUNINAZNAUAINAILAITATAILAINGAT UAZIUIUAEN1TEAT 2000 Lausbe

A131989 lunsanszuen (@uruAueEnaNaYini L 25 H88L1NAT ANGIVINAL 50 HaRWAT) Aald e
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. o wa o & '
NARBUANNNUABUNDANTNNIATIIU ASTM C192 NAADUANUALTNNIENTN uazmugﬂtﬂuuuumqnau'lﬁ

] - v
Iidutihuguenanaviniy 70 Haawns wun 10 Fadwns nenagaudulss@nsnisannauiad andule

'
o ' =l
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Figure 2 The molded samples used in this study (a) testing the radiation attenuation coefficient

(b) testing physical properties.

2.3 MInagay
23.1 nIMAsaLAAMUFeUINER Tnamauussaatinedn 1 uazAsiaue aunsziviue A
7 uazumn Tmaﬂ-ﬁumaumwmaauri?aLwhh%uﬁqathqmnizuanqamq”mL&’uquuﬂ'nmq ua
FruanmATLLS udmiftudetwldlustemasey UAUINGIAANIATUIUNIANNUABUINER
2.3.2 nmaaay ua:msﬁwwzmmwumuﬂuﬁum?qwﬁufﬁ FA9ANNTT 7 uALf 2 namagey
Tnansugsethluindune 24 $2lus uazdapanauansreseniminieuwazudanisudiniu Ae
annasniignaedudnliluusazdaeting

A=[(M-D)/D]x100

—_

1)
Tne A Fi'\msqﬂ%uﬁﬁﬁmﬂu (%) Manaiunaseududadaminiugld 24 hrdndlu g uaz D waady
nageuRauwi Ay g
AMNUUNLUU = N2aADEN/UTHRTFRE N (2)
2.3.3 NMINAGEL UAZAINIANLSZANENMIAANEUIRUNIIN
nMedaAduszaninisaanensidunuanlneldunuanaalnsiinefreasiansmadulnidonle
Telad Nal (T) unuiFesuas Adidutihuguinats 3 2 x 3 3 (Akkurt, 1., 2009) Tnldunaariniinded
WNNAANEIRTALBAG 60 Tdeendsaadunuan 2 409 Ao 1.172 uaz 1.330 Lingddnasenliasuaz

v
NININAAR[L Figure 3 WUNTUAALNUEINSZUAUNNMARSY Usenausag 2 Tunau
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> a2 = o o 1o el
2.3.3.1 fumauusn Ae dunsunisaanauiignaaseulnanisdndnmdiueeinisuifdineg
uususaeEne wazinnAunAtedswazdudsuuas e ildanugnaesrainisinuas
Weusaspmaiane luusazFaatng
B A s ¥ 2 e e e
2.3.3.2 funauiiaes Ae TunaunisiinAuuresutuimat W IilAMIuILANFNY e

= o & o
AEUANNANNUSTLNTAANA Y

Figure 3 Schematic representation of the setup of the measurements.

NMsANAANLSEAVEN1IAANAULEITRAUNNIN
[=Ie ™™ 3)
{ae 1o A ANNETNIBIRRUNNNINBUAZHIUAINATS
[ A8 AYNENTEIIR UNNNMAIEUFAINA

W Aa dudss@nsnisganautessionanAaluy cm’
HANNTNARDILAZIANTOL
s o a s o . [ '
4.1 NMSANMANLBLEINENMWARNIFAILA WD RLNBSNDATIHIUADININASNAUNRANAN ]

Table 4: The average values of linear attenuation coefficient with standard deviation, the compressive

strength, density and water absorption for the geopolymer were tested

Water @ :
Iron Compressive Density Linear attenuation Transmission(thickness)
absorption

ff ” -1
(%) sosficlem i) 1cm 2cm  3cm  4cm  5cm

v w2 125 osmoos [N

50% 37.20 2.210 134 0.8428+0.0854 622 60.2 498 47.0 30.0

sludge  strength (MPa) (g/cm3)

AMIILLUIEAAEsenavaTaneAweslinanninaznaumaniiFwiniy 2.026 nfusie

ANUANIUALNAT UATHBNANNINAZNAWMAN 50% HAWINTL 2.207 NFNABQNUIARLIUFAKNAT A9RAN

<

- .3’ - - < ! - = o ' a =
INNTUNB INNLTUIUNINA LN AUMANNNTY HAIRINNINASNAUUANNAMNUUILUUAINIAUNUELL LD
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naud iUz A smmnuivaTeanedinesRides naniAfaduan uazAnsgadaindiuua i
\aiduiguiu (Bouzarjomehri et al., 2006) ietFnmnanaznaumnanndu asfnisgaduiniaiy
9% Weaifeuiuibifinnaznauman

nammaaLANLTTTesTandasznauATanede faumnazneumanlugrrindesn 7

YSununinaznauman 0 uaz 50 wefiduslaguiimingesdiumilan fengnisuxn 28 Ju Aalu Table 4

'
° o o o -

. L . 5 Roie b
AU NIRRT UNINAZNAULUAN A9 AN THAT NN AL UTIS AL NTWANN 29.73 11U 37.20 tune

v a L3 [ o o -' I .I x 3 ° o o
1haana MAABFITUANIAIBANNTIU 25%) NITINNAUTBIAINIAIEA 1A UNANNAIN 1. TUIAUAZNNT

nszanFaresgnuiaianeludvnu santslassaitmmen s luivauiiviusandngn srdau
81 7 (Ali, B. A, et al., 2013; Kahtan S. M., et al., 2012) 2. n1iiARUEINATTEINAMLTTNELTR9A

Tawa@inas 1 Si0, ALO, luRwmilea fiu Fe,0, NNAYNau

4.2 HANTSIASIENANUSERNENISAANDUITUAUVRITIRUNNNN

ANNIMAALLNATNE29 “Co Train U asafaR UNNNINTEALNAIIU 2 199 AB NITALNANIY

[l
o

1.172 uaz 1.330 winzBidnasaulansl Figure 4 Taamuualil || unuAawnaiunldanmsinidiaglaud

° o o

Taniuied uazimmua v | unuAtannaiunldannsinieddiagniudaadaniniefadvseutiusetng

<

WumsFeuinsuan naiundala luusasmetnanluinininaznauuana iy daudna liiiudniled

Q’ 4’ ° vl QI < v ¥ o d. o val
mManFurssnnaznauN N R aGumg livideaududuresi @ninlatiAanag
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Figure 4 Gamma ray spectrum obtained from *Co source
HaNIANEIAENLsEANEN A AN U AUN NN TIdUTeA lane Al e T AMUTHEINANNINATNEY

-3 ; a o a o i o o
WANTUFLAEAEN198R AU 1 luRWASs TnaANNNALNNNINTEAUNAI 1.172 UaT 1.330 MeV

a o

ANUUAINIEARRLNNN “Co Table 4 NUIMENYsLANENNTaANBURATUAUT A ANANLTNIININ

[
a a <

< : - o - i o o
ALNBUUANNIANNTY (Ali, B.A. et al., 2013) Tnedulseansnsaanauiad FadunszAunasatu 1.330 Mev
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FAWINATU 0.3152 cm™ dususiaetinaalanedinas dnnAznawman JAWINAL 0.8428 cm™ & nsu
o - 5 st 4 ,
Aq08193 laND AN ATNANINATNAUMAN 50% UIBLANTY 167% TAUTTUNANIAINANUUILUUFINUD

Fatnegeqn (Khalid, 0., 2011) AnuaglddmsisBununinazneuwnandll ualanedwes o

E . Z e e
N s ANEN M INaNUTA IFANNTuARAARITLNNLUASE Ali Basheer Azee et al., 2013
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Figure 5 The transmission rate of geopolymer with 50% sludge content as a function of thickness

Figure 5 8msn13dainuiadaassiatnalanadmaMiFunnininazneu 50% wuNeriduiu
o 1 v o ¥ o 1 1 o aa ¥ ﬂ. J
AN Tasinatuan iUl Fd ensnsdar i@ Tuun uanaaiia A umrunnnau (Akkurt, 1. et
] v
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