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Development of Insulatin~ firebricks from rice husk ash 
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Abstract 

The purposes of this research were to study the physical properties of insulated firebrick body 

prior and post burnin:.: at 1300·C at oxidation atmosphere. and to experimental by producing insulated 

fi rebricks uSlnS hydraulic press. n,e ingredients were randomly chosen from a truncated prism \vith 36 

samples. The main in\5redients were rice ash, Aluminum Oxide, Surat Batt Clay, 10% of Bentonite for 

developIng stickiness, and 20% of fly ash to ~enerate porosity. The results of the study showed that 

amount of day body thai is appropriate for makin:.: insulatel firebricks is a day body formula 10 which 

(onslsted of 65% of rice husk ash, 22% of A\uminum Oxide. 13% of Surat Ba\l Clay, 10% of Bentonite, and 

20% of fl.y ash. The day body was formed by a hydraulic press, The shrinkage prior burning was 

-2.25 :t. 006%, and post burnin~ was 6.6.3 :t 0.16%. The Stren~th of the body before burning was 

0.22 1- O. kg/cm', and after burning was 3)15 1- 0.23 kg/em]. The mean bulk density of the body was , . 
087 :t 0.07 s!crn on average. The color of the body was li:.:ht :.:rey and the heat tolerance was at 1300 C 

lJnd~r oxidation atmoSI)hele. As a result. th€' borly clay formula 10 is the most appropriate for formin~ 

insulating firebricks by hydraulk press. 
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ltil81tu'i ~ a~~ 300 nli'ln -rlJ 9i n!l\ l'il~L"Iu9iu/ !Il "j tJ~ iJ [) 
~'\i l'1 VI ~tl ~111u~-1"OJ1 m~\JYlfl?i tI\J ~ ru", , ),j~ 't1 1 ~nlV n 1YI 

~I(I ~ ,.Qtl~\Jiiu ri tl'mn l !ii'uri Al11H11lJ1"l['ll 'IJ rtT') ;1ul tJ 

Ji'l l1ifl'iJ -!!lVlll1'il'iilftrl fl11lJVlIlI~1 U~:: fll1lJU~-1U'H 

~f{; ~ lnJ'\iU1\ th tJ1Yl lilCl il1ilVI9l1Un f'l iJfUVllJii 1,300 
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'1l 11J vliJ ~\l1~ 1 \i1 

uvi n'l "i'l i}~ L\J tJ n nUA11lJVl l " iJ~ Uvi ~ '\'IMft iJ .)Yl Ltl l u~1 

I'I l 1lJU ~.)U 'j' ~~i'1tJn1"1nfl"nt"tJ1iLFl~iJ ~'\'I VHHl tJ fin 1).) 

u.; .) U,-I fl11lJ\'1U 1vl ,xlUnl'i111 U vi ~'\'I Vli'I iJ.111.)t1U\Jf'l l U 

ti,l t11"' 1 u.~l«-IlnMl ' t R~ Hlt tJ.1U \o'ln1f1(l iJ~ fl1 1 lJ 
• 

'VI U1 U.oJU 'i1 1J flil '\J l ru~1 nn1"1ifln;;~')l'Il1JU~:: n 11i~ 

J l 'V1Un u,(l::al'llvn1,1i~ci\JL~ tJ\J~1Jl \1\'~lU (Panto~.e 
Formula Guides) 'iJ1n,r\JAfl Lft f)n ~Vi' 'I1 1 \J tliUJ 'tlf)~LU€I 

~'\J~'\JD!V1'L11WQ,\[)'\J~ijfll1lJL'VIlJ1::I'IJJ 1U'I'lfl aCl ~ tl ftUi D! 
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~il n 1111A"i 1n~ 1l1"ltJil(:lD!",Utr!QU1U111 [J1i ~1nl11'jlVifJ\Jlntl~l"] ru(U)1$i ~11 ~n'tl fI w, m) 

ailUr1 ~\ l dJ\rr'il (1,~\J114MI. 'I iY)Ur-JiUJ \,fi'~\I1nm~ 

Yilnl~i>in1:!liJfJ)J'fIi'1fij~'j,fi1V1 1 ~nlt1f1 11'j 'tlD~~Gi)~UalJ. ' 

G,!YlU1rlOlJ l\.n~~nr:ruL"'Iu.~ ::;\ic\·n:.n ~,gOUtlimJfhJ 
nl"'Il(,J~ il1JA Nftllffii",1 mlU1l1vttD1DIlVJ\JtvlUtJ11J , -
ARt'" C2 lAmV1uULRu~n\JfJruftlJ,ji;i""-101UI11"tii1\J 

1w... ... ..I ­
n.., ;~ \J 1 \J n' I'j '11 (t1 'i'! r. \J ~ lljfll'')'I'l (t1ft UU ll. C1::; LI'I 'i D~lJ El 

l'dwiii ~1nu liu n1 'jYll'l;:,mJ u."';..\ '11 tilflO ~Ldfl~uD\Jv~VlUt 'II 

\l U; U II ROI'i I'I~I'I !J\Jf)ruftlJU~ '1mn IV f)1yj'tJil~B!",U1 :~ 
,_ .. " .,I

\l'JlU Ar\M C2 ~"U11 W'lTllHl'1l.Jll.'iWI,Nu,n LOrlV 323 

t 0.22 ntM~miEl"111WilU?hlJ9I'i "11~"lJ1Uth.l.'j111 

LiJ~tI 0,84 :t 0.01 0~mimmU1l'1riLlI\Jiiull1l'j ~'tI11~~11• 

L11 El~hJ ~U \iii fJ ru i"I)j \i'~ \'11 ~ n1 [} ill \~ L\oHl 1::; (1 ,J ~ '1 !'I 
1~' 1411 L ;f!)~\J~'J~\o1'l~ 10 ljfYl i ll U. ~1ll"i 0111 R'w·n Llo1ii!.J 

3115 l on n1flfl'hJ(;jDC.l1'SllL'U\J(;;llJVI1 n~JljlWUlllU"\J 
'j1lJlil~11J 087 ~ 007 n~'lJ\iitJ \1'1Uli',ril'l!U~UJ7'; ';;V.1' 

DDU tn~fJUI"';;!'l<blJ&.I"lltil~lJfJfhJ~\J~J1'i~ 10 t\J~'u 
'ltl~R91Ji'ru"~~\Jh~o\J1\JW1mA''l'lmif!10'11 ''iD ~1l hlli{i. ­
uu m1Ul'Ilrn'lt' ?!\II") "TU~t'llJ OtiV1U1'fIihJ''ltJ1~(,i \1A~mlJ. - . 

n"\ 'H~1~1111'lflU1l.1,1<5\tlUD!',1\J1\'/ il tnu1tlL.•l l ~ c.J 11~' 

~fj~ul~Qu1\J~~U'l~~1~" utJ ~u~1 ~ M~u~ t' ., . 

l1ll'1~ 1 nl'j~'\Jl\JD~~"lJtyjilU1\J~1t1U\J\JlhJ'l'j'1a'\.1::; U~~n1w.nB!~ulyjO\J1U ~B n1'l'.il~!VlutYl il\J11J 
BDn~1nuu\JYil.lvi (n) n1'j~-35!"'"lJhi0\J1ull1u,".J (11 ) f11'jlJ.n5!Y1uh~il\J1\J (1'1) fjp'"\Jh!ilU1U~~1\Jf11'j 
l~1U~1 (-1) 

';1Utl'lQ\Jl\J t!llvl,y~1u.n(l1J~\'Juifl~~ u1u\1 fI'i~ 1\J~?llJriBU 
u.n~::;,.,fi'.Jl'./1~nM~ii 1.300 €l-1i'11ltli\l;;Vft U'l1t.J1n1i'1 

n1'lLtJl1\.UJUU\J"'~1J"i ru i'l ll~"",Jfl1VmOWll EmdElflU 

~\Jij~"'\J1'I'lntlULtJ l ft11u·M'I~1ntlUu.n ldij~u~uJ-1 
36 r; VI"i~1utH'!~ilRI1"11llJVlI>l 1li1riDULr-JILthJi'I\J ~ijiu 
"W1 (j iJ H nCIIfl1"i't! til fJ ~1 ~~tJi'I yh111 n1'1I'hUl ru",1f".1111 . . 

• 

, •. - , .. , . ' 
~ ~ 11 n n£u~ r, 1 L utJi'\ 1.J ~ l1tl /" WJU'IIlJP,lA1 'ilJ t IVlG' 1n flU l~ '1 

luurI \Jlnf1~?l\ill~unLG'Cl~lJ~U?l \ll'j~ 29 ft 11lJY.l'ltnl. . 
..I .. .r ...:'i ..I .. , u 

LOi'lEl'HIUi'lt' -2 .58 ± 0. 14 lUCl~lJuU"'lJftlft111lt.1~~1 

nflul~l~tlUi'l\JU[lEl~,!fll~u.rilJiJ~u\1u~(ll'j~ 31 u.i'I ::; 

36 rnllJ\ol ~(Ij'll0~tI'mJflt' · 2-11 ± 0,04 l'Il l...,.,~yhh'i" 

~U."ti\i'liH Lntil fl1'j'tltJ1tJ~1 loI~~'illnUl Blin il l n U \J uyj 1J yj 

IJtiI m ~lfi ~ 'il l f1~~~BtlYil-ti Ltl \.I~'U~C11J1U L rl"tl ~lJ,J'U5~ 
V1U1YiOti1U ~.J~ iinl'lrLJ::; ~mJil -1t.1tJ l1J1lJ'tIru::: ~\J'ltJ Lfi~• 
n1"l'lo1,,;ll~1[Ju.1 ~BfI loI~.J'il1 mhDBn'il1 nu.1JuYilJYiB~~~ 

Li1f1 n11PI"1 v ii'1 ci -1tJ('I '\Iii'11€ u-11lJi'in1'l'tlEl , Elii', ut1::ii 
WIllit "qj~\J ,r~mflfJ~1\ UUtl1~dtl~ufiu~iilVltl lii\J'Ij,j(i1 
ii~11)JLt.10m U~::1iJ11.tJ \J~1 \J "IC1)J1ULdtJ ~uD... 'iI::; l fi fI 
nl'..,flGl,ntllJLm L~Cl~'ill f1iiJ,~L\]Uft ll\ol ~ 'Ii11",Lrl"uiii \J 
Uu\-\~iJ~;;; ;;tti'ru';:~fil'ln11\lQ'1,j1 f'l111miim 'I ~'!)£)-lLlJo&1lJ 

~unClUL~1 L\JU'1ru41~~~ u.41 \il ~t~L"u~ ~fl111J V1"\J Yl1 U 

~ElU, ~~1Jln'it' 'I11j fm:: l Yi flUt.1~ElU,~nfl L\JUfl "J?l"1J\J"ii~ 
~1flcy'tltHLdai,u~u (Andrews. 1957) Ldl!ii 'JBu~~VlU 
l\'lo\J' \J J~ 36 ~(Jl1~'\HHIUJhW lOcttlu.~' liA 1 A11IJ 
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U{I~U '5 ~'::t1t· i~dl11t'.J '.I1f\ft 1fll1l.;U ~~ U.1 ~'tIrN~dtJ;hJ~U 
Ii :J. U It-J 1~'1J£l ~ ntJ ·r" 'linu~fJtl~1\J~ (l\ ~~")utl",UJn 1 tU ~VI ~ 
;.; 11l~ ,1\;i":191r] ~ ·11 U~';;jj"l 1lll'" UtJ11)~lJlnll :':'1;'1~ldtl 

(I\\J~1J\t\J'''-I1).m;U lit"'i-lC 1hJ\L(l\rn~n i1t! (Singer . 1963) 

.:llJU1ll;Ji.1i~\Jfi u'li jj fI11:J uii.,u,"1 .;ritllJ l~i~QiiuUln~ ~VI 
1~ LL I " l~~~'\.j{j't.l\j~~~ 33 A11lJU..uJU'"j-HO~lJ 
o40 ~ 0.07 m:M~1;~llm11~1'il\J;UJO\"11\Ji191'i~1\J~"i'I)J• 
ljdi"Mr!illJ~"i}Uil~ 57 il:':i1nlt1UlJilDf)l~trliElfJfI~ 28 ~1J• 
;~ ~.ll;:l!l~~mJ<1:: 1.') l~lJL~i1.ll\Jul'nl\JIIi"i'8u,,:: 10 Ull:.: 

~i~tH.J~'mm~ 20 l.jjDYhn'irul~l'ilU~~jJlIEl~ldllflU{hJ 
~;>'1Yi 33 l"i1Ji 1ihilu'H'IHYli.i~n1lJl",ii[n;.Jl!li'uri~hJfi1 
~1 1 l:1{);UIl:; itJ"\.I\"IlllJLJl1 U~91'H"IUe-J"i'llJ"l11Jn\J~~{mHH~ 

2 5 ~'ll'i'l~~vh1",i'i'"il11ll11~-lU.1-l1lil ~ I~Dfl\Ah..1l1tl'l.n~ ilJ 

1..11 n UCI11 \Jl'1I~m.J r1U'!Jl)Jc111 U~01'i~l\J~4'llJ'tlil-lL ,j"vilu 

~ uii~lutJalJ'Utl~1Vl'l~u~iifl11)Jl"'UU1il~UtJtJI'i'ilt:l';'1i 
,dtJ r,;u~tJii f1"l11JU ~.JU1.J1i U1..1 It.l1oWtJUVl1mJ1 ~~,j"HJ~l.J 
I ~II ~'UfjtJ 4'1.ill '5~ ii "111JU1i -l u'wi E)\Jl~11tI ~mJtJuYi "',.. 
1~UriIJ!l~\J~1J~011~ 29 fll11J1.I'V~U" ~i U~fJ 0.00 

nlani'lJt;i fJm1 1.J L'ijt.l~\lJfI'i tU~Vl' ~1'U~1"I1Jiiul1 unflU 

~"i.lU (l :: 57 !):.:~ih{jlJ1J"i.lunl'!1v11tlV!'\:': 36 ~U~1~'i''!;!li 

'i) tJa~ 7 lr1lJLfl1Jl\JtJL"\tJI'!1mJa::: 10 Ua:::;L~tHJ 
1tJfJ~:': 20 i~fJ~~1~ru1~V11~lU~"'lJ~\)11U~ltJtJ"'lJ 

"f.IfJ~1~'liii\)·;iijfl11lJlV!um~-l1~uri~ul>h~'1lf!liu":::\\Ju 
1 .",1,"l(iil\.1~(II~~l"w.m1J11lJn\.lfi)ufl::: 17 ~11W11lJ1'iCllu 

n'i~"tJltl~ltM~tm)f1 ldtl~lJihJl.r.., 36 ~\fI'i~lU~4'I)J~U 
l\l~1VlPl~tl~'ilV11!1V1'u~f11~ 1.jtl~'J 1n1U~V1'~l\J~C'llJU 
1'!II~~Ut \J11~lJ~)jfll11Hv,ihn'ilu\fi"uri flu'ih~'l1lf!li 
\ \1 U1'r1l ulli; ~ii ""lu,hm;11..'h,j'fJ ~U{jUUPll1lJL",ii m~U 

~ti~1 m"~tJ.JBfI\[ll>l'i"i.l~n1~ uun'llndrl1'i;U'ltl~lv 
\f'l~B~~fllDV1'"W~ntiu'i~Uf\~ 300 fi1ani'1J~i11'1111.J 
I'i:lt.I~ ill"" d'Juu'HDfI~4'I-l~~ihbu,buvh1..;'L;f"i.l;)tJnu~\J• 

MJ u~"Il1~ fl1Uf\ ll'1'tJ imifil A \lnu ii~"Ilu1vl 

QU 11.1'1 " -l L ~ 11'l 1 1lJ'" I'I~1't1 tJ ~ l.QtJ ~U~ UVI fi~ Lr.n L~'iliiu 
~\.I~ii Fl1 1lJV! ~fi1'Hh~~1Hl~tJlJ1 f1~~ \>!1~llnl{}tl~ 1..1 n u 

..l ... ...j.. ..; 

~VI'Vl 31 fl11lJm\?11~,u'ltJ,.tlfJa::: 6.96 ± 0.23 "'11'11I1lYl 

'I'i"ltl1l,ii1~lU~\J~V1"~ 31 ijPl11lJ"'l>l~1LQ~tJ",a~L~11JI fl 
~~o;iIl.jil ~'iJ1flltJ~~mi1U~4'I)JlltJ~LduMU{h.l~~"~ 31 tl ~ 
tlJn~}jtliN ~.~1(hut-JfflJYiiiuhul1fttJ€I~1um).llru,jilvlu 
('I IJI ~ ~ 1UtJ "l!~tl'f.ltJa ::: 57 ui111nam tJu1\1H1~U ~ ii. . 
fn ~ tI 'l:': l1il\)'IJ v~~ ~11\~~ (hiiv~lJ1 11t U ?i Vl"~1tJ~?i lJ'iJ:::ii. . . 
~lU'Ii1m';'1-AI dilGiU~\Jjji'l11lJ\1ti1i1,jilu"11Jln \mm 

(25 31) f)~'\1Hi1 11'i~~\Jm\l~i1 n1iJ.Jii8~ '..1alU 'ljilVi 
~-:itJ f11tJ\II<6 liio\hhJt-J4'liJldtJ~u6u \J::"hl"lnuMuou 

U.t-lU1'1 dJulM ~"~1.JU().JntJn1'i\-l~\l\1'Jil J~ ~Vlflru'fi 

IifD~u{jU~jjPl'l1l!"'1I~1"'C\~1'-11IiJ ~U11£lU~~Vl1~Uril ii-tl 

~tJiJ\J~JI'~ 29 fl11lJ"'(i\"liiJ~fJ~mm:: 2 57 • 0 16 

"1\\1IJ1~"hh1Ldtl~\J~lJ"(I\1~ 29 iiI'l11l"I~G11y\~~~1--! 
UtJ U~('. i'll Uil.J~ ·l nl tJ ('.'i1. 'l~ltJtJ j.1).J iitl~lJ' l"U 'tl u ~ . 
D::ftihiiv),JtJun1'!1~1J"In~a'll~~ ~'ilUi'l:': 36 unlJlUtJ1J

" . " 
mm1'11th t1u1J1 C)AU1\J fl*r)il!~VI'I.J1y/liJ Di'i v~lJ1n1\J ~ Jl,. 
~1Ut-J "'lI~~'Ih1IIIGv(Ziu{luii"j til"! nol1~~~\,Lft:.: '" ~r.J'" 'lilt\I 
LOu~U6uiifl11lJ""fli1UeWR1lJJ.ll l'~~91"j (2541) nflT1 

l1i1 iJi'I£iUll\JU1J1ClAU~Uf\11lJ'VlU1Wi'l~ ii'J !i1\1fttJ1 j", " ',. 
~ . .. '. ­i'I:::"'lUl-l 2.050 il.JRWil?il'!lUC'I fll1lJU'tI~U'i.J~imUilIi1U 

nU\1 c\~ 1tJ1 I ~il ~u{ju ~ijfl11lJU~.JU~ .J).\n~ iWI L Q ~ tIl.n n 

Yi~'Itt&111ri ~~il~U{jUiJ"'i~ 34 fll i lJU ii~u"'WiJ ~ r.J 

528 ± 0.26 ii1f1ni1J"D\I\l 'l l~\~\J&ii).lm i6ilA,,{jU.;1i'j 

1'I111JUt~U'l';,"''''~ ~lLQ~V1jflUti~f\liluri L,jil~U{j\JiJ ~ 'lYi 

29 fl l11J uii~u'.JUl~tJ 0.25 ± 0.07 nlM'hwiU\ln'll~ 
~'iltJRLJJ(J\"'j fl11)ru'; ~U,. ~'tIfl ~1UilAU6uII tll1n\-l~ tll1u!.J 

~1.Hl~n\lO\J~tJ\.I't1~Hl~1.JU~tl~WA~~~rilFi'\lfiEli'n1lJ,! 11 
il't1il~ldilAtJ{jultil!.JtlflriUft1l0·ijflU6\J~i1cilU~C'I).l""i.l.J 
1(11 ~ ~\I fl~1J~1uUl l11 ~'f1\J1vliJ ~ ~ ~ i) ~vii''''I,iiJ ~ U~\1If) ~ 
1'I11lJ'f1U1rlUC'I:::t1i~n~1~~~m;11'tPl11lJ U ~ ~ U"j ~Utl fJti1~ 

il!nh~ldfl~u6uM 'i ~ 29 il~1 'U~j1 jJ"tl~iJ:::,,£i1nUlJ 

t}tln111(1\ il ~\1~~n-i11i~dil~lJntJ~nflf\11lJ'f1\Jll'11,j'1 n~1 
lUuL;fm~u1nu~.J1111~ldij9i\1{jui1f111)1U.~~U." .J t1El V 
~~tiI ci1lJ~duii'U6u~(J\1~ 34 i1~1UtJ"'lJ'tIil~():::~ih\hJ:J 
tluflt";;UtlM"h d5tJ~ \1~U?i~1~ 29 ~~vi11""ldD~'.I6 \.J•... . .... . ...... 
~ 11~llJ1fln11~l ilJ U~~U"j.J II-lUi l1n11 C'1 V~flaij.Jn\)fl1 

n~11'Jij .J tllt.rl'1l \J (2543) ~fI~1Th tJ~;hmU\.l~l"';l 
htMtJii P111lJ Yl lJ1yfl~1J i:!nm\1ij~1 ~ n 11 ~ fl11til ~5lJ 1 

% .. .. .... 
Al111VlUh~'!Itl~LU!Jt1U01J l,jfl~lJilu'li~ 36 ~ m4'l'lJ1'lfi 

l'\lJt1'l~'QruVllJij 1,300 u.Jfl1l'llmi8!.J"lfl A11UVlUlvl'!ltJ.J 

1~il~u6\Jlii"·'.nni~C)~umilU1J~lUtJ"'lJ~tl ~ Liftl~ U~1J 
c11ttJ~fI,ci1\Jt-J"lJij1'lQfilJl\JfliilJ~lUU1~'l"llulwtl~lJ ll1 
1I:':~.JtJft~11"'l,iEJ~u61.1iifll 1).JVl\Jl1'1 lJ l f1flllJlJ l ~-l~ 
Ldo~u6u~.; 36 ~fI "jii i'(l\ C)fiu~~1AUri ~\(hUnfttru Cl ~ 
D::flih\lUlJ8i1fll'11fl tlJ"'FI"~lUr.J 4'l lJil,ntJ~l.J~fl!.Ji'l ~ 57­

" .. " .. 
7 1 Uft~ ,tlUa::: 22-34 ~1lJ~hliiu 1f1!!~U"'.J"f.}.J'llnflLu u 

i''''Q;'\JttJn~)J1\1'1!!",ultll~ flii il~lJ1111u~mci1'U~''lJ~nh 
"¥"-" , .. ,. . •

Vll'UEl\IIwtJ4'l1)J'l"M1.HnYlftM11JlI t ,300 tl~rnL~r'.'tIlIl1 

'l~?i ilflPl~ fl ~ n\l~ln ci l1tl fl -l1mJ~ (2531) ~ 11 ci 1111 

tl~iiU11\J1J"1"'l V1 \Jfl1111i'tlulil1J1nlu~iIIC'll"'fl"jm)LJl~'f1u 

1\'1 i'I11)J"'tJ1U\hJ11lJ1lD.J~dil~tJ,j1J Iif£J~u6u~ijPl111J 
. • \ .. . ...:- ... i1••

'I-ItJ1UlJ'J"jllJ1J1n'f1Ml AUfl\Ui)~\J UM1"j Yl 33 fill:.!. . 
"".l1U,J\J'i'llJlo.~!.J 0.96 :t OJll nftrntJ ~fl1fli'\fh~t.mUJ~1 

http:ii1f1ni1J"D\I\l'll~\~\J&ii).lm
http:LOu~U6uiifl11lJ""fli1UeWR1lJJ.ll


,J,,;.l.u '~u~i ~rll'i I,V\I'iu,"'lJ·nlJ-Um.lyj~R' (0111 ri~iJ j);j\lUtl 

:',.,1;(, 2'1 ;<,.111'\'lJ,~ti\l'nlJLiJafl 0.58 +- 0.12 ni'1J~El 

" , i'I~ ·"'ilt,;i\;~1"jfl'fll'i~YllJ1U.tiu1)lJ ~Ut.;'11"j'i0l1n1' 

i,' UJ\I!il111! ,)l1m V~-r\l1r:l!"'11tJYI'lnl.1v\J1J1n~\J ma 

,,-.,', Lrluti';'1 '1: ~tifl~lJ1fl~-1J ~1L \wlvh~·1)~"~\M(II~Yi 29 
, " 

!i "linl:1 \1 \11 II,j 'l' OJ 111tlr) uVi ~ ~ Lii!) ~ lJ' 'J'i 111 \Ii'! \fl1 
, " 

1'; \.J t,!{1' \ ljjtJ ~1J 1 C'U'!ll) 1!l ~ ijii l {lUIJ tit) fl l'l!lf. il~l!,n 
;) ::; ;y{i l ill !II II tit)1~ALU\llli1qAUil~tJA11 )J'5EI\I~-: Ijj un tI~ 

'. '1', '..Ii'';, -; f 1\1~ i'I)) iir.J" 'Ii,1'.1 L ~()~lJ~lJVlU1tId.~uj~.ni1 , 

,";; li1~ !:"111 \; LUflG'l \,jij uii p, 'l1lJ""">'Ili'lUtltJ UI1lJ 1.1 1 ill1J 

•\ . :C; tJ~ Vi ~Jf' i tl1 n T'il~nci Tlll~~11i 1 ~lIllJ L~m 0'lJ~lJOU 
nr',n i 'j ,Wii1'LJ8!.J ~'3Yhl'.1~~Hn'lfil'J1NtJ;l!1m'lHH 

Lde ~'i\'~\Ji1 m;l 29 iJAI1J1flLnil\.i1lJil'h,.nruA1Fll1tJ 

'vI1Jl11.\I'U)';1.I ~~~ -1r.J 1'1\1,1\1R11'l1111"'U1U.tiU'j1Wt)(l'Hdv 

r,,1Jh'U';h.nvl 29 ~r'lumJ R'Um~ili)~\.I~U ISD~lu8\1U~
" ~ ~ . 

:n~LfitJ'H1\J~D~LvnD'flu ?'Iltl-.ll;j!)~\.1 uuil!'IIull~ QlJ1uii 

tJo; 1 n {) I11lJ ~~ J ~ 111 "i LI-J 1 L Ii ~ \11 fl ~ 'tI tI 03 U11 u. n CI U 

lI~~:il'ii!JlJllDnl,,(ij ~\J~1~'1'Mfli' U.Clt LU\.ll."lu~ ~~ 
iOl~I~1J~~nli11L}jmil'Jnl'Htl1 \It1~L'i5D~\l~u~mh""1 
'1~tlii'lJl)F11ljl\i1uLoVj1:::~u~il~'j1l:t!liu.m:L\J'JlVll\Ji;j~u 
~~ l~ il 'LhJyh1,x~Vith1 nn~~'Hr,n1~'I!1 1j.Jl fl\1n ~l~ ~1 
()f1'Y)'lI N "lj~mA (2549) ~m;11il ~\.I',i11"!.J'Ii'11\tJlLRl 
-;nah ~ fluU1tJA1l!~~L~fltlU\lCl1 U1 CI U1~ L~lJ L"lii n 

C1Dn1'l!1I111'1LVlL~ulJl\Olil[lnl'!!ft L~m~lu,\1yhlv~bjFieltJ 
~11U.CI:::U~"'elj/lA~il~';lJRlnfi"'l'tlrH tl11l11 (2547) Vl 
mi1lilluuelfli'iLf'lfl61i'flii~~Clfl\hfl l~tI L",iinDllnlllllA 

"I 'Ill1'ILij U1Jl'11£JDfll'tllll ;~LuU'1l1vilh1f1 111.1'U111!el~Ldo 
tJ~ vl1tru,; l~tIhJ hHJlil:Yma11ihJ~ lJ1ru l"l1L 'IldhJtJl f1 
Ui:Ifl"l'!l~) )J1f1 

fl1jtl ~ ~ '5P'ltJll'1Qul\J1~ tJ1tLn1UmllJL\J u 
1~ ~~'l1lJ ~ \II'Hn \l tHUJ \H1"HIl n ~lf\yh n 11 iii n'd 1 

f! ru"lJ,j~ 1>11 ~ nltJll1n'UiHL.Qu;ilJii\lD~Y\u ll'111\lllJ 

li'~riVULt-l1~fI:::"l~,nf.l1~ru".t;!ij 1 ,300 fl~"1L'i1(1L~Va 

HlflCl1"ii.l103003 
lnJ.l il rn't:l~"~''''~2-5-J -1.~;~,,~.,~u~m~':"-",-'-U-,"~j-''~iI~u~'u-",-,,-,-,~,ur.· 

f,\J6\J, nl~~Yln"l' iYlm;i'H"'lYI'i!:\J"1, 


1-1~\Jv\ 1I1UO\JWll,\ 2552, L1nflul"',!MUlJoJ"~11ud1\-1~\H1'-' 


L'II'f1Uf'l npL'I1Y1'i: l'IInunl'ltJlli'<I~~" 


\Rm nlJrltI",h 2547, L'II,lumt f'lpL'I1Y1"1' ~\f'fHf'I'N 


IJ\-I1 jl'1l.niit!. 

11~~1l"i 61mlt;UU, 254 \ td'(l;;\MI'1UIl, f'l 1~l'l1n "l, 
lm~utJl'I,.d_ 

l'I)J"n~ 'Il l1lnlNU 2549 ~'II'liim' r11~mrt"l: lmiitltJ<'Il... i 

\J1'Wll',1Il,ll'jltJ11 ~iiu tI\J;m\!'H\~ 1J 1\\r~!J\H lif;1 I ;;, 

flT'i'tlA" tl\JI''l('lJCllJUiiYI1~rnlJn1 :'l'lJ il~ Dr'l'!t/.l', i'll-f. lJ , ­
ARM C2 Yi~1'rl\;'U~I11,ifEI ~;'Hmn1iltJh~ ~Yi li uLi; t;JflU 

I")nnU1\j~V'l1~n1tJll 'lY.Yll'tJfll11JU.u m') '1""~ ll~jl rl11J , 

"'\l1U.\lU 'J1 )!Lul::5 <a ~ f'l"j t \)1 'U 01'1' '11 (;1<:1 iltJt~iSf'l1" U. n I:­

LA ~!Hfj DLti'lJI~tnnU n\Jn1')V1~l~tJUU.vi ~VI~ 1'Itl~ L~Dti U~'U 
515V1lJ1""'0'1.11U e.li'\f'l1'll'1 01 ~lJUf1 ruCl11Wi 'Il1 ~ n 1 tI m'l'I'1)'1)'\- , 
~!"'tJ1vJQ\J1U ARM C2 "'lJ':i1 i! rl111JUii JUH',lim-J 1\ j)~ tJ 

3.23 .t 022 ii1nni')jJiti'i1l'n-h~Wiu.lC' AJl1r.-ru1lotiUrt, 

Lui'iU 0,84 ± 001 Ilf1J~il~nU1i'Irh"'\J~u.v'j iiii,!J11f'l~l. 

\l1n nt 'iLii UUf)ClH'l)J~Vll~ r'l1£Jfl l'~ ' ";Vi1 L Ui:,I?i ul3 \J a~ 
YlU1'~Qtl1\J ~iiflNi'llru"it'll~mUmYlL~lJl::: rll,J'Y '11"'1llil'u,ri 
lDtJi?\J~U~'iI,\1 \0 l\J~~" ~l'Ut.ll11J iho1u.nn\J~1.1t1"~ 
65 1l:::~i1d'j!J1JtJt!f'l\"t!~'hW1'l::: 22 0\J~1i!ntiIjHu!)i'I:; 

13 LutllYl1u!HDtJl'lt to u.m: ~\~lm'DVn~ 20 ii1'l11~J 
~il~U.H\-1"~1;,J1LiJfiV 3JJ5 ± 0 23 il1Clni'1J~i)\II1111 
L'!IU~U!\Jl' fl111J",lJ1U.UU'i1iJLlliilJ 0.87 ~ 0.07 nfl!&la 

~flU1I'!rlL"'lJ~UJ9n ~~Vl1titJ\J 0~Ulh~\Jl'j"lU~"'1J'UIH 

~O'tJ~lJillJ~>'I"~ 1 0 lu~\JlU~~\Jlliru,.iij!VlU1Y/QU1\J~lV 
LFI~fl-.lfl~ll!\lI "C1~n 1~vlilLuulhfv~1r1\1::' ~~'j~l'U~''UJ 
'tIv ~ L~v~\Jiluij~y\u1W\lUllJ~ 11Jl'j(1;1\J~tJ1~Vt D!y\U1y/ 

QlJ1'U1-l~~~ l\Jn lWJ''l~1lJTH1U11tfl-ff~1\11~ 

'nIilRn "i"i~tJ'j :: 01f1 

1!D'tJ C1V~ru"'11!11't11L 'tI':i liin~f'I ru:: L Yl fllUli'1 ti 
i! \II" 1 \1 n "i' lJ lJ \11 i VI fJ 1 ~£1'll ~ if!l W\! 1'1 ~ ~ 1'1" '1)) 

amUUi~tJu.fl:::YT\Ilj\l1)m1iVtfJlJU11'tlti!J~'Jfl~~A'j11J 

m"'n1':i"UlJa~U~1tJ6imlJmj1 yh1"'~1lJl;ltJ ct'1 ~~ ~ ~ci1 ~ 
hl~{,tJ~ 

~~ntinl L~ (j"f'I ' , 2552, ':l1"jI'l11lJfj'l1 U1"1'UIiu..,~ 

~YI~t\J'flU n\~\'I11'j"l : ih.jfl~l\JoJf((1'Jni::VI" ~ 

1..,tllfl1~9du.fI!:l"l'Il\Jl",u, 

iJ'tPMJ <'Iil~ tli'I 2543 ~f/lqi1umil.4nTIl"l[1t\m\JL'!I'li.im~ 
nl~\YYl "l l~l;;~1I1'1l,d 

Andrews AI 1957, Cef3mic test and calcuiat>an, New 

Vorl<: .Johfl Miltey and Sons. 

Sin~( F, Sonja 5 1963, Industrial ceramic. New York; 
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