
Upgrading of Ceramic Raw Material and Products for Ceramic Industry: Year IV (Southern Part) 

l~UJ 


.... 
",·nntlll 2554 



II 

, 
m"U1UJ 

Hl'll'YI:::!ihJ'lI 0 1 ':; '14 0 
~ '1 ~~' 

lu. I~~'U. tJ b~ M ~t,1 

c, 0' 
2. ~'.i. 'lflt)! 1l'.i'.iVl1l..!'lfV 

0' ... . 
3. 	 '.itl.:Jf1lf1'm 11ll'.i tI ~'U tI tll'W::;'Vj.:JEl 

tlllll'.i 6'\.h::; ~ lf11fll'lfllf1'~f1lf1'(9){ fltU::;1'Yltllf1lf1'(9){ llW1Il.:Jf)'j rulJ'I'111'Yltll"V 
q 	 q 

4. 	 'Ul.:J'\.hr~m lJrulnu 

lIl'tlll..!f)1'.i f1'()1'Ul..! f1'mlJl..!l')v 1m1 ::;!!Il::;1f1'~ llW1Il.:Jf)'jru lJ'I1l1'Yltll"V 
q 	 q q 

1. 	 ell'ill1~ Vl1. if~~11W i!tt'~~'It (lrnn!11flHfll1) 

i-hvlf1'~!"lrniJf) f1't)1'Ul..!l,)v lm1::;uIl::;1f1'~ llW1Il.:Jf)'jrum111'YlVl"V
q 	 q q 

, 
, ~ ~_I 

3. ell'ill1U m. (;f1'U't11 tt).Ju'Ul't1 

~lVlf1'~!"l5'.i1iJf) f1'tl11J'U l,)V1m1::;uCl::;1f1'~ llW1Il.:Jf)'j rulJ'I111'Yltll"V 
q 	 q q 

'11l'11U'lf)~lJ~ 4 f)1'.i~WJl..!l'lH''lJUHflWfI1'Vjl(9)tl~hJUIl::;H~\9Jj1Wcn
q 	 q q q 

, 	 A'
4. 1el.:Jfll(;fYlHU11U m. tl1~'U't1 ~l'U't1tl'l 

tll'ill'.i 6U'.i::; ~ lfl1fll'lflf)1'.i tltlf1! !'IJ'lJD(9)f1'1'11 m '.i lJ flW::;f1'tll'U(9)Vm '.i lJfI'l f1'(9) {
q 



• • 

• • • 

• • 

III 

t! v 	 A C\ 

5. 	 t>Hll'.itl VI'.i. tu!l~VIl 'lfTl-Ufl'.lflQt'I 

~lU11.'l'l1fl'j'HJ 'CY()l'U'W1<OU 11.'l'l1::;UI.'l::;1'CYfl ~lnl.'l-:Jfl'jrulJ'I111'VlUl~tJ 
Q,.I 'jJ 	 I ~ IV 0 'J,I 

'I11'11'Wlf)'llJ'Vl 6 mHfI'V11~l'W'lJB1qj1.'l 

6. 'WN(;Tl1'lhltlA ~V1'W1~~hm1 (tTf)1<OtJf)~lJ~ 1)• 

. 

.c:t. Q V .t:::Io V '.d 

7. 	 'Wl~(;Tl1fl'Wfl1'.i'.itu U(;T~mtlWlf,fYlti ('Wfl1~tlfl~lI'Y1 1) 

~lU11.'l'l1fl'j'HJ m)1'u'W1 <OU 11.'l'l1::;tm::;1'CYfl ~Wll.'l-:Jf)'jWlJ'I111'VltJ1~U· . 
.ct 	 .c::::.. v t! V.Q Q,..I ,..::i 

8. 	 'WNtll1(;T1t'1 !(;T'WlVfYlfl'tl ('Wfl1<Utlfl~1I'Y1 1) 

~lU1MIt'1f)liJf) 'CYt:)1'U'W1<OU 11.'l'l1::;UI.'l::;1'CYfl ~Wll.'l-:Jf)'j rulJ'I111'VltJ1~U 

I 

t! Q .at. Q.I.c:::::..Q.I' .c:i 
11. 	61<Ul'.ltl m. fltj'tlWl f1'.ilt'lf1'1;lQt'I ('Wm~Uf)'llJ'Vl 4) 

~lUl'CYfI'Y'Wi1tlJB{ 'CYmU'W1<OU1 I.'l '11::; Ul.'l::; l'CYfl ~.Wll.'l-:Jf)'jWlJ'I111'YlUl~U I 
. 

t! IV QJ cv t! Q.,IQQ.j' '.c:S 

12. 	t>l<Ul'.ltl m. '.i~'t1t'1 HQ't1'Wf! ('Wfl1<Utlfl~1I'Y1 4) 

~lUl'CYflVWi1tlJB{ 'CYmU'W1<OU 11.'l'l1::;UI.'l::;1'CYfl· 	 . . 
Q V QV ,t:I 

13. 	m. 'l'Wtu Utl'l'l'tl ('Wfl1<Utlfl~1I'Y1 4) 

~lUl'CYfll'1f'niJf) mllU'W1 <OV 11.'l'l1::;ul.'l::;1'CYfI· . 	
I< 	 • 

QVQ~ QJAQJ '.c:I 
14. 	'Wltl6V1f1flVl Ot>'t1t'16t1 ('Wfl1<Utlfl~lI'Y1 4) 

~lUh'l1fl'j'jlJ {1'()l'U'W1<OU 11.'l'l1::;UI.'l::;1'CYfI· 
v 	 • 

Q.I 	 Q..I A QJ' QQJ ,.ct 
15. 'Wl-:J(;Tl1'W'YItill'W V1'1V1'.i'lllVl'l ('Wfl1<Utlfl~1I'Y1 5) 

I 

I 



IV 

'jI I Q CV 

N'lf1V1'iW 
'" 

v 
18. mmTYlti'Ul Ufl1V1l'UVI"J q q 

<;j} I QCV 

N'lf1V1'ilV 
'" 

<;j}T QCV 

N'lf1V1'ilV 
'" 

'jI I C). QJ 

N'lf1Vl'ilV 
'U 



v 

, .... ~ 

'll'U'U'YI 1 
, " 

fHj f1~HiltJ m l'l1 'fi \111191 (l fl '.i '.i lJ WI ~ tJ\lil 'U ~ 'U lrmiJ I'll lJl tJ 

, " 


'ffm'U Jll'Vm {'I:::; f)1'.i lh :::;dJ 'U f)1 '.il~i'lJ 'U 111191 (l f)',j ':i lJ lfI~ tJ\lil 'U ~ 'U l~m iJ1'11 lJltJ 


, 

'll'IJ'U'n 2 f)1'.iff1':i "H)U~lJlruff1':itJ\I~'UmiitJ":rrl91()~'lJ• 

, , " 
'll1J'U," 4 f)1'.i~i'lJ'U lU{'I:::;Ui''UU':i\IN~I91A'ruct1lfl~tJ\lil'U~'Uu:n 

q 

, 
IV .t:I Q.I Clto Q..' rI 

'll 'U'U'YI 5 f)1'j tJ tJ flU'lJ 'lJU{'I:::;'W i'lJ 'U 1H{'I191 Jl ru "VI 

, 

'll1J'U," 6 f)1'.itJ'lJ'jlJ U':i:::;'lnfflJ~'U£ U{'l:::;lHtJU'Wiml\ll'UU':i:::;~lTI I 
I 

I 



VI 

I. n,i BI~VHYri 'l.h~'lfl~lJ'W'U,rO'l~lIl fl11lJrl1f1t1j UCl~~H'lf)1'j~h!'u'U'I1'W'UB'I 1f1Hf)1,jtJfl'j~~'U 

f1rumy.r)\9ltl~'UIICl~H~ \9lnrucnrl1'Hi'U'il\9lCl'TVj fl'j'WICJI'j 1ilfl 'j 1lJ "l11o'lf)1'j IHm!'Y'l~ mfl()mHuI!Cl~lWJ'U1i'j'jlJ
q q q 


I I V " I I 


V{B'Ii1'W'UB'I'lflJ'lf'W 11\9ltlfl'j 'j lJlfl1 B'IlI 'W ~ l!!rl1'1'U'~ 'UYI lill'H lilt!'lli'rtl'U YI ~~fllln Cl'11i 1'j ru'lf'U 
q ~ 

." . 
rlClf)1'j~1IiJ'U'I1'U'UB'I~h'U'I1'WU'l'UlJYl4 'j~'H11'lI~B'U\9lmfllJ YUl2553 O'lI~B'Wiltl'U1V'U 'VU'l 

q q 

2554 lJ rlCl f)1'j ~ 11 iJ 'U f)1'j ~'1U 
." 

"1 ~lJ f)1'j thm1 B\9lfl11lJ ~UCl~1 'Yl fI 1'U 1 ClV un H'lh ~ flfl'Uf)1'j '1 'W 'lflJ'lf'U 
'" '" q 

91 g), .::::I, 

rll'U1'j1lJfl'ilfl'j'jlJ 'j1lJ 241 
~ 

'W1'U1'lf1~ I 'U'Ylfl11lJ (Jownal Advanced Materials Research) UCl~lhCl'l.JflHCl'll'U'1'U~'lh~'lflJ'1'W'j~~'U
q 

"" .,,;
'W1'W1'lf1\9l 1 !'JB'I (2011 International Conference on Energy, Envirorunentand Sustainable 

I v 'j), I 

Development) lJf)1'j'lh~'lf1~lJ'W'U,r~1'UiYB1ml'1fnr~1'U1'U 5 f1f'l 1'Yl~ 1 f1f'l iYBiY'IVllJ~ 4 'U'Ylfl11lJ UCl~ 
.." . 

Cl'tI'UCl''U 'Uf)1'j I~ V'Uf)1'j Cl'B'U 2 11fl'l 'Uflfl'il1flU tJ'IlJ f)1'jiJf'UiJ'j '1ii1'U'Ii'BlJClU'Hri'l~'UU\9l'lI~ lJI~lJUfl~1'U1'U 3 
q q a.9 cu 

• ,.. I I 1 

Imri'lYlltJ'UHCl'll'W'UB'I1m'I f)1'j 1~vi 'WlJu UCl~IHVU'Wi 'Ii'tJlJ Cllf1 V1n'U~'UU\9l'l1 ICl~fl11lJ~111"1iJlf1t!1n'UICJ$'j1
'" '" 



VII 

Summary 

The objectives for this part of the project were 1) to publicize the project and the research results 

achieved as well as publicize the identity and culture of the 4 targeted areas, 2) to transfer knowledge and 

technology obtained during the project to local potters, small and medium enterprise in addition to 

academia and general public and 3) to develop and maintain the Thailand red clay database. 

The outcome for the fourth operating year (from October2010 - June 2011) was successfully 

achieved according to the objectives and outputs set for the project. The knowledge and technology 

gained from this project had been transferred to public through training, seminars and other activities. 

The total number of participants, 241 persons, was obtained from these 6 activities. The findings of I 
this project were presented as an article in scientific journal (Advanced Materials Research) and at the 

international conference (2011 International Conference on Energy,. Environment and Sustainable 

Development). Selected project activities in each targeted area had been broadcasted 5 times in cable 

television, once on radio and four times in newspapers as well as in supporting of 2 academic course .. 

Moreover, the clay database had been developed and the information of the 3 targeted areas from this 

year's project were added into the database. The useful information of red clay and the general I 
knowledge of ceramic were maintained, which can be accessed at the website of the Metallurgy and 

Materials Science Research Institute, Chulalongkorn University. 
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3. l!'I1ri~lfl~tl~il'U~'U!Nl iillf1tl'lf~m~ 

'jUII'U'UflUf)'J'jlli'Uf)l'jtl'U'jll U'j~'lfl'ffm~''U£'Utl~ Ifl'j~f)l'j"l U'j~f)tl'U~1U 2 ri1'U'\1~f) 1~!!f;
'" 

" 
f)l 'j ci lU'Yl tl~fl 1111~11(1 ~ 1'Yl fll 'U h~ 11(1::; f)l'j INtJII 'Yl-i N(I-ll'U1~v I ~ V'j uU'U 'U U(I::; IU tlm 'U tl~ fl U f)'J 'j II 

'" '" 
" l'Uu~(I~ri1'Un~-lii fitl 

." .d " . 
f)Uf)'J'jll'Yl 1 f)l'j u'j ~ 'lf1l91 II U -lll (I::; II (I f)! U ~ V'U fl 1111~ ~lli 'U 'j ~ 'I1'h~ Vi II 1~Vf)'U• 

flUf)'J'jllVi 1 f)1'HNu!I'Yl-iNml'Ul~vi'Ul:)f-ll'lflf)l'j 

flUf)'J 'jllVi 2 f)l'j U'j~'lfl~ll-W'U £1fl'j -If)1'j'Yll~~tl~~~m4/I 'YJ'j l1ffU I 
f)l'jiY'U '" 1JiY'U 'U f)l'j 1'ja U'U f)1'j iYtl'U . 

I 
• )J I Y , 

fl Uf)'J 'j llVi 1 f)l'j U'j ~'lf1l91!1 U~II(I~1!(lf)!U~ tJ'U fl 1111~~ 111 'U f)1J'I11..hv,n'U i 'U~'UViU(I~. 
. " 'V_ 1 9' '" a l' ~l 'V '" i:va _I a

~1J'j~f1tl1Jf)1'j ~'U'j~'\111n'U'Yl 17-18 mf1t)lflll 'Yl.ff. 2553 'Yll-l !fl'j~f)1'j"l ~ U~ '\111f)1'j1J'j~~ll'lfUU-l1!(I~ 

oJ L'::\ ~ Q.f I 3J ~ 31 3l~ .d 31 ~, Q.f 

! mmu(I V'Ufl1111fl ~1'11 'Uf11J'\1'U 1m1'lff)1':i'Yl tl-lfl'U NU'j ~f1tl'lJf)1'j U(I~N'Yl !f1{JJ'U tl-l'Yl-l 3 1!'\1(1~ I~Vl'Uf)l'j U~ 
'" '" 

I 

I 
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dV] 9J Q.> ~ & Q,.I ~ 'jI iI 'jI.d 9J ~ i ~I I

lh~ 'lPJ'U !~HU'Jfll1'flI1J'U 211'yHl\l"l Cl~fl'Hn! !'VH)Cl'~'fllfl~H)fj1.h~flel'Ufll'mCl~1111'l1'Ull'll'lel\ltl'U 'Ufll'H'Ul 

" f UW\lfll'J9flll1\l'Uel\ll m \lfll'J 

" , " 
l'fltJfll1m 'J:JJii ij1l?ltl1.h ~ Cl'\l'fl'!'~ 'El9f 1111\l'\H)'UI'UI?lIICl~Il'U ll'l1\lfll'J Vi 1\l1'U 'U'El\l1 m \l fll'J "I. 

i ~tl'Uflci:JJ ~Hi'll?l 'I1t.J ltJ\ll'U'Jl<tffll'J IICl~'I1t.J ltJ\ll'Ul1''El\l~'U~!~tJl<Uel\l I?lClel'f1l1'UO\lCl'tll'Uf1mni'U<tf:JJ<tf'U'I1 ~ 'El. '" . 
im11~ tJ\l I~elj l:JJtl'Um~elIlClfl!iJ~ tJ'Uml:JJ~ 'fllti 'UI~ tJltl'UiJ'J~I~ 'Utlty'l111 ICl~fll1:JJ~el\lfll'J i'U fll'Ji\9lI'Ul 

, " ,
"'I ~ "" i Q,.I tJ' ~ 0 9JQ,I 9J 'jJ

1m 'El\lu'U 'f1 'UlH1 'fltJfll'J 'J ~'f1:JJCl':JJ'El\lI!Cl~Cl':JJfl1'l:lill 'J ltJ'UflflCl !'VWl'l1fll1m 11 fl!!Cl~Cl''J 1\lfll1:JJfl 'Ulflt:Jfl 
Q,.I 

'U. '" . 
I t::I ~ Q.I Q..I' 'jJ 'jI 3J Q,.I '91 ~ QQ 0 I 

'J~ 'I111\ll'l :JJll1 tJfl 'U fl Cl :JJ<tfll'U l'U H HCl I?l H'U 1<tf:JJ<tf'U 1?l111l'l'U'I1 'U ltJ\ll'U 'J l<tffll 'J IICl~ '11 'U ltJ\ll'U 'Yl 'El\ltl'U tll'Yl 
q <'U 'U q 

" , " 
'UltJelll,fHJ i\9ll'Ulm I~'U~'U 'U 'Elfl'illflii rJ\l~fl'ilm 'J:JJfll'J I<U l<tf:JJfll'JHi'll?llfl~el\ltl'U~'UlHl'Uel\lIl'l1ci'l~ l\l"l 

c\ i3ld ~Q.llr19J'jJ\rL.ld 9J d'~ d 'jIoCl Q..I ~ ... I 1 til 0 ~.Q

I'VW '11 'Yl:JJ1'il tJ !'fI l'Ul !ulfl'U'U 'El:JJ ClIICl~l!m 1~'I1 uUJ'I11'Yl1I'Yl 'ilHel'U 'il~!1J'Uu'J~ !tJ<tf'U1?l 'Elfll'J'fIl!'U 'U\l1'U'U'El\l 
'" u 

'" ""'" l'l:JJ111tJ (mflH'Ulfl 1) 

.did .d .Qdv 

fll'J iJ 'J ~ <tf:JJ1 'W 'El<tf1111 \lIlCl~IIClfl!iJ Cl tI'U fll1:JJfl 'fI1 '11 'U fl'U. 
" , 

'I1t.J ltJ'Il'U i'U~'UYiIlCl~~1.h~fl'El'Ufll'J ill ~'El'llh ~<tf:JJ'" . 

http:Q.llr19J'jJ\rL.ld
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1~.,tmllm::6\'1J 

1wt~q~1Jua:~~~" 
il6lltl~flmJl'ilnnfl n 2553 

" , 
I 'I'" '" v. I • I 'H 'W d tJ -:) 1 'W ~ 'W 'W 'W 'Vl U" ~ ~ lJ 'j ~ fH) 'lJ f11 'j Ul ff1" llJ 'j ~ 'lf1 fllJ 

ih!fl~'l$~~d~ ih!fl~'lf~~d~ .o·m1~'Wmff~1i'j'jm1'lf 

n11fl'jnJ~ 2 f11'j~'lJ'jlJri1tJ'Vl~~fld1lJf!t"~I'Vlfll'W l"v!tri~Hil\9l !t"~'lflJ'lf'W'l'WmilJ 
qJ q,j q q 

IfI j v'Irl'W ~WH1!i11'I1lJ1tJ~'I 3 !!'H ci'l 'I1'W '1 'W rid'W if11~ltl'W n n ri ltJ'Vl~\9lfld1lJ fU"~! 'Vl fll 'W hv~ i ~11 1n.. 
" , 

f)1'j ~lltJ 'W f)1'j i.otJ'UV'I1 fI'j 'If)1'j i l1v'IncilJl1'Wvhi1l'l11J1fl 1 \9lfln 11fl'j 'j lJv~tJl1 'j ~n~u~dtJ. 
.Qd QI -=::. QI 0' Q.I " " 

J. f)1 nfO'W d 1i f)1 'j II,,~ 'U 'U \9l ~ 'U f11':i ~~m 1'lJ 'lJ HCl\?1 fl Ul CVI 1 fI'j 'I 
, " " 

2.f)1'j mn\9ll!"~f)1'j 'C1'V'WI'VlfltJ fI f)1'j Hil\9l1fl1V'IiJ'W~'W!Hl~dtJi~ f)1'j mi~!t 'lJU 1 fli''I 

" " eo ~ d. gJ .C), QI <Ie. Q..I 

3. f)1'jC1'l1i\9lf)1Jlfl"~'lJ'Ulm!!"~H"\9lflUi,CVI\9l'W'H~lJ 1 flJ'I 

'" 

5. fllJ.o\9l~lJlJlnl9f'li'lflf11nh'Hi''lJfl1f1~\9lC1'l'HmJlJ!!"~'I1ni'lflf11'j 1 fli''I. 

I 


I 
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Iii. S.I 

1h11)'v~ tYl tlill 1'W f) 15 'iH 11) Nclftl! fl1 tl 'I 11 'W ~ 'W!N 1 fi tl nJ UlJ'U'lJ tl'l N~ Iiln til ct1 
U '\.I IU 'U 

" i\?lm,n'l1~ N~liln\Uct1lilnU~'l~l'W ~'l'l1'W'Yl1'lim 'If)1':i ~'l~\?lhlN1J'l~f)tl'Ufll'l 1~!'lhl.J1iJ ~h'W~ llJ I'W fll'l 
'" 

" 
- fll'l~\?ltl'U'llJ 1~'ll'U'lllJN1J'l~ fltl'Ufll'l1)lmnrci'l!ill11lJ1Vl1'l 3 !mci'llJ11'Ufll'l 

'" 

"" TYlVlf))'U'l'lV1V 
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" ~I.fi1'i llJ OlJ'j lJ l~flJfllllJ~.u'U \?IO'U 1'U flU otJml lJlJ flU I~ tI'U HlJlJ1 1~ ~lf)H 'j ~ il'U ~l~ 1 ~ l~tlij
~ ~ 

I 'JI I· I 

flru~ ~11ltl!lI'UTI!~ tI~'lhtlH 'U~':h IljtJ~lJf11'jNf)tJlJ'j"lJ flru~ ~11ltll~fl~l~tJf)!!lJlJ1 l~ lyjtJ'Y1~~O~f-l~\?I
~ ~ 

lfJ !lfJ 9J I ~ I lfJ d d~ iJ... 1 dI I 0 

tJlJ 'jlJ !lir;11:lJl'jtI~\9.l.I'U If-l~\?I.t1ru CV1 !~ tltll\1\?1tJ! 'U tI~ U\?I tJtll\1 t'j f)mlJ f)lJf-lu 'j ~ f)tJlJf11'jlJl\l'j lV'Vl'U 1~1'U 
~ 

f-l~~1'U ~I ~tJtJ f)UlJlJ I U'Y1~~tJ~ f-l~\?IllI'U~'U!!lJlJ 

., 

, " 
2 ) f11 nnn\?I H~~ f11nYtJ'U! 'VlflUfI f11'j f-l~ \?IlfI~ tI\liJ 'U ~'Ulf-ll~lfJ1n f11'j 'I-Hl til!lJlJ 

~lf)m'j~hn~mll.1~tI~m'j!!lfri~lill'HlJlfJ 'WlJl1 iJmllJ~tI~m'j~ ~~~\9.l.I'UluflJU') ~. 
'" ,''' . 

m~lJl'Um'j~'Ut Uf-l~\?I.t1rucvl 111 tI~~lf)m'j~'UtU!!lJlJI~ lJ fttJ !!il1-.m~'U ~tI\I1i'm\l:!J1f) !!~~lli III 'U11 r;1'Uh'lltl~ 
, • 'JI , 

1lJ11'IfW u'j~f)tJ1Jf)1J~tJ~~~m'j1i'~'Ut'HiJ tlJ1\?1Q ~1J~~ 111 tI~~lf)~ 'UiJ~'Ul'J'UI.w lJ~ 'U!!~~~ 'UfJ rufl1'W~nl~lJ~n~ 
~ ,.. Y I 

UfI~'U ~~,r'U'Vll~lm'lm'j~'Il~ftm:n!!~~~\9.l.I'Ulm'j'HritJ~'UnMlm.h~'U!!~'I l\?1t1!,r'Um'j1-h~'U1'Ul1tJ'Iil'U:!J11i'
~ 

1'U~1'U'Hritll~tllli~tJ'If-l~lJ~'U'IIll ~'Il~lfltI'\;hdll~~:!J1H~11'U lm'lf)1'j"l il~ 1 2 l!~~ 3 ~'Immmfm1-h~'U 
" t'HiJtlJ1\?1Q~lJlwh'l'll'U'IItJ'I!!'Hri'llill'H:!J1t1l1'13 tt'Hri'l 'IItJ'Ifl1f11~ :!J1ftmn 1mrtl'lufiil~f)1'j 'WlJl1 ~1:!J1'j() 

" 'iJ , 

tJ l:lJl'HritltJ 1~'U l~~ ~'11~tJ 1'11t11t1~~ lUV'lV11-llll~tlf)nll~ f11 'j ~ 1 n \?II! ~ ~ f)U ~tI 'U!l'lfI Uflf11'j ~~\?I 
, " 

!fI ~ tI ~ iJ 'U ~'U!H1~1 tl1n f)1'j 'H ri tJ!! lJ lJ 

I 

I 
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n~m'JlJhJf11'JHm)'lJ 'HJ 'lh~fHl'Utl';W f1l'j'U'J'JfJ1fJ (1'lTII'1 fll'j'Yl~H'ltJ'I'tJBD~'lJtJ'I 

Nt"h -i 1 lJ tJ 'lJ'j lJ U n ~ fll 'j lJ tJ 'U 'l1 :IJ1fJ 'lTW i 11'U11 'l.JH f) 11~ vi tJ "W fll 'j Hi) \9l tl'W U'lJ 'lJ 
'" , " 

f11 'j tJ 'lJ 'j lJ f11 'j (1'1 TI \9l1l n ~ f11HH)'W I 'YlfltJfI f)1'j Hi) \9l1fl5 tJ'I tI 'W ~ 'WIH 1tl1 fJ ill f)1 'j 

'l1ciml'lJ'lJ lrltJ1'W~ 10-11 -B'W11f1lJ 2553 ru ft''WVt'1fJ'Wr~1'lJmJ1f)'W''W B11flmlJtJ'I .ij'l'l11~'WfI'jft'11i'J'j:lJ'j1'l$
'" '" ... 

" 
i ~ fJ i 'W fll'j.ij~tJ'lJ'jlJ I tln N'tJ'j ~f)tJ'lJfll'j mm 1'l1 ci ~1111'l1 :IJ1fJl1'1 3 I mci'l:lJ1i' 'lJf)1'j tJ'lJ)"lJ-i 1lJO'W 

'U 

" " ,
fll'jtJ'lJ)"lJfli'~{:j Itln N'tJ'j ~f)tJ'lJfll'j lW~Nl1 (1''W i ~Nl'li'1-i 1lJtJ'lJ'jlJ'tJ'j~:IJ1ru 34 fI"W... ... ... 

~ , i <J} II] d 'I_~ <J) ., <J} <J}': d 

(fllflH'W1f) 3) C]f\l:lJ1~1f)'VJf)f)'llJl1J1'l1:1J1fJ'lJtJ\I m~f)1'j ~1'lJ1'j'lJf)1'jtJ'lJ)"lJ b~l)"fJ'W'lI'WtJ'l11 !'Wf)1)"I\9l)"UlJ 

" " 
UUVllJ.w fll)"I\9l1 fJlJU1~ 'W Un~f)1)"'l1 citJU1~ 'W 'l1~\I~lf)fllH"tJ'W Ue)11tln f1l'J i 11'NI'Ii'1tJ'lJ'jlJItl'Yl~ntJ\I'l1 citJ 

" 
~'W'j 'tJtl1fJl'1'Wlt)\I i~fJi ~UUVllJ.wl1~l1 

I 

t'hI 'tJl~ 'W1'i''Wll'lJ'lJ Un~IlUVllJ.wl1NtJ'lJ'jlJl\9l1 fJlJltJ'I 
v V I 

... '" 

. " 


'W tJ f) ~1f){:j 'Yl1~i'Yl fJ1m V'll tl~~ I'11lJHn~l'Wlm~111'fllU"W~U1 i 'W f)1'J 1l0tlty'l1111tl 

N'tJ 'J ~ f)tJ'lJ f11'J ~wl'lJ';hN'tJ'J ~f)tJ'lJfll'J~ I'Ii'1tJ'lJ'jlJ 1 'WfI# ~~ 2-d' l~ 'WN Hi) \9l1fl~tJ'Irl'W~'W1Hl\9lf)llvi\l(1'1'W
<u 'V • <u

," , 
lU tJ\I'iJ1f)(1'1:1J1'jf1U1fll'J'l1 ci tJ~'W 'J 'tJl'tJ1~'Yl~ntJ\lHi)I'1'!tJfJ il'i'i~fJCl\I'Yl"W iU:IJ1mIf) ljjmill fJ'lJIl1VUf)1'J Hi)\9l" . 
i)illln~~1fJ)"tJ\lJ1fJ1\1'Wl'J 1 tJ~l'1i)"n1'11lJi "Wf)1'j~ ~\9l1lJfl11lJn'l'm'!1'IJtJ\I\l1'W ~ lJtJ'lJ'l1:1J1fJ111'Nl'li'1i''lJf11'j 
~ ... 

tJ'lJ)" lJ'Yl~ntJ\I'tJB D~ 1'W h ~'11'W 'W'lJ11 ~1'W1m1J iu itl~ llU 'W f11H "W lie) 1l(Yi ~ lit tJ\I~lf)1'i' tJ\ll-i \IHi)\9l 

," " 
Hi)\9l.nrucn~l'l1ti lmm~tJ'Ylf).nUl11n~~'W 1'W 'lf1\1I9l'luvi I~ tJ'W -B'W 11fllJ Iln~n'W lfllJ. 

http:fll'j.ij
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>I 	 >I 

ttJ~ 1.5 	 t11'H)lJ ';i lJU (l ~ LYl~ ~t11';i ~'U t tJ ~1tlt11';i 'H rl fJ1.h~ 'U w tl'U 6t11';i 

l~ tl'U ~l?lllJ(ltJlflVi'U iillflmilo-:) ~-:)'H 1~'U mf'f~ ti';i ';ilJ';i l'lf .. .. 

>I , , 

'illfl fll ';i fJlJ 'J:JJ t11'J l1 rl fJll1~'U ii ~,1(ll11n~~m iT eJ-:)~ eJ ii ~tJ 'J ~ fl fJlJ fll'J;leJ-:) fll 'J N~fl~'U i 11'.. 
>I >I 	 • 

fll';il1 rleJ~'J';itJ~1tlt11~'ULYllJl';i tl'lWlt'JNC'l !tJrifll';i Nft\91 '1 'U1;-:)VilW'lf6i'UYlfJ-:)()'U!~ ~-:) !~~~.yh~mLY'UfJ.. 	 .. 
Iii" 	 if 

i fl';i .:Jfll';i fll'JVlI'lJ'U llfl~fJ.:Jll'U ~'U INlliTfJ~'U II~-:)fllfl i;l~1tlfll';i'H rlfJt11~'U i ~tl'IJfJ.:J'UtJ ';i ~lJlWLYtTlJLY'U'U. 

I 
>I 	 • >I 

3) fll'J LYl~~fll';i Ifl~fJlJ~ IDlm'lf'U~lfl~fJ-:)1l'U~'UlN11I C'l~ Nft\9ltlW en~'Ul1 tllJ 

fll'J Nft \9Ilfl~fJ-:)rl'U~ 'UINl ii l'VlfltJflfll';i ~ flIl~ -:)f:hodl-:)'H iJ-:)~ fJ fll'J Ifl~eJ'UNft\9ltlwen 

& 'J} ct& ,: Q q tjJ Q.I I I <;' & d ~ ~ 
C}j'.:J\9I eJ-:)lJ fl'fl'l:JlLYm 'lJeJ.:JI'U eJ~ 'U •'HI'H lJl~ LY:JJ fl 'UU\9I (l~!ll1 (l-:) 'Vll-:) !flHfll'J 'il.:J:JJ fll'J fll';it1fl'l:lllflC'l fJ'U U(l~

" 
Ifl~fJ'U~ID1i 11'wli 'J .:J-:)l'UD1tl'J eJ.:J JltJl.:J Vi 1'J1 !I~ eJdl.:J!'J ~\9Il:JJli1a.:J 'illflflrl:JJ~Nft\9llfl~eJ.:Jrl'U~ 'UINltJlflVi'Uii. .. 	 .. 

"" , 
r1fl t'Jfll Vi i'U fll'JVlI'lJ'U lNft \9Itlill cvllfl~alJI ~'1 'U a'U lfl\91 ~-:)!~~~n 'ilm 'J:JJtj ~'UI'~mll 'U fll'J LYfJ'U!lC'l~LY1TI \9I.:Jl'U 

~'iJ';i ~fleJ'Ufll';it11111ioMlli 'U'Vl1-:)I~eJfli'Ufll';iVlI'lJ'U1N~\9Itlill cvl'IJa-:)\9I'UIfJ.:Ji11'ii lJ (lrilIYilJ~'Ul1~aLY~1-:) i fJfllLY" 	 .. 
,., " ,., iI 

i'Ufll';i'IJtJ1V\9lm~~eJitJ i'Ufll';ifJmlJflf-:)tjii~LY'U'1'il'l'1.:JiY'U 6 fl'U (fllflN'U1fl 4).. 
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" d'j} 'j} cv 

'U tlmnf)'U ~H'U l)1J.. 
... IIJ ~d ~ d ~ _I "i "'" "'" ... .

f)l'jtlU'HJtI~ !~t'j tJ'U'j f)1'jtWl'j tJll{1'l'j'\1tllJ'j~!'l1 V~ lVUfllJ9H'l'U1 ! 'U t'Vlfl'U f1f)1'j'lf'UHClWlfltUCVI UCl~'Vl~Cltl~'lf'U 
qJ cu q q 

HilWlfiwcn~lt1\f11Jl'\1 tllJ'j~t'\1 tI~'Vll~l'VllJlm 1~1i'~tWl1 tillHl-H' 

"'" ... d

1'Vltl1mtt{1'~~HCl~1'UtflCltl'U'il1f)~Wl 'j'Vl 

~\PlJ'U1 '~'U-H'tl-:jtJBu~f)1'j 
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I 


I 

: , " 0'f)1H)UnJf)1')'I!U'U1t11,\H)lJ'):;mtlUfl~U,):;fHlUf)1') W tIWJ 

~U~ 1.7 f)1') I~ tI'U f 19l1U(1U1fl'rl'U ihlfHllijfl~ ~~'I11~'Um fl'~ 'Ii nm 1<.11.. .. 

1 f1') ~f)1') tlm:;iUflWfI1'r11(9)() ~UI!(1:;Hi)\9'Inwcvlff1'11 ~Ufl\9'l'Cl'l'11 m ') lJI'M,) 1ii fl i~~~,M'iifl1':i.. . . ., 
ci11J'VItl~f1-:1lJf.yj i~'il1flH(1fll,)~ 11'11 'U 1 m ~fll,)"1 1~lJfll,) ~~flU,)lJ-fflJlJ'\..nI91 ~l<.111fll,) "iYU'CI'TIN1U~U" ~u.. 
lU 1tJ1'C1'1{ ~ 23 mfl~lf1lJ 'rI.fl'. 2554 W tIuvI~lJuf~11mUlfl~'U fllulmijfl~ l~tlfll,)~~tlU,)lJ-fflJlJ'Ull91~ 
~ d\IJ 9J ~ 3J ~ 'Q.I 'Q.J ~ cl jJ


1<.111fll,)'U t~I<.I1U.lHU '):; fltlUfll')'VI ~ 3 II '11 (1~lJ1 ') Ufll,) fl1.l,) m 1lJ flU l'rl m 11 U fll') 'CI'') 1~f111lJfI
'J} 

tJlfltll! (1:;
u.. . 

" ., 
fl'il m ')lJ'U fll ') tl1.l,) lJ -fflJ lJU 1 iY1.I 'CI'lU ~ lU ~'U 'Ufl ~ 1 m ~ fll ') fI ~~iJ ii fll') 1.1 ') ') til tI 

1I(l:; ~\9'I11 'CI'\9)~'I1 'VI 'j 'j fl'fll'j 'rIffllJ II 'CI'~~ Hi)\9'I.f1W cvl~'~ 'illflfll'j ~ 11'11'U fll'j 1~tll!(1~'VI~ (ltl~ 

http:ci11J'VItl~f1-:1lJf.yj
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. " ~1:'l u 1 fl fl n ~~ ff1111'W 11eM '11GJf1 fll ':i ff1lJl ':i fI ff':i lh llm::;IDtJ~1~fl'li1 
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" l~rJll'!J~I~!~'U 6 ~~ lh~fWJU~dV ~~~Wl fi'~ij~tl 
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fll1lJ 

4.25 3.83 4.5 4.88 
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2. M'k!1fJ-:Jl'k!:il 'lHll:i'VH)-:J\I'U 17 
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'" i ~ _I 0' i '" - f11'jmelf) 'lfellJf)'jUj kiln furniture hll~11Hl1C]f'jl:IJf)• 
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'I '" '" "'9"Recycling limestone dust waste for Thai pottery production" (m'flH'Wlf) 10) !~tJ~::;\'l'vnJ'W !'W1Trffl) Advanced 

Materials Research 
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Environment and Sustainable Development 'l'Wl11'li'fll~fl'l "Recycling limestone dust waste for Thai pottery 

I C6I ~ .d ..::s ifJI Q.I ... 1 .c:t
production 1::;1111'11'W'Vl 21-23 \9lmmJ 2553 tu llJtl'llC)ftJ'I ~ 'ff11il)tu)!'U)::;'l!'l'l!''W~'W (m'flH'Wlf) 10) 
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)ltJfn) "~U;'W~)!f!'),l:Jln~ "l'WmYl\91V nm'll)::;lJ1tu 16.30-17.00 'W. '1'Wl'W~ 7 14 tm::; 21 tl'WttltJ'W 2554 
• 'jI I I 

(m'flH'l..ldf) 11) l\9ltJlJf)rilJrllll1lJ1m~'W'lJ'fI'fI"~li'll rUmn'tlfl'l'ff1)'fI~ ~::;tf1ttl'li'fl'ltl1JmllJ~~l ''ll'tlfl'lUl1ri'l 
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q 
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v~~l rt~LUt-Q vl-£llArtt lOtIllAl1l1tl ~ :=" F I"tI I"tI 

(U:;:LWltI1Ur,!1 rtrt~G~) M,~1 M,GGMrtMG,LHM,U/ 1\f,rtL()llMrtMGQt-rt!{M,1 MrtM~ "t-~Mm$(,y$(,L ,P \:;:t t>' ,P I'D ,P in ,P \:;:t '" f't) 1'0 I' 'b F?' ('t) bp '0' P' to F?' " 
t< 

f,LU~~t-tU KGLM1L~lLR.U,lJWrtt-Grt:1lArtMNmIAUI1 IPLM~l1l1t'll" t-Gf,1rt:LWIAI1 • I't) '0' o!? F?' J::7 F? P 1'O'b I?'
. ,. . 

v~~l rt~L!{t-,~ OllArtt 661IZ IAHl1tl 
'=' F ft) F I'tl 
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Recycling limestone dust waste for Thai pottery production 
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Abstract. 
In this project, limestone dust from a limestone crushing plant was mixed with 

several pottery clays from the Northeasetem part of Thailand, i.e., Ban Ponsai, Ban Tha 
Hai, Ban Nanuan and Ban Nam Karnnoi. The limestone dust was sieved and then mixed 
with 4 sources of clays at 50 wt%. Samples with and without limestone dust were sintered 
at 700°C for 1 h. Compared to the samples without limestone dust, the samples with 
limestone dust showed higher flexural strength and slightly higher water absorption, but 
lower linear firing shrinkage. Furthennore pottery was produced using the mixture of 
pottery clay and limestone dust. 
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(;1~IV1 mJ'l-J~ n LL'1I'W-lV1U-l~~~h-lJ'1t11rJl 

L,xn1J"lll-J"ll'WLL'6'l ~u J'~ L'Yl PI LU 'W91'W'J'WhlU!:ltll'WLLl?l '6'l ~,j• 
I 1.1 iI I 'V I 

LA1!:l~u'W~'WLr.JIiJ,L~l-J~-l~'t.lL1!:ltJ1 'Yl1~~mU'W19tJ 

b'6'lV1:;L~'6'l:;1'~(11 ~YlI'6'l~mrul-JV11~VltJI~tJ ~~1rJlLoj[ll-J1
q • 

~mU'l.'!~9tJ1'YltJl PlI~ (;1 fLL'6'l:;LVl Ab'Wb'6'l~ LLvi~uJ'~LVlPl 

1'Yltl b(11tJnlJ'~~U~'W'W'1I!:l~f~UI'6'l ~ miJ'W19t1 b'6'lV1~, ... 

A 'J1l-JU tJ l-J L'WC-J ~ (;1.rlru"YfuJ'~ LJl'Yl L'lIniJ ALL'6'l:; 

LAi!:l~~'W~'WLr.J1 L,x~Il-JIJ'b1-W~'W1AruIlIYl'1l!:l~ r.J~ (;1.rlru"Yf~ij L!:l n~mj-ruVl!:l~~'WL~rJll-J1 (;1J'~I'W~1 n'6'l. ... 
L~!:l"llmtl (;1 '6'l1 (11 '1ItJltIb!:l nI~ LL'6'l:;~¥I~ mll-J Loj[l-J LL ~-lL,xnU"lll-J"jl't.l1rJll-J1 n~~~'W• 

t'6'lV1:;lL'6'l:::1'~ (11 iOlYlI'6'l~ mrul-JV111VltJI~tJ ~~1rJlvh nlJ'~IJ''JiOl LL'6'l~~~U~'W'WnlJ'V11ml-J1 ru~'WLV1iJ,m 
" I '" I 

1'(;1 bI ~U (;1'6'l!:l (11iOl'W~ mj-lfinU1Vltllu1'L'J ruLLV1~~ ~'WL'W~'WVi9--1V11'(11'WAJ'Pl1-fiJ'J'l-J J'1"llb(11t1 L~!:l n~'WVi 3• 
~ILll!:l 1rJluri ~ILll!:lLn!:l--1 ~ILll!:li!:l'W~\l'6'ltJ LL'6'l~ I 

" ,
~1 LJl!:l"l!:;!:l'J (11 LtI'W~'t.l'Yl tK'J!:l tll-lL'Wni J'Loj[1 ~mj-1 LL'6'l:; 

VhnlJ'19t1 b(11tJVil-J19tJ1rJl~ILU'WniniOll:;~IJ''JiOl~m~n 
" bAN~¥I--1'11!:l--1i'W~'W nlJ'~~~l-JtK'J'1I!:l--1(;1:::n!:l'W~'W nlJ' 

" " , 
91 LL 'WnuJ'::: Lll'Yl'1l!:l--1 LU!:l ~'W ~(11 L~!:l ni'W~'W LV1 iJ,tJ 'J Vi ij 

InlJ'~lniOl1rJlvh nln~I~~IJ''JiOlu1'L'J ru~ LU'WLLV1~--1 ~'W 

l'(;1 Cl• ~U L ~ l-J ~ t·n 'W if iOl iOl•u'W LL '6'l:; LL V1 ~ --1 ~ 'WL V1l-1 ~1l-1 

vil--11n'6'l~1 n LLV1~--1.,r(;1 Cl nnl-J LA1!:l--1~'W~'WLr.J1 LthV1l-JltJl-J1 n~n L~!:l LU'WnlJ''6'l (11 rht-ifr.iltJt'WnlJ'"lJ'W~--1 

~'WLV1i1m1'(;1 bI ~u bt?ltJ'WltJ Pl1-1'Yl'6'l "lJ'WVl'W Vil-J19tJ bAN nlJ'tJ m~~uA ruJlIYl1' (;1 Cl ~u LL'6'l~C-J~ (;1.rlru"Yf 
q q q q 

~1V1fU!)(;1~IV1 nnl-J L'llniJ A ~ Cl1iJ'W19tJb'6'lV1:;LL'6'l:::1'~ t?l iOl '141 '6'l--1 mrul-JV111Vltll~tJ 1rJl!:lflUltJ n--1 

A'JIl-J~Ir1'1J"lJ!:l~ nlJ'~IJ''J9ml-Jlru~'WLV1iJ,m ~1 " nlJ'~IJ''JiOlml-J1 ru~'W1'(;1q ~U"lJ!)~ LLV1~~.,r(;1 C1 nJ'J'l-J I 

I 

I 

http:LA1!:l--1~'W~'WLr.J1
http:LAi!:l~~'W~'WLr.J1
http:LA1!:l~if'W~'WLr.J1
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i;' iI I I 11 I 

~'W b~1t!'W 9 :;btl'WL'1'JU'l~ b'6'1 ~m'JlIi"l bb~:;fl'J1 ~~'l ~'W 1'W-eJ 
q 

(Y]'6'11V1 m'!i'mfl1-eJ'l11'W~'Wb~1 bU-eJ'l91 n ~'WbU'W 
I I ~ iI 

l'(Y] Cl ~UVl ~1 fo9,1.11'Wn1 !i''lJ!i':;n-eJ U-eJ (y] '6'11 VI n n~ bfl1-eJ'l11'W~'Wb~1 ~'J 'Wfl'Jl ~~ mJ-eJ'li'W~'W1'WbblYl~ :;bbVl~'l
q ~ q 

" " " ~'WbU'W-eJU'6'1 !i'!i'A ~-eJn1!i''I11 Vl fi"l m m'~'W bVl'wtJ'J ~ 'W~11.jfu!i':;lml'w lV1tJUI'lU1b'J bWVlI ni'W~'W11'W-eJLi~ n 
q 

, ," 
~ 

~1 nm9~lbtl'W~-eJ'I~n1nilV1V1i.h ~'W-eJ-eJ n b~-eJUI ~'WbVlumVl'6'11~I!i'Cl~'W!i'ul~~1HU!i':;ltJ"llU ~1V1 fu 
~ 

~1'Wn!i'!i'~~Vltn1!i'H~~'WbU'W~'I~~1 fo9ruhlu-eJtJ1'lJ n~1 n'W bti-eJ'l~1 n bbVI~'l ~'W~'J'W1VI ruhltJl-eJLil'W~'W~ 
~ ~ ~ 

I i,.t I lJ 

~1 btl'W~-eJ'I~-if-eJ (y] n~'I~'l-eJLil'W!i'U"lJ-eJ'In1!i'~-eJ"lJ1tJ1'(y] Cl ~U ~'I ~u!i':;n-eJun1!i'~'J'WlVI ruiltJ~~-eJ"lJltJ1'(y] Cl ~U 
CjJ 'lJ q qJ Q.O q 

, " " 
91 n11 ruVlIVl n~I'J~1'Vl'lVl~ V1Uvl11~Vl !i'IU~'I9 (?) b~'Wbb~:;9 (?)Jl-eJmJ-eJ'l'6'1 Cl'l'WJlIi"lbbVI~'l ~'W1'WbblYl 

~ q q 

~:;bbVI~'l ~'l'6'11~I!i'ClUI-if-eJ~~ ~'l n~I'J lul-if1'Wn 1 !i''J 1'1 bb~'Wb~-eJ 
~ 

, " 
~OOJ'W1 bb 'W'J Vl I'll'Wn I!i'U !i':;n-eJu-eJ

q 
(Y]'6'11V1 n!i'!i'~ bA1-eJ'l11'W~'W b~1 bb~:; 

n1!i'9V1 n1!i'~ bVI~I:;'6'1~l~'6'11l-l1!i'Cl bb"li'l 'll'WlJiL'Wb~'li"l1 ru"llci" !i''J~~'I 

n1!i'HfVl fi"ltJl n!i'~'WbVli1tJ'J1'(y] Cl 
q 
~U-eJLiI'l ~u !i':;~Vl flJlIi"l bb~:;di V1 

" Af'J b1-eJ'W 9 V1UA'J!i'~ 111'1 ~'l-eJLi 1'1 ~1 n b i"l n:;-eJ 199:;ri -eJ 1~ bn V1 
q 

11 ruVl11 'W-eJ'W 1 fl (y]~'I fl 'J !i'~91!i'bW1 A'J U ~1u nun 1!i'~OOJ'W 1-eJ (y] '6'11 VI n!i'!i'l-l bb~:;i(y] Cl n !i'!i'~ ~~ (Y]JlbW'l'1 
~ ~. 

, " 
bA1-eJ'l11'W~'Wb~l"ll 

q 
~'ll'Wl'WJlI AhTIV1tl b 'tli"l1:;9'1V11' V1'Wfl!i'pf~fi!i'!i'~!i'I"ll "lJ-eJ'I,J!i':;bVl PllVltJ " 

1'Wn1!i'~ ~ (y] JlI'W~ I'll !i''J ~ ~'li1.IJ lj11 '1i '1i1~ L-lrl-l bb ~'I i1 fl 'J 1 ~ ~ V1'6'1 ¥1'lM!i'A1'Wn1!i'-eJ-eJ nLbUU bb~:;~OOJ'W1 

~~ (Y]JlbW"Vl1VI~ l-eJ~ b'6'1l-l-eJ ~ -eJ bU'W~'I~1 fo9'1i1~n1!i'~U'6'11'W 'I 1 'W~'W "lJ-eJ'I flulVltJ fl'l-eJ~ bb~:;'6'1 ¥1'1!i'1 tJ1Jl 

1~nu'll• ~ 'll'WU!i':; bVl PItVl tJl~-eJLi1'1 J'Wfl'l bb~ :;'11 'W-eJ•(Y]'6'11 VI n !i'!i'l-l b'D!i'llj A 
, " , 

bb~:;'lI'Wi(y]Cl m'!i'~ bfl1-eJ"11'W~'Wb~I"lJ-eJ,,tVltJl'W-eJ'W1 AIn 9:;~-eJ'l b~~ bUtJ~ 

lU~')tJflbWJlI'Yi vl'lflbWJlIi"l. " . 
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, " " 
U'V1A'J1lJ~'f)~ "~tl1U'W~r.rtlt~VI~bL~~1'Ml "'lii1~~n~rulJ'\.n~'Vlm~tI ~r.rHW1mbA~mJ~bCf1 ~WJ'W1~1'W 

q q 

!J'1-1j'WI~'1 UULUUYi'll LI'I1'ttjn~~ 


~1i1cy~tJ1-1",;i-1 ~~~1-1 11ul li'l.,xntJ 


L n ltfJl1 n 11u l'l nll1 PI 'JJ fl,., iJ 1 ~ LYl Pl1 Yl tJ 


t~ltHilYi1~'I.'W)1P1t lJ! '\'\~'lUU1-1Yi111~~!i 


.. u -I .1 _ 'I' .. .J Imm~n1 YlLL'!I'l\~tl,\\un'lruIPl'WIJ1'WLYi~ffi-1 

tl1tJ'HYi111 "'1-fl~ L'1tJnnUi'l\iJt)1 ·~iI n I 
" ~ci1,rULin'::LUll::-r~'1 'W,gHn'iN"'Wli'VI!nft!l' 1t1iyhn'1~'1'l"l14'tJ U~t1LPl11::\fU",gi -l 


~'Wlu 1l1F1iitl1U !l1P1L",ij~ !l1P1n~1-l !l1P1t~ !l1I'1£f1~.Ju~~n LL~::!l1I'1Iil::.JUlRn iA''lUnI1dh\ iJth1'l''l 


~1'1:1ftJ 1"1'-11 n''i!l n'i:: II1J fIl CIltl1Yf1Jl q~ 1J 

LLfl:: ~ii JlnCll",~1wfu~"~"ffin~ LlI'i1nn,.'iJ~ 

tl1 ,,'lR''' 1t1i't~IJi'ltlf.h" ~'W ~')ntN-1 1'WeJ~lJ1n'lf.l1~~~1 

£1'1-1..,,11 ~1n~'U~1~1~tJn!1 }J1Lih~~'lfltil~1'W 

n '1"~ n 17'1 n "'I rH"Lc'h ~ 

LI'l1tl"'11\'!~uLen1'1.1 fl. ffi\'!~\!fl!f ~. uMpi1U1~1''lI Ltitl"" LL\.!'lYl"'l-lunif'bl"" 

"'i.iIIlu'VI'i i~1Ju"l'VI c.1 1U.Jt'I"lL-n11JJn 

fltl111\.!t~m::u~::.J~~ r.p'llft~nror3.l'\.l11YltJ1~tJ mh'ltJ1 

t N "'1\'!~'l\.!1.V. qJ"l ::UI\1U'D'1'ltJ I.'IlJ u n fl tJ lJ'1 ~ '1 '1.1 

M::U'lUn11LeJ'1iJ:::lJltlJ 1 .J\'!LYifl1.m~Lth ntluu,'bJ 

t'llJ 1.'W.J, Ll'lfitlU yil1.'IXtm-l n'11L'IlJl~n 'ttl UU'l 

Yl1-lT1'11U'1 "LCl'1'hlU'HYi'1T')" ~Lv.~fl~'1niulilflUn'11LW) 

"flnU'l,: ~J'1 LUUI:"I'l \'!t.! fllJl. VlU L~fl fl ~iUlilflULLfl ::c;iu'Yj '1.11.UT1'11t.1 aC/l'JIfl-ltN~ 1'1.1 

~ n £1'1-1 Lih.\ ~ 'l'W eJ t'I ~ 

Ufl::~"'Ltl13.liJ1::~Ylfi!\'1'" 

I 

I 

I 
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mflN~1() 12 (l'ieJ) iJ'Ylml~lr-lml~~lurllr~iYm<hJ'VlmtT~iYeJVi~vreJeJ'U'm1 

iJ'Vlml~~'f)~ "~mu'W~~tJt~Vl::;ll~::;rr~~ "'lYh~~nnU~VlI~Vlm~t11~t1~lml~~'flU~lLlI ~(1J.J'WI~I'W 


'Vl1'l'[rlNm~1~Mm~tllL~ ::; 

Yi(ij,J 'WILl"! ~'tllJ~ llh1iitJ'l'I ~IVlflJ 

~lrl n::;"''tl'l~lh::;n'tllJ'VlI'llflii'll'tl\l 

IT;)11~ ~lliil'W'nUnl'V!'Wt?I.,r. t?I~ ,)'W tfh,. nrum ~'VI t?llL'VI'Wl'W~llfl~ 'fllJ LL~:::¥I t?I~ 'fl\l"JllJ lfl~'EllJ lL~::;l~llLlJlJfI f'l, , 

l~tJ') (one fired) l'W~'fl\lu{jmim~ ~lJ~1 lri'flH'tI'h,J1ru~~~')'W~Ltll 25 ~,)'W 11i'tl~'WWI'W 75 cl'J'W ~::;1~ 

lfl~'EllJ~~ nl'1'J~'Elru'V!Jl~ 1200 'El-j ~1 L"1!~L~EJ~ LL~::;Lri'Eliimn~:lJ~1~lJ'flLL~n"1!1 'W Vl'ftl1Yll'Vllt:iEJ:lJ!I!ln1'll1'l. . " 

1'\.Jn1':i''VIt?ll:l'fl-ll~11'WtN-11'W~'Jm!?lIYJ'W i'W-jI'W~'l ~nlYl')hj~Jll~:lJ'El L~!I'1'"11n1'W~Jll~fin:lJ"JlI~'lJ'El\lLI'lI 
I !J- Iii ; 

Yl'W'tlruVlJlm'W LmhJ fOi'tlEJ~ih l~~'tl 1,n~=n'W\ll'W~ ih L~ ~'tl ~,nr'W1'W;r'W~'tlhJ'VI1'lbrlNn! ~""l ::;rtf'fl-lYi~'W1, w . . . 

,., ).I • ", ~ 

''''It:iL~'fll,j'Wnl~~-ll~1J.JLpj~'l!I'~n'"l LL~::;vrl?J..!'W1J.JijUC\:JrVI'l1'fl\l ~r.Jfil'l LI"!'f'tl'lU'W~'WL~1 l~~I~lnl 

'lJiJ1EJ!?l~It?1 t!ln!~ lL~::;~~I\1rl,)lJ.Jloii~Lboii\l1~nlJ'll:lJ'll'W1~i1rlruJll'Y'1 i1n!n.jfi!?l~lVlJ.Jl::;~~ 'VIl'l~rnU'W"1.. . 

~\l1~vhnl~Mn1i1ll~::;~'l~'W~~J.J'll'WI1i~'l1 ~ ~ ~I'I Lrl1'El\l~'W~'WLf-J1 'lItl\lu~::;L'YIl"lh\U lYi'flL,n~m;\I'tl \I '~ 

rl') 1:lJ!~ Li~'W1h::;tEJ'll\IlLf)~r.J~ffll1i'fl'lu b~ tJr.J ~1'WLYlI'lb'Wb~~'fi''W''''W~~EJn'UJ.Jiju fy C\:Jl~\ll~~ 

http:i1n!n.jfi!?l~lVlJ.Jl
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""i 

Ifirlfl1J 


'Ul'1TI'll Yl,)!Yl'VI,)V Il1rilbY1J'U~'VI1 

'U 

"" 
fI1f11~1 

ilf)nrrf)1l1 2554 

" 
[m,:j 01) iil-1101) ftf11:J lH rl 'II fl,:j fl W'H fl ii II rl ~) ~ V~ nmli lJ i'U 01) Ifi~ H~ f) i'U I flil fl1J bYm 

• 'U 'U . " 
l5ZCTis' Pl1.5Tis' Pl1.5Fe02 , Pl1.5Fe02B) 1~VltJ1V1Jl'ViV1J)~ 'W)1,:jl\PHl~1JVii<N~Iti'ln1J 
. ~I II] o'<k & '" & 91 '" 
bYl'l u 'i ~ f) fl1J fl fl f) ~ C}f~ C}f,:j 'Ill f)01 ') fl'f)1Il rl f)1I W~ II rl ~ 'II 'U 1~ 'II fl,:j Hrl f)~1m'VI fI 'U fI XRD X-ray 

Diffraction ) llrl~f)~fl,:j'llrl'VI,),)fl'"r. 
, ~ \I) ~ ~ 

Yl1J1llfirlfl1J'Q;~') l5ZCTi llrl~ Pl1.5Ti 'Il~ !.~~rlf)'IIfl,:jCalcium Silicate llrl~Calcium Zincs s 

Silicate )~v~nmlilJ'Ul'U 1 411m ~flWl1fliiIHllilJ 1080 °c llrl~ 800 °c 1~'U'1h,:jnmllrl~flW'I1.flii~
q '\I 4 q,J 

l'I1lJ1~ I:W i 'U 01) [I'l'll fl,:j r.I~ f) 1'U Ifl il fl1J 'Q;1'l ') 15ZCTi llrl~ P 11.5Ti 1'l1lJ ih~1J -r:Yl'11 ~1JIfI il fl1J 'Q;1'l ')s s 

PI1.5fe02 llrl~ Pl1.5Fe02B) 'Il~!~r.I~f)'IIfl,:j Maghemite llrl~ Calcium silicate l~vl1J)fl'Uuflf)!C}f~1J 
91 

I '1 &'" 1&" I
r.lrl~flf)l,)~lV 'I1r.1rlf)lJ'II'Ul~ 1'l'll'U 

I 

I 
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'l11~tllflHf)1'J f)1'J1~lJlJ~lJ~LY'Utl-:)JltJl~iJ'UH1Ifl~mJ'Vltl~llJtl{ lytml~f)1'Jlf)1~~~'Utl~JltJl~iJ'U 
~tlntJ1~ 

~jJ ~ Q,I ~ 41 tI 

tl1~l'JtJ~~Il~ tl1~l'JtJ ~'J. 'Jj'Vl~ HfJ'Vl'U1l 

fllfll'l51 Ifl~ll'lflUfl flW~11'1tJlf11LY~{ lJ'I,nl1'1tJ1~iJl9ftJ-:)hni 

Uf)1'Jf1f11n 2554 

v , 

'Uri fWltl6 

~ ,)I , 

'l'UiJ~~,j'U,:r'U ~tlntJl-:)Yi'l '*'J tl~i'iJll1tJl-:)~~YillJl~1f1l9$'J llJ mYYi r-.h'U f)1'J Ifl~t)iJ lll'i M~iJuJ'tn. .
• )I , V)I 

l]jtlll1tJ1~'Vll'J lYi 1r1iJ1~ ri1'Uln~f)1'J If)1~ ~~iJ'U H11fl ~tliJ ~~,:r'U f)1'J l'l~~tl~ii~~ 1r1f1n'hll'Vltl~llJtl { 
, )I I , " 

Ifl~tliJ H1Yi~lJlJ ~lJ ~LY'Utl~ ll1tJNYi LY ~ I~tl"~ f)1'J I f)1~ ~~'U tl-:)111 tl1-:) II ~~111lJ -,1 '*1l1'l'U f)1 'J 1 ,*lfl~tliJl'll~. ~ 

I I )I • " 

19$'J llJ miYil'i'tl~ '1 ,*'Vl~~~ l'U Yi LY ~ 9f'U ~l'UYi' '*, 'U f)1'J l'l~ ~ tl-:) ~~I~'Ull~'U 19$'J llJmYYi r-.h'U f)1'J H,nYi tlW '1mlJ 
~ ~. 

, )I I • 

800 ll"~ 9000C 1~tJ'Vltl~llJtl{YiI~tlnll1lJ11 '*, 'U f)1'Jl'l~"tl-:)ii ~~I~'U 'Vltl~llJtl{YiL1'1lJ1'J U'V11 1r1'1'l1111 

tr)jJ'do: : Q,I,r:g ..:9 ~ d QJ

1~lln LY'Ul Acrylic "l~'J~~mtJ'Ul LYl'Jn'U9$lJ11'J~I.fll'l Acrylic ll"~ Siloxane 9$~~~f1n'hlllntJ1niJ 
Q,I 0 ~.<::::to" QJ Q,I 0 " Q,I":::" ~ 

~ n'hl W ~ 'U tl ~ f)1 'J 1'11~ l'U 'U tl ~ Ifl" tl iJ'Vl tl ~ IlJ tl 'J lJ lJ LYlJ r--l LY'U tl ~ 'U 1tI N niJ r--l11 fl" tliJ U" ~ r--l" m ~'Vl1J'U tl~. 
" " . 

fl11lJ'if'U ~ tl H11fl ~tliJ 'VliJ il'Vl tl~llJtl{lfl ~ tl iJ H111 nlfll'l Siloxane 'il~iilJlJ ~lJ ~LY'Utl-:)111tJl-:)Yi LY ~lJlf). ~ 

a Q,I Q.I ~ &::t Q,I Q,I .d. 0 I at. Id IV do Q,I Q.J : 4 ,~ ~ 
II "~llJtJ LYlJr--lLYfl11lJ'l5'U 'il~lJlJlJLYlJ r--lLYl'l~l~-:) f)111~ lJ Il~ f)tI~lJlJlJLYlJ r--lLY'U tl~'U 1 tJl~l'lLY~f)11Ifl~ tliJ'Vl tl ~. . ~ 

, ", SI 

IlJtl{'l5U~B'U "1 ~n'l'l~I]jtlll1lJllfl~tliJLYllJl'J mfl~ tliJ 'il tJntll~ 1r1'1'l~'I1lJ~ 67 {htJ~tl LYl'J o'U 9flJSiloxane 

1 lln~~tl'Ul~n ('U'Ul~ 0.95 L) U"~~~~1',*~1t11~tJ'J1lJl'itJ'iltlntJl~ 1 ll1t1l'vilOiJ 9 iJl1'1l'im1'1tJ 
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2.1mnh 

1 fl ':i .;j fll ':i 1 11fJ dij fll ':i 11~ Yll;Y 1 tJ.,j' tllJ &1 ~ tJ 1 ~ fJ ii i 1'1 f:) 11 ':i ~ 'ff.;j fl! vi tll n'U ':i 1'U ':i 1lJ.,j' tllJ &1 fll 1" 
<:ItS III ClI 'U 
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