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An experiment of Zircon body for Ceramic materials grinding 
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ABSTRACT 

The ptltpose Qf this research w-a.s. to develop zircon body for Ceramic material grinding from 

zirconium silicate Witll talc, calcium carbonate and banum carbonate. This mixture was calcined at 1,200 ~ C 

and used as a doping agent to reduce sintering temperature. The amount of the doping agent varied from 

2.50 % to 50 ~/". Ranong kaolin and sodium carboxy methyl cellulose were used as ~ binder and 

deHocculant. The mixtures are mixed. m high -. speed centrifugal mill whicl1 were formed into a test piece 

and a product hy a hydraulic press machine. Then, the test piece was burned at \,600 " C in tile oxidation 

atmosphere. 

The results showed the appropriate and standard mixtures that could produce the products for 

Ceramic materials grinding ware zirconium silicate (92.5%) and a doping agent (75%) WIth 5 % of 

Ranong Kaolin. These mixtures exhibited the hardness of7.5 water absorption 0[0 % and density of 4.23 
, 

g/cm". When the product was tested at abrasion rate, it was found that this Ceramic materials grinding 

eouid be worked well, 

Keywords: Zircon; grinding ball 
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~,11tftlJ l'Hnh m 1tft'nt:'ti''l11t1'Tl.I1tll 'tI~N tn'fJ H~:: 'Ii 1'f!0-1flth:;: flfJ1J hrn1'l9lJ eOH "tilf111 m:: ,nO'11 'U 1'f1 

--y" • 1 ~ flt.jfl1f1'UfH1f1QrttJ'fl1fHfl7tHtfltl1-1iJa::cmOW'l (Mastersizer S, Malvern Instruments Limited) 7lmYlflUfi 

, .\ 'lI ;'iI~ "''''''' 
U1J1H'fEh1fl1lifl. (Scanning Electron Microscope) itl'JMffllJ1'itHl'HU1Ut IYlIl~HJfl1S¥1niY.lrto!ftf)WlHI1-i 

~t'!'t't)'6U i)lrlli'lJfhH,h\lD~P'hV~1~~\11f11jnll 111 f1l'fi~'y\1) lfHfl4il~l11uml'Hlfill ru ~ 3 iJ~ 1~{Jnl'J 
Y1V1t1'rTtnf~ 3 trfl'Hillt '1~ri4ii1mh!j hl'Ylj!JiHl1l~fJlJ6ll'lf11 t-; 1tl~lfll1'tUl!'l~1nii]uli~"iflil 

<tYun'S~ln'iJfl1'maWi 
1'f\tJ'fhnTJNiiVli~m~~: ria tV!1t1'lJtll1'1i":m'1'I~~flI'HiJiihHifm9!fi{tltJ'W 'l'i\''iJlf1ft"rr U'fqJi~mj 

11f11l11J:ne t!vH1::C 11:t1'lj 11 j ~ flO1J BaO.CaO.3MgOASi02 Ulffl'Hhu'MIf;!W lUJUt4tflJ flU!'lft) {1 fHUmJ 

q;nlr1f1 (A 11l-l~ l! 1~1l1f)f)11 ~~9hmh-3HU1J! 'illt U-l (Purposive Sampling) lf1t1f11'iti(fljif\tl~hJ ffB :J'ilUfl 
~ '­ , 

l<bTj-nn'\.j"J'Uamml''W~tH: (Line Blend} G1H1'U 20 Dfl7Hhu N'CI''iJ1Hi~1r;1i1l1flil'Wl~w7i)j;ihJ'lj11'J:::\-Jfl-1 

.. "" , 
'3,000 1J'j U ~vi tl fi 1'i l.J 11 1 'illilUUlNl-1f'UYI fI tHJ till f{ Wit .QiJ 1,400 f1-l i'fll<J:lf' litimy hnn1tJlf11ft'1 N 1 hn~., . 
!lUUCUJ\l 'iill t'll~U"Ml [W1Jli1Iii'hJI'i'i 1 \)ff'fjiJl'(lJU~'ljfl:jjiimq}t1{flfl'U 

http:1)1)111.41


8 
1nlfl11Uml[l~i19l11.1 11ntlfH'l'lfrJQi'1l.1W1:::1I1lJll"tJtilJft 

tl~ 5 ml'U~ 2 (YHlllfl-lfl1J-ffnmm 2553) 

i 691jl 

i ,/111mmL 
I 

2 

3 

4 

S 

6 

7 

g 

Q 

10 

··I--~~~fifUfifJlJ i ....ff~,~'~.,;~1-~~O"---r-~-"~""~'~,- ll¥t)f[fIlUtllJ f!'1'i~1t1t1fl 

~altl?i f{tu\11.}ii ff1tHHfll ';jimil t{\UW1,Ji'l , -----+~---'-----'-----+------+---+-- .................­
i 97.5 2.5 11 72.5 27.5 

95.0 5.0 12 20.0 3M 

92.5 13 67.5 32.5 

90.0 10 (I 14 65.0 

87.5 12,5 15 62.5 31.':; 

85.5 15.0 16 60.0 40.0 

82.5 17.5 17 57.5 42.5 

80.0 20.0 18 55.0 45.0 

17.5 22.5 19 52.5 47.5 

75,0 25.0 20 50.0 5lHl 



• • 

~ 911-;rmlttlUn~WBltn l1MUtHmuiiul'fr:::mlJl1111:.1lJfl 

ii~ 5 fllltJ~ 2 (WqlJfl1fll.l·n:l'ltlfltl 2553) 

~un~~6uauUfl~6,~u~~a6U. . 

1~U?j 'j1'U{lVl1tl'mJ91 'tltHrW 'tH'liB f fiOtJ '~Hrl f)1'ilUlv1 11;.:)tI"ilJ l¥1'iVlllJ 1ifll:; 1.1 tH (,h ::~Ufl;1 

. '" • 
ffl'Hffi1'i, 2543 43) fl1llJU~-l1~w~m(!tHi1tli1tillft'!t1t;lfl1llJU~'1'1lfHllJif fil~~"qfll,b911111if)1'J'UfN . 

, ..... ~ "'iI .., '" 
(Rhodes, 1972 : 200) U(!::fllTlJ11U1U1J1UUiJ11imJ'tltl~ (Singer, 1974 : 342)fWm:Wntl9111rfl'WfHfU'YI 

~ lUlll W~rn'i119l'8t) ~iti1~ q'f11Uftfl1'.1 1~1f1 J ~ tl rl.:j~fiJ11f1 !lQt:~!;l~'lfIWtfi'Ul j tfu ~ It.! UVI ti tliJl#1\l ~'J Iqf'j Inn . , 
iiihm.Jf!l5 ¥io gmlrHUm91'tlffltltJ 

~ ., v .; 4. 

'1.111 flVl i'I B~ t'ti' ~flU rill'\,nlt~i'}"fl fl'U 


1¥unha f1 '1J" ~if{Witt) fmru~Hit91 ~'J , lin¥! eHlU 'I11f111lJ'Yl \J~ijf)1nil>! fft'l11./ilfm 'j 1.1 tH (q'i~flt 
lniY£j~ui, 2536: 48) Ut'i~tl'lfm~'1~hJl1fl'jltli~" H~~ff!t1Hfim'l1i[j 

.trUHfllll tUl Ufl'l.lU"!)mJ ~1J 
ff'mJW'\! cH ')9) Q~11 ihhtllI 'J~, f)tl1l\1l~lftiJ fle I"lm 11fuuuwlHhol'l ihhu,h:;: fWUl1 ~'~~flij 

~jhril1! fiB L9Hl'fimiltJlJtlVfi'lqf~{ f~JU~~ 60,49 .}fat)) fflfJ~~ 32.42 li~fiiifh\Jtl'.i:;nau'rn4!f1iJ~fhr)fy 

"" il;i i' '" .. ' ,j ",d ~ '" ." ... "'" " 
UUl'H;l/£lOn Ilb"YI 'HH.m:: 98.06 Ufl::'f\u'U'n7i~Uf.1uit'n'WiJl~n'Ul1'Yll:t!flll'Ylt'flflty flf) "tl~f)1 1tHfo:: 47.35 

o:::{jfiu1 ~fHri.1;; 38.61 gl;j::: lYiUrlt'H'UtllH}(}f!'9f~ !efJa~ 1.26 'Uflmnnifil~'Vnj'h flum;:;'i)lt1'\l\.!lVi 

'1W41¥1q~11 '~!Ui lqff.1f1f)j,i1ml:i~mV\ ii:1~ Hf;m~VlJfl1{l1e!ilj1j u'U!'~rmflTfmmJI'l !1f!::~hn.!l11::i-HH 

iim1m::flltl'IJU1'll hWln~v 2.02, 15.13 , 24,18,659 nil: 11.68'11lf1'JUJ7I5 fllllihf111 utl::trtmhrl'li.l~11 
1ij,1J1'i11l1fl'J ~1ffH~"mfl'l1f)41?lQ1)1JfhiJf!~fJ.t~f\Y!lJmrOtgfW1JfI\miJl1ri()':Hrn¥'l Uff~ ~¥l~ml'l~ 2 

{ b 1 { c 1 

http:Ufl'l.lU
http:iiihm.Jf


( d ) ( e) 

\llfUY~'ff~ 2 lilY), t<tf [dlfUil tlll<1fft!fllln lan U'\I\1111 04":: 'illtJll :::thHlt,ll fI fJ '\J Wltrriltlhttlj 

ad1h!'lh:J 0,1 ~ 2.2 1!Jlf17UJYl'J U(ti:ii:ll'1m::'illiJ"IlUlfl'JO"tl'4fl)fl~ (i1')Vl~ 2ea)) nafl'ihHmJ'IlU1Yi 

m:::'ii1tlu~'lh...!n\J l1ifJ'IflJl1l'llO"[)'ijmflt~fll!VUftflw:h 0.4 'lJIf,';i!lJVI'I 'UU1~Il.Jtff! l4.1 b lmnJf'l'i (i11W 

"' .,. .1 .1 • , 4 '\ 1YI 2{b)) HfHU'¥VlJfl1HJm'Uf'ilJl1£llt!'tJ'W1Y1m::'illtl1JZulUH! !lilil'\l1.flWl'Ufl'lB'4fl1rHl'IfHI?I 0.5 11 fj'HlJiI'i 

\l'Ulf'ltr.-.ltyfl. l J.} illlfl'.mJ~7 (Inwli 2ee)} !I1Ji;;fJlJf1l31J f)jU~~l1-e'11t1'\11-11f1m r, 'U lut.l:::thHl'U1~Uih1-l1Hru. 
ihj1Jl'i!fl\jfntll'l1J.u:nJm~(r!l~h.!"~J~ 4.6 .- U.6 iu lfl~UJi1'i (ml'l~ l(d» Hnt~h!'lJl1'j ttHHihHllt1'\rWlfl 

m~ illuiJ~t1un'u tAtlihm 11itj~tlYl 21.4 11] If!'.mJVI'i (i1l1'i~ 2(e}) . 
i1uflU'IJ1~rn~Il-l~1'I 

Ii!fJl'1ftl{fiilU l1f1BI'1 :nrhWH'flltil1J n n,ru 1'iJ~':HJ1inl'Hi'ii~1u\liJ ljoi)"j ~f\ l~iJth1th?n~f{ru \i ~1i 
! ,400 t:H¥11l'l!'Ci(Oiu;;r 'W1J'h fl9i'l 1ri 1 ~H\jtrlJ~N-YW.m Hl'M '(.U1J fiB i'f 1V1':1 (11'lU ~u.HUit1l'i'hl tI 'iJI1J~fltt 

1iJrrJ ~ i.:.JHlJ¥1 9 t)y!'iTthu ~HflJ ,.xuf18'f1'J lth11f'H:nj~ 1, 2 , J, 4, 5, 6, 7, 8. UCI::: 9 91'l1'W 9 D9I'i ltT1U'NtflJif 
/ 

, .
"11 •• , •••• 'J"trllJll \)tilt VI fa'!' f)11"'1: 'JJ ~VI H lllllfl li'i \ U '\I'U 'VI ~ l,l'BtJ f'fHiJ'il1Jf}.'J 'i5'U lHU'Il.ltJ WI . _.." 
'tIU fivUfl'l U fnnJt1I'Ufl I'll 'W lWllfl:lU 

t'htiil';lffl\.! Nil'll 9 t1'il'.i lcil~jNffl1 'hhIYlZ'ffliJ ffiJufi't114f11Ut1TW Uf'>::fffl'tll1m-H,fH~Eifll1i 

'1v1Nllr1 l"i'VI'flffOiJiillJf!1j 11~ 2 



2 

3 

11.36 

13.63 

14.54 

7.5 

7.5 

0.10 

0.04 

o 

4.:14 

4.29 

4,13 

4 	 15.90 4.197.5 o 

5 	 18.18 7.5 o 4.09 

6 19.09 	 7 o 3.99 

20.45 	 7 3.847 o 

]7822.72 6.5 	 oS 

24.099 6.5 	 o 3.76 

.. 	 . 
'il1fl1llJ'Frn 2 t11>1'ilriTW~fflJ¥iff1lJTHnl1hb1~f\L~'U gnmUUfJl<t:fl 1flfJ'U 'A'uri fltrnril1ml.1'lJ 

~ 3,4 ltt1t; 5 ;-Jj'1l'Ue91'flriJ'LJNff1J~tifl111HL~4~,!rl H{1::'tiiifll'j'C~.{jfllJlif\tl811'JlriTWifl'lJ~llilJltt'flJ 
~f!?I¥ien l~~ilfHfl'uQtmlltiftHCUl1ffl'O'U '~W15\ll'ilih'tU'Hnl~ 3 l,ifl>l'i1lfiijfilm"J1.-j~Y11t;-ltJjlJ lm~l 
mn:fi lf11">lJl1UlhtJt!.1l >3 

• .l' l"·P ,J_<.l ,1'AtJNUfln'flj '":.'iJ 1f1Hf\'; H~"mt)'iJ'I):j'l:fUH'fHXtr\J lfll'J '1ffli;1tl~<f,rll7'J ~i:H1J nmirum.11Hlfl'l n i ~"l 

l'Wf)'fl'nt'hu:.H'flJ~ I ~hi~TUifltlt~~fl1'jVlfr(tglHtJ1 rllH110UnmJ911 UTTUA;;YlJ~ J ~"lflu fl?lnih1-J WllJ 

~nfr'J ~lJ!.li1Jl!:'fflJ~t'l1'l 'h.i.fll'llhlJ1N~\1I~t1'\J'PItiff)t"rBfrll:m Uff;1l-1~"Jnl\1~ 3 

( a ) 

.... 'J! J' Ad"" J.
ftl'vm3 	11'1141;1''] hl1l!iY;rl'Ufl'l'itl'YIVl£l'mn1.-.!ULctriI'Jf':tlU OVl7T1'!1'UNffM1 [ (a) 

uR tl1J d:){:'1 lfhJt1VY; Hhu Nffl:~ J (b) ~ ')ltl~'\mlI'J 5,000 rri 1
", 

http:lf11">lJl1UlhtJt!.1l


• • 

II M, 1":·"'l~·~m''''"' 1\M~",",u11"",'m"n1fJ"",; 
t2 i W un 5 UliUYl2 (1'lq'Wf'INH'f1111!"l.; 2553) 

, ,- .. .._--_.­

~ 111 .... ""',: ,I {
'UlrVlt'lij 61: 1!H41flJ1\l1<l1lllfllU01<ll6 'if1\jjl,l 

fii) fll1"'flllitT'OUf\1 UI'fllJ tit) frn 'lifl ft U'J I ng11 Ha~nw.:nd1Mi'1I-11lJ 1J ¥i~al'r19iq~}J L"lI''S' lifn 

illfirdm9$t)7I'Hl \-l ~fiii¥lInU~ ll'U¥HY111 f1Jlii1')\'lU.~1J i1fr",mJYI'U~am'i.ijV\ i1 flH'H't~ 0.05 LUY~~11~f)'UR 
,l <' ~ ... .l t '''' ,£4 " "" '" .-'" ~ , ~ 

nHl1'1ifl1 fI f1Vll fH'I'il 'IJ tI t! 'U ffllJ1HlllUVl8 n ri 'II vl1S 'i't~l'Vn·l~t 'U tl'IJfl~HMl f1 Wq.UJ f)lH1nf1'UnHt fHl 

4~'1 t'!1111'J t:rtn~n\J• ~ • , v p '"'fi8t1lUllJ'l;;ff'YI1HnYl"" .,llWl'1H)'ifl'€lU""u 1'lf~l'i,.,TtWlf'j 1Wl ' A, 1\l\V\1n'U~l 'WfHqI't)'Hlfltl 

.,J' , d 
VlN/;!'fi'IJt.! UiWH QJi11YfYI 4 

tlihJ'nUfH.'1. , 
;r1-iftfrMunnJ~"e~li>lQRlJ l~fm" llJmnrn 3 \ 

¥111H~ 3 U!:1'~~{htJ'lb:JI)f}U'm-J(fl1j~l:ilftfil'lHJ'11~q~1J 

¥1Jlt1l'119j NiD '=' ::\ot detectabie I 



11'Ir:lSlitl!.(I~lilln.i) 1:MitMmu1lwl't'IZU1lJ11'l!'lit111li [~13 
iJ~ 5 fiU'IJ~ 2 (Vlqilm'fllJ-ii~'w!fl1J 2553) 

• 
fll11~hIflU fl U til:; \11 u'lm l¥i"lfl-11fl ~¥i1JUil ~ fll'J FI'J ")"fJ111 'i ~?1f1-1 ~ ~mf!"lfl-:j-1V1 Q~1J1~"1'~'C 

L tGiffi{hwutJlltiihflfl vndl iirhtnhzmruthfity flO l%illlfU~tJlIOt)fi'~"r ~OtJll~ 60.49 Uil~ 

-iam ~f}tJnt: 31.42 ff8ilfla'jiH!)'U (h';9{'S ~4;fi1~U, 2541 .84) miyrh ll1trft1'lh'llf)'flft!ilfJlI~amf1 
'1"" II "'., "''''' 1'/ dt <>-=",:., <li'-· 1'·~::\'ilW1fOj fllUtlJtHll1l9!fi 'H)tI~t: .::5 - 65 U?1t:"lH'1f)l Jfll'Jrlt 30 :tf~;;Hl'!mVlllf"n!af \I'I1'J~lJfHl m'HflM 

ft1JHalUl'j l:;:M'JIIHlflU'UrH 'Ij'hTvltJ.:J ''nU ~lnll (lJ.ltll.) ~H'fflii~'h L<lm{"hHOtJlJciR!fI)J&1i$f)1'i)~rafJ1.l:; 

32.50 um::lJ'lJ'Ul'i1!ll3fJ 2.o21lJ lrmlJm ~~~~H~H1\9lQ~1J¢Jjjfl')llH'I:;!6(J1"I~1 i.hl11'l.Jii~iflOip1lJ1f1nil 
V1:::.lm 1'llH lYl 40() rlJ"l! ~~i~lIfjl-l.1I'lqiiu~iJm llJt'I:;'BfJflmni1l11t1IOV'nUn Ul1~i1 nlmj~,nrJ"lUll'l~~ 

"'.. '''''.1 ..s ., ... "''''' .., '" '" tj' •2. 't'1tlfi YlUl1lJffl1i u'J!:fHm n lflty fl8 9lt'lf)1 'i iH.la~ 29.36 Hi:'l~ HlJflW!'1itllJOtlfl :tflfl J fltlf1z; 36. ~ 0 

urnJ m:;ull.!'llUlll~~ih.ltJl¥lHl~tI 15.13 111lmliJiI"J ~~fjfr)1lJlltltit!1Ujlnflililt:Um~'!I141l'l 400 UJ'b 
, . 

£rtHlft~fJ4il1J1i'fJlda'lHH tijrJVllJ'UYlfV1ihnflft~~~ l'hn?J o.1.1JlI.) i1u~4'h i~fHjyrnlJil~lVtlfl 

JJlf1i'H)~ 'ilz;'i1'UJ ntH~ l'U'fI:::n m ~ 'I.IlJ lfi 325 nJ~ 11ii'Q~ 99 nJflfl~l-I.,,} H~ii(hfn'HltUdTrJ'i~ 'H )11 

"'- "tJ ,;; ,,\ ~ ,.,; ..\ ... 4~ "" ,,-" ~="i 
nln~rin:::l1tW(jf11Uamn; 33.15 ~~l1JUH1Y\'l4lJ1fl m1H'tH)UJ1'il1flf)1''IlfHt)1Jl'Ws~n1C1fll!ffilUi?!. tum,; 

~"mlv4)jl,\'~ 
'" <' • "", AI ~., '" ~ "l.t '1/ ..

3. UfltH,)"VlJtll~UfH'U'I'1 'YilJ11 iJff1Uul::nmJl:Ilf1ty flO umWlfllilfWf1 ~~~ 'Je:lt!t'I~ 73.2311'\l\'!lfi 

...;, ~jl ~~""'"v "'''''' .,,, .. ,,;.:~., Il d l"mtw 24,18 11 fl'HllVll <H !nfllflu:lfl'j'lZl~tI,\!IH un:!,;, l~lJi.,.n'WlJl1H)\lI_l1~ 1lHi?l (11.'1..1 .) "Uhl~11 

HfltH;mjfll';1JfJ;'Uil~fHn'l.li-J1Vlm50'iJfJ~rdj 25 'ulm!lJm 

" 'j " "" "".ojn:rtw 6.59 lJ lftillJ\>1~ Hm;l..!f)l'jf)'i~\l1tJ'lJU1~fI~ 

5. ~'W'Ifn'j:l-I.El~ vm11 ihh'UlhGJflElud'1fl'qJ ¥1fl9f~m fverll~ 47,35 tlil:ta:~ih.n rautl;:; 3F)'61 

A 1 '# "" "'." 0' '" ....... cl '" ." ~l t1": ,,, =< ""'" 

q);j tlmfHJinm'Hl1lf!';jl:;H'I-'l1lfllJ'\Jfl~ ~J':i"Y'll WlJ til 1"1 ~lfl~ {lJ.u..) 'VltlffYl~'Jll'lU'\Jl1'J:1.Hl~1l '1fftfll 

)! "" " '" 4 ,., A,.. "" ~ 1)f!f.lft:: 46,80 tm:::f):::~lH-J.l 'J88tlt J7_5u U\l;;U'J1J1f!m{;liitlHflllJ'll0lJn'lltl~'lJ~~\1 fI€l13.615 W l1:t!lJ¥I:i 

'lj).f!W1Jf1iBWf11f1 ff114 htruut\l,llt111Jllf1tI . , 0 

v ~ 

'\fUfl'l!:lllUfll'UU'IA 

r 111101 yH'fll')'<;'lQilUti1; \j 1J?iNfUHU fj fl ,), t1:11-1 Q\'£H1i tfl'nbOfi7::: ill a ft'Uu:~<u~ml11..r~;:t!'!)'f1¥j lilU11 

http:W'Ifn'j:l-I.El
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~, "" _., '[",J '" ' 
aoaiii'uihtlihJ ll'hJlwi\1~fl11aQ'''''1'!tJIm" 0.05 0.20 fto.ftaa"llJm'"~OU'" '''l.1U'lf10m""O 

00",11 feao: 0.20 'llnl'1J~1.q~1J"1J1Jtll"n 

, " 

l~,"i\"1J~" 20 iJ."~1U~1Y1J ~a."ri1uN"'IJi\'H,1l"Ql.1'l"OI~,1l1i"llllJiNm'"hu"mNl 
lfnnm 9 O?l"ilU1tJfHTlJ ftmrflllthl.HHYlJ~ 1 ii~ 9' irlfl\.hhhwrff'ilUfll.nj~ l'nrh rilfillH'flil 

.. _ ~4t}l ,. ... .;jjl ,"',,;'" 

t"lf·:nhlJ lillln!1Vl'lfi fH) 'HH,)!):: 2409 tHH.lVlty¥l til.! '.IOU"t lU6 fllf111'1Ht'U~lJlnYl1{~ l'ifl 1.5 
, ,~ 

(~11l1l1~j:!lW\1041jJt) uiwViq~ Ail 6"5 (~1111J1';;1!lV~fj41iJd') film'jijfl~lHhlJ1nn<1f1 flO funa: 
, ,. 

0.10 ti t1 Vll qfl ft fl , UlIfl1 'i I'jl'l9hnll fi lfl1 llJ1il..llUl-i1HJln;; llfl fi fl 4.34 f) r llv1 f) ~ flU lf1'n19JU VillJ~1 

, ",
tfU~'UiH fll'nl fi ~1B fH1';j lAtJ ~uiiHiiU f) 1'J ria'i&f111lj"~1~ tlVl t.l ~ t ·Ui11-Hl fi~ fl11 t1 tJ-1~1'IJ tH m~ 111ft 

1\fl'lWu1~~uf\djP11 w'U U l~ IftO h1 '\Jtu:: 1N 1111 'lf~ \! on f) 1'U 1vq tJ ~lJ¥I {j~ ffftl unfl nhJ~ ~vhhl'1i1 ~ 

!11'Jii'?:i ') L~'iJ f'liifUlw trrlii rVi rWU'Ol'J~l):::1h'~tnflf141l.111U1Uu\.J Q"~1t')tj~4 (Q?li'n 'llil'J illt H~tfln:::, 
, . 

2545 41) mlTrh ftl"liiilJflnnodl'Ull'illJ:UWiltt~U~1~ln'flm1 H'tlii1'\lfl-llVirU 01nVl!UU hittl11THI 

(I: 'rw4~fliHn 1'U HrU::!1 W~ Hflni.llf1!YilU'~ flli: 'JlJ1tJ711'11mlfl'i'U ~'llt ~ nUlla ~ ,~r:lnfilH~1J ,n~ !vHJ 

~!'I11Jl:; tUj \11 n1l0fl111J Qu ff'il'l 11 'Hln~i)~ i1tiletl~tl11tJl~l1iit l'q 'U Ll1J1Jl1 ~ H~:; nl9ft 'U 1'1'11 \1 jlJffi11 fJ 

, 1I'l' .!=.'" , .A <1 1? .I: 
fll1f110rJfi l(1(1I;H)'I 1?l11i: 'if'luvm fWl j £I 1mi1 U ft'iH n1WI 1M Oflflfjl fl'i ~n') 141 i1f11f1'U tI ~if\i'f1 Iii fi(}'U 

dt ,: .. , 'I $I"" "'- '"' ..; I) ''1',4 '" $I ,
qj'HiUli?liH.l1Jl1f1lUIll !.1lJln1u~U1FmHl Ht'!:lHflSUYI m llHyvHHiH)~1l1flfi1'iU;Hlfl1"b"crl1"li1t11l'fl 

, . , ,"
f}rumJ'nllrHt i:; nil ff1 W ri 1r11 Tlmij,rn q;j 'l~¥lllJ1Jl:il 'i! nl ihi1HUfiUU iHW)f!t\' t1-l tltl (1fH.J a fflr11'lTf, 

. "A .. , ,,; .... 'Iv"" <I d\ 
2531 : 174) naYl11 IW'I)I¢)iI'J'Ji'l8U <rtlml1l-lt117t;.j1m~um.IJ1J~-l\1:;:1'1l1'HlJtnmllJL!'\I-lH 'j ~i;l'l UanlH)'J 

" fll1IJau't'l'-I..n'IJB-lrllmb: \J;;: Vllr;i1 ti lfnnm~.a,!;j filfllUt'l1''U1Ullun/U.u'llfJ Iii'niUfllf!lUJ1f14 m.Ju ., .. 
'UtHvi1f.H~D{ftfJ'Ui1hl\llnfl Yj 1~fJlhhflfiD'U~ lHJ nhnhh1~t}iift~tHfttl111 (Reed. 1989 : 26!) 

http:irlfl\.hhhwrff'ilUfll.nj


15 
i'~)1~t!'111it1'UtlZ~I'l!Ul 1'ewuil4f11ur'ufi1::mlJil11ltitul : ~ 

il~ 5 ilUiJ~ 1: (tHpJiilfllJ-fi1'l'!1l"1lJ 2553; 

, 
m'i~'1l:;lJ 'ill 

(l'a""") 

~-~'I f)~l~i1l-i1UUU 

i (nrll!~ll_), 

423 


iJlfl¥l11 N~ 4 'ViU"h rj¥1'j HhWH'l'lJ~ 3 i1f11f11'j'l1~\ih~;,nJ~lJ1'f1jr(HJ()::: 14.54 f111lJU.ij>l 7.5 

AllJlJW\'j!l'U'\HH LUff )jf111~V1~Jl ua:::vfh1'l11lJl1'Ulmh.! 4.23 n-rlJ/1JilJ.' 

hwi¥l <j l~ Ill'"' t'fmiftH'1fDi fi flU ~tih}f\'.'U'Hilll~n'UfitifiH"lfaifltru '~uri trillA li'hUi4filJ~ 3 

IhznmJhl~1tr)fltl;\'1J fit) 1%131huu!l11<liamfl fmmt; 92.5 ffTi'lf1tJfi7lf{UH1I.lii fHtJll:t 7.5 !'v1m~lI 

~'W'tllTJ~\HH !Otlrl±: 5 D~Viq:rI'fY1''-lflTHm~QUtl1:)ii 1,400 \J\lfflt9l'1:lt9hJff 

,rU'Yl ~i:! a."t'~ fil.WI ill m~f1 !~Hl iftfll1 

~ ... ",.t A' of d"".&'", .21'" 
'iJ H~ tl 'f1 fHil "Y! 'Ill m\HH"IHJ ':I fI 0 U VI I'll!" '\ltH1J 'W ~ fI'lJ'f't't'l'J,'J flj ~ 1] nn '\Ill HW;l \1 Nlij'iHlfH'I H . . 
'" ""... ~ ... 'I 1'" ... _I 0', '" T!i.~11.5 ;'1fU'fHlJifI'J un 1..5 l'1iU~JlJ9'.'5 fl1t!LflnLtf}?l Hf mi:1flHH6'i'l3,000 uflUfiI;;t,t1fllS141L1 i1Jli¥lfftJll 

1l'::I'1iflihJllfl!]11 afJUfl~d'<n9re{fltrwiJfnlHl1';,!vi8m1ii¥iil~~ fltJ lJfll1Ul'I'Wfimnni1ltY !tJt;i1~ 0.05 

l'FIU~fl1H'Itl~ i1if,!~uiir' l'ifffln3m.fumHfitl~ 0,04 n1lJ 

~ ~. . 
1.1 r11'J11"1F"-lnnl'J1uvilhJ1i ~llrhJ6dl-l~.]tl~tHihnnl~",w'l5mlci1t!NJ;1}j11nlfltlflj,) 

l~f)~ 1l1ni\f!Q~1!lLie!Z:LLV!ri.dj1:UJu~ l!t1:::fhi.J.1h::n~'U"lJfH:i'S· 'fi "1~Yh'l1 U'flf)~ Ht)'U ?;ft~'-K81'\J 't!nfiifl".~nH . " 
1-2 mnh1l'1Q~mnHii.H1l:i1iau,}a:T114 frllijfll'Hn'UfJlJfll111~'W'\lt! :J1nQ~hrhrsd 

1u 'g;~1I~ i11111'J fl f jJ'lOufl1 ~1it! 
I 3 it'U'\JV4UYl~~11J1Hi l-Jrl11~'U11MMtlfl'ntJu~.J~'] Lltl'iitJ N-:;'U (FlUutl¥hrY1~ls fJ1;tl1f) 

.1 '" ~ >'.. "''''' '" 1" .., "" ,~ c:! ~ '" J'
IA '11'J 'IJ 'W11hJO~l'-ril fI fII,W:'rllHHI11'J11i fI1'j t"(;Hl fi '·mnn:: \1'11 nu r-.lfWI i1 ill.;')1tH-! "1 Wi!:t: fHW\'lj tJ. 

. . 
2. -tiBlau tlll'\.l~rlll1flJm'j ~ 11%UfI f'lI'lV hJ 

2.2 fll J ffmn 1i'"tJ 1¥l Qfi'U 'hU II ~'U ~u llJ1Y4t19i: ttl') ihm:i¥1 ~ ilIl11J i1~ 1):; thin1<fw [)f1 

11 r, w ". '"' 'ow "" X ,f
!11'W;:'; {\:hl;' ill 't1 m117"d 13 vitlil til ft~tI:tJ' 1ill0 illfH W tI t'!lS j f1fr!.J 
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2.3 fll'i ffrnnrnnho-u ftL fl1 ~ ff n ~1t1f)it \I1fHU)tJ~1 H(1:: f1'Tl 'H ~a ih'!~'1f1 tJ1'W fl1 j ~tfni• 

Qfl9"J 1rr~l ~\IU trg:.:l'I1.l.It. (2545). rnSf(i1A!qf"li'lol"tlm'lo~uuu. nl~i'YI,"4i : ~wJrvlfll 'W lilB1rnn:mu: 

iil,,!m.f'l'l11Wl ihufl~lUl~iM\.nli'1U1ft'W'f1fmtn1"H'llu 1,,[hn1~'lnW m:;Vln~ lVHnffl1'r'il1 Ir/:'l:::; 

mo,IlLuli. 

lmm j'fnh"ff. (2531), .:rfiQ~'Um,n'lH1Ut1'l~8,]~Ufhm.jUlU~t~8~hi~U. n~>1n1'Vi4: mfll'1!Hh~duil'U 
<> '" .<1 '" '" LHl '/iUl::;-)<lfiF!'1!1l111fl711H'fflu 1lH11(j{lfll\1'itUfr~, 

fHll:: fW'ilJf'TJ f)1 'j1ivHli4'1!lji, ~h,1m n.i, (2543}. ll'J~fIl;si,ij[JII..1>l'lllUihn11:1f1qVH~fi~1l13Vlil. 
fll:Jl'flV14 .: :l-nrft·HUf\iUtm'j'iJrnJfll'i1~t!J.!ti~'ll'1~ fln:'YIn~1Y1f!lfflt1'\'If utu:nlfllw llt~. 

tl'i~'l1)(j?l erl'Sff'Vl if {2542). !~&Al1~li 2. 'Ufl'i ft~b 'S'HJJ 1~ ; flru: L'M111J l~llt;!~n'Trfrn 'JlJ fYt11U1J'n'lHl!] 

, . 
\Ii"" "" "'''''''" , ..... "'.. 1 0 ~,
!"I'fl1C\'j D.:tff'J l@JR (2541), n.H)~'!4J"U1:1j.jfL fI~ ~nlW4 fiii1tJtn'fll'1 ~. 

fJ-1' 'l'W ~-ltl?l(llitl'W-U), lJ~.ytl" (lJ .11. D.). f,j111tf111~lhll~!VIll. Tl1 ~IVlYi"'. 

I:TUiifl mll'U.ll1lttl::::tln~'Sl i!~h.\ltf. (2539). "1'llI'JliirmtniruJ: 'U'Hi1t1UUi:I::::ft11'1..HXlt1\l".11'i1lfl'i!l1o 

nm'i"'''l!flfllIl1.l'iund'''''l. (\'J~ 4 "''' 70 ·73), 

q1 ffn~"1ni1mi14£. (2436), frl'iNihuwh.!'HH:rlJilg:MU UY m1u1'1i'-3 n~1111fi1ilarm':}oilo&. 

q -H1WUJl1 rum 111fJ1ihruu tljftJl}j 11'¥1t11fl'lilfl 'j lJ'H1U(lJ'l'1'?l ~m(j4fi'Jr11Jv! 11'¥1tllftU. 

Reed, James S. (1989t Introduction to The Principles of Ceramic Processing. New York, 

Rhodes, DenieL (1912). Clay and Glazer for Tne Potter. London: Pitmane Publishmg Company 

Thierry Chartier, Marc Fenato and Jean F, Baumard. (l9:}5). "S'J.pctcritical Debinding oflnjection Molted 

Ceramic". Journal Qf American Cenlmies Society. 47 OS}: ! n9. 

Singer, h;;~ix and Sonja S, (1974). Industrial Ceramics, Lundon : Chaman and Hall Ltd. 
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