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ABSTRACT 

The purpose of this research is to study the physical quality of insulating firebrick 

body before and after burning at 1300 Celsius Degree in oxidation atmosphere, and to 

experimental produce insulating firebricks by hydraulic press. The ingredients are from specific 

random from truncated prism with 36 samples. Main ingredients are rice ash, Aluminum Oxide, 

Surat Ball Clay, 10% ofBentonite for developing stickiness, 20% of fly ash to generate porosity. 

The results of the study were founded that the quality of the clay body that is appropriate for 

making the insulating firebricks is clay body formula 10 which comprises of 65% of rice husk 

ash, 22% of Aluminum Oxide, 13% of Surat Ball Clay, 10% of Bentonite, and 20% of fly ash. 

The clay body was formed by hydraulic press, and the shrinkage before burning was -2.25%, and 

after burning was 6.63%. Strength of the body before burning was 0.22 kg/cm
2

, and after burning 

was 3.45 kg/cm
2

• Density of the body was 0.87 g/cm
3 

in average. The color of the body was 

light grey and heat tolerance was at 1300 Celsius Degree under Oxidation atmosphere. As a 

result, the body clay formula 10 is the most appropriate for forming insulating firebricks by 

hydraulic press. 

Keywords : Insulating Firebricks Rice Husk Ash 
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1.2.2.2.4 f1111111u1uuul\lti~1iltiA'l.Ji:11..111n~1H1 

,, ,, 
1.2.2.2.5 ffl\16~1il0Aui:lu111'~1H1 

2. fll'jHaAOJ'YIU1~\l'l.J1'1.J 1Av1f1~1unltmrlu1~QA'U1u~~'jff1'1.JHff1J 

2.1 mniAL~60\l~'jff1'1.JHff1Jff111l'UHil~oi'Yl'l.J,~\l'U1'1.JtlA1~6mllntJA'jff1'1.JHff1J~ij 
QIQ • QI Q 4 QQI 

ff1J'U~'Yll~fllr.Jfll'W06'1.JUllZ11ll~LH1f2W11fJ1J 1,300 tl~ffWlfllLCJfr.Jff 'lJ'j'jr.JlfllfftltlOCJfLA'lf'l.J 1111J1Zff1J 

~t'{A 1Amtivmfiv~fl'UfJWff1JU~'Yll~fllr.Jfll'W~1'1.Jfl111JU~~m~11n~1Hl fl111J11'1.J1UU'l.JUll:ff 1\16~ 

OJ'Yl'U,~\l\.11'1.J ARM C2 

2.2 fll'j~'l.J1UOJ\l'l.J1'1.J'Yl'l.J ,~1rnfl1'j~'l.JlU~1tllfl~tl~flA 18 lmiln 1\1'1.JlAUHflA 3 

~'l.J/~'j.CJS1J. 1lfijl\l'l.J1A 1n~1fiv~fl'UVJ'Yl'U,~\l'l.J1'1.J ARM C2 

,, " 
1. fl1'jffOlllff1JU~'YIHmr.1mYtl\16~1iloAui:luo1'Ylu ,~ \l'l.J1'1.J 1Av1f1~1unllmrlu 

1AQA'U 1 'l.J \l~'jff1'1.JHff1J06'1.JLH1UllZ11tl~LH1f2W11 f.lij 1 ,300 tl~fflLCJfllL.r.Jff 'lJ'j'j VlfllfftltlOCULAoV'l.J 

t.11AQA'U~1f'lum'j'VJAll6~1~uri 

1.1.l L~lUOll'U 
... "" , ~ 

1.1.2 6Z~1JL'l.Jr.J1Jtltl0 CJSA 
... 0 ~ 

1.1.3 A'UAlf{'illllJ'i 

1.1.4 A'UL'UU1'Y11'1.J~ 
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,l Al.cf ..s QI ..,.... ,,,...... QI ~ A 
1.2 m1'tlu111'11'U'VlfH'l6.:a "11111.J'Vlfl'f'l'fl'UfJW 'f'l'1l'U9l'Vl1.:imvmvt '1111ifl116fl~1mm 6.:i 

tift,sf116an 

1.3 1N1'Vlfllrn.:i~1m9!1ufl''f'l''Vll.:!1A'Ul111!6'Ul1.:!~fJW11 fJij 1,300 6.:ifY1111JfatCHV'f'I' 

,, 
Q,IQ QI d. 

1.4 fl11'Vlfl'f'l'6'UfJW'f'l'1l'U~'Vl1.:ifl1tlfl1'Wfl.:!'l.J 

, ,l Al~ A QI , ""' 

1.4.1 'Vlfl'f'l'6'Ufl111l'f'l'111110 '1.Jfl11'tl'l.J111~1tllfll6.:!6fl 8f1Wl1fl ,, ,, 
1.4.2 'Vlfl'f'l'6'Ufl111111fl~1'tlfJ.:!1 u VAuilu tl6'U1N1Ua:::11 n.:a1N1 

d .r ... M' QI 

1.4.3 'VlflffVtJfl1111U'tl.:aU1.:a'tlV.:al'UVfl'U11'UflV'UlH11U'l:::11tHlH1 ,, ,, 
I 4 .tQ. !1 

1.4.4 'Vlfl'f'l'6'Ufl111ll'l'l.J1U'l.J'l.J'tl6.:!1'1.JfJfl'l.J11'1.J ,, ,, 
1.4.s 'Vlfl'f'l'{l'Ufl1111V1u i-W'tlv.:a1il6Auilu ,, ,, 

A • .Q .!1 
1.4.6 'Vlfl'f'l'f)'U'f'l''tl{l.:!l'l.J{lfl'Ull'U 

2. m1Nn9!VJV1ui-Wuu1u lflvlf1d'1unamrlu1'9!QA'Ulu\'(~1ri1uN'f'1'11 

2. 1 fl11 tlfllg6fl\'(91 Hh'l.J N'f'l'11 ffll'I i''LI Na91VJ'VI 'l.J i-wu u 1'Utlfllg {lfl'11fl\'(~1 ff1'U N'f'l'1l~ii 
Ql.Q ' QI Q .cl QQI 

fJtll'f'l'1l'U~'Vl1.:ifl1mn'WflfJ'UUl1:::11n.:itN1fJW11fJ11 1,300 6.:ifYllllJfnlllJftl'f'I' 'U1W1fl1fY{l{lflll)flfl'l1'U 

111111:::u11~qfl lflmYivmf1v.:an'LifJW'f'l'11mtV11.:amvmvt~1uf11111u~.:iu1.:i11n.:i1N1 f1111111u1uuu 

ua::: if 'tltl-3VJ'VIU,'riuu1u ARM C2 

2.2 fl11~'1.J1UVJ'Vl'U,Yl\l'l.J1'1.Jlrnm1~'UlU~1Vlfl~tl.:itlfl ,8fl16nfl 'tl'l.JlflUHVfl 300 

flfl./~1.11Jf11.1flvli\'ii't1'1.J1fl1fi1n'UVJ'Vl'U,Yl\l'l.J1'1.J ARM C2 

,, ,, 
1. Nam1 ivv i~t'(~1ri1uN'f'l'1l'tlV-31ilttA'Wiluv1V1u i-wu u 1u lflv l f 1d'1unnmrlu 

ff1'UH'f'l'11 

2. Hnm1ivvi~vJV1ui1"uu1u~lfu~1unnrnrluti1uHffll 

3. Nnm11 v t1'1:::1rlu ~m.i al u m1lf1d'1unamrlu 191QA'U l u m1 Nn~1•11ijm~d111 i' 'LI 

rro 1u t11 :::ntt'Um1 m.:i~1u1•11ijmfoa::: uo 1ut11::: ntt'Ufl11Nn91VJ'VIui1"u u 1u l u 1;f .:ivt1tli '11rfl ~ 
4. Nam1iiv'r11 li\'n1uuu1m.:i lum1 lft11::: lv'l1u'11md'1una'Ulunm1w:::~uiii i~1'1fu lf 

?I I ""' d Al ""' ""' ""' ~ ~ ,, 
l1J'Uff1'UN'f'l'1l'tltl.:!6J'Ul1tlfl111:::'f'l'1'U tlJfl'UllJfl1l'l.J91 l1J'U9l'U 

5. Nl1'31'1.J 1iv'f'l'111110U1 iutNVU'rtll 'U111'f'l'11'Vl1.:!1'111fl11,~ 
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,, ,, ,, 
ml1~vfli'~illff11tifn..1~1~11') 1ufl11l.lttmv'1~il 

,, . 
1. ;i1~1Uflil1J 't11Jlt.IO~ 1ff~;i1rluNil't'fil(lt.li~,1flm:::u1Ut11l1NlilJl.16ty 1Avlfuflil1J 

,, 
1rJu;fm't'fn~ nmm.1:::ff'll11uu~hua:::ihJ;mW'll6~cvnm~~ ,, ,, . 

2. f1Wff'11llil'Vl1~mum't'f'll6~1U6AUUU tt1.nuo~ flWff11llil~1~ "\ ;11.hlflfJNil,lflfll'i ,, ,, ,, ,, 
'VIA116~ i~uri fl11lJ'MA~1'll6~1U6AUilurim.J1N1Uil:::'Mn~1N1 fl11lJU~~UH'll6~lU6AUilun6UlN1 ,, ,, ,, ,, ,, ,, 
ua:::ttn~LNl fl11lJ'VIU ivl'll6'31U6~Uilu fl11lJ'MU1UUU'll6'3lU6~Uilu ff'll6'31U6~Uilu 

fl11lJff1lJ1H11um,~u1u~1vnmlvA 
QI ,,: ~ 'JI I .Q Q QI cf.d d .. _. 

2.1 fl11lJ'MAA1'll6'31U6AUilUfl6U.!N1 'MlJlt.lfH 'llU1A'll6'3NilAfltuart'VILaflil-3 m'lfl 

1~l.lmt.1ttn~'1flm'i\h i tJou 1 M'uM' -3~fltu't1 fJij 120 0'3ff11•a1;vff fiA1rluf ova::: 

QI .l ... ~ QI "" ... QI cfd d i 
2.2 fl11lJ'MA~1'll6'31U6AU1JU'Mil-31N1 't11Jlt.lfH 'llU1A'll6'3Nil~flWarl'Vllaflil-3 iJ,lfl 

1~l.lmvttn~m, 1N1fltu'" fJij 1,300 0'3ff11•m;v« fiA1rlu f tJva::: 
d .: ... JI I QI .Q I 

2.3 fl11lJ.!'ll-3UH'll6'31U6AUilUfl6U1N ua:::'Mil-3.!Nl 't11Jlt.l(l-3 fl11lJ'VIU'V11UA6Ul-3flA . ,, ,, 
;im:::filfl1J1U6ft'UU\J 't1U1t.11r!ufi1ani'l.l9i6AU1~1Glf\.1~1lJAl (kg I cm 

2 
) ,, ,, 

2.4 f111l.IY1u ivl'llo~1utJAuilu Mmvil~ f111l.lff1m,o l umlfl-31'l11AlJ'lltJ-3NaAtl'wcri' 
. 4 I A A 

1lJ6N1Uflll1NlflW\1 fJlJ 1,300 6'3ff11Glfil1Glft.lff ,, ,, ,, ,, 
2.5 fl11lJ\1\.!1UUU'lltl-31UtlAUilu \11Jlt.lfl~ lJ1a9ivtJ;l.ll~l'll6'3lU6AUiluttn-3NlU 

tlllLNl ij...,\l1mrlufli'l.l9iotiflu1ffn1•u~1lJAl (g/cm
3

) 

s .l ... ~ "" s .l ... ..l.1 , ,, d QI ... 

2.6 ·n'lltl-31\.!6A\.!1J'U \11Jlt.10'3 t1'll6~l\.!6A\.!'Vl1JllflfJ 'Ml'H'U fllt.l'Mil-3fll'i1NlflW'MfJlJ 

... 
1,300 6'3ff11Glfil1Glft.lff 

,I .11' .,.... QI "" ,I .I ""' QI ... , 

2.7 fl11lJffllJ1'iOfll'i'll'U11J'11t.111it11'i6A 't11Jlt.IO~ flll'llUlIJNil~fltuart At.I 

o• ,,l..,." , "'"'"( Ql,,l 1' 4 QI, "' 

Ulff1\.!NfflJ'lltl-31UtlAUilu lJ11'Vlil-3 UU1J1JTflJTf att:::ua:::6A'll'Ul'lh'l1mfl'i6'3tlA 8Al6ilfl 

3. 61'Vluivluu1u ARM c2 ttmvil~ 61Y1ui-Wuu1wtiiiAm1~jj~tJ'Vl1'3fll'i~111 
"ARM C2" ffllJ1'iO'VIUfl11lJf6ui~il~ 1,400 tl~ffl.!Glril.!;t.lff 1fd1ttl1Jfff1'31A11N11Glf'iliimf 



' ""' Uflfl 2 

' ' .... .., ""' ""' 91 
ltlfUY11H1':~1'Ul.,tlfllfltll,,tl~ 

m-:iii'm~v~ "mni~hl1VJ'Vlhl 1-nu hi 1hl ~imo 1uflll'U " f1i'v1~11~mt1'LI1hlm':iffmfl 
"' 'JI QQI ' QI a. 

'llil\ji'l~1fl1ilflff1':iUi'l:~1hl1~f.1~1~61A~hl 

1. f11111f..t11tl1~v1tim0'1ufln'U 
2. f11111{..t11tl1~v1ti'UnJ'Vl'\..\ 1-n 

3. fl1111f..t1 Ltll~f.11ti'Ulfl~il~tlhl~hllFfl 
A "' 

3.1 fl1111'11111tl'llil~lfl':iil~Uhl~hllN1 
. ' "' 

3.2 1~Q~'U'fi1'*°ti1lfl~il~U'\..\~hllN1 
"' "' 3.3 iuv~hlilhl 

3.4 fl1':i'H1ff1h1Nff1l'llil~1~Q~'U 
.r ti ... "' .. 

3.5 fl1':i'llhll Ni'l~tlWCVI 

4. 1~11N1Ui'l:fl1':ilN1 

' 4 .. QI .Q 

5. lfl':iil~1Jil1AfJW'HfJ11 

6. fl1':i'V1Affil'U1ff~ 
' ' QQI 4 d. 'JI 

7. ~1hl1~f.l'Vllfltl1'1Jil~ 

1l1utlatJ ( filci<_JJMlL) 

,..,~~':i ~~m1~ir. (2537: 154) flrl111110'1ufli'!'U"tl~111w'llt1~iamvd"l~'H1mh1tl1'* 
- - . -

'ti11flnt1'U 1Amhi~1flnt1'U~:'Vlhl1-n1fihl 1 t111i'Hi'lt111i'!:n1v~~uh1'Ji1~i1hl'lf11fU~hl t~-u v111 '*;i10'1 

, ... .. ... ....... ... .... .. ... ,! ~ 
~ 1f1Ufli'l'U hi "J~':i lfl i'lil'UU 'Vlhl fl1il'Vl11Jf'H ':i il11Jfftfl1 ~1fllfl1J Ni'l1lfl':i 1: 'H'Vl 1~lfl1J'IJ il~'llltl 1Ufli'l'U 

tl':i:flil'U~1f.I Si02 96.00% ,Alp3 1.00 % ' Fep 0.04 % ,Cao 0.48 %, MgO 0.22 %, :KiO 0.90 %, 

N~O 0.26 %, Pp5 0.02 %, MnO 0.19 % 
' "' ' 

1Jqji'flll fl1qj~hl1':i1W'lfV. (2552 : 1) flrl1111 lAV'ri11tl;i1"'1;l'Hn~mnt1~1flfl1':ilN11ff~ 

11i1 'Ji~ ~~U1ffhl 1 ~ufl vm1hl101ufln'U 1Yn1:ll'fl1'Vlt11ff1ff~i'vt'U-l1 1h1101ufln'Uijiiim (Silica, 
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, _J! ?I QI .. , O 4 4 t ?I QI Q ..;, 'JI QI ,_'ii! t/ • I 

4. 'JJl1Jt.11~QA1J 'Ufl1'I'Y11ffLflt\01J'Yl~llJ'U1~QA1J'YI 11 Si02 un::v~ 11f11'I1JO'Ul'WO'J11t.l 

, ,, ... ..; ,, "'"' ~ ...... ..; .K 
11lfltl01J'YI~ O~fll'I lN1U 1J1J 'I Afl'Jf'U 1lff'Ylff1t.1~111'\l'U 

II ' 

5. Uflnmrlt.1ffl'I~~~t.1d111i'1Jfl1'l'Nft~l11Jf'Iliiflfilf'ri11'ff92.UA\) l,ft.1 SiC, Si3N4 

..... ,,,?! t ,, , "' " ..6 5't "' ..; "' "' 
6. llJftlfl1'1l1flUfltl1J 'JfllJ'Uffl'I~~~'U 'Ufl1'Iff,3lfl'I1::11 Mullite 11Jf~l1Jt.11ff92'Ylff1flty'Yl1~1fft>J 

'Ylt.t 1f4 lt.tfl1'l'Nft~UN'U'IO~lN1(Kiln furniture) , ~1'IO~d111i'111~'ll'I6mfl l'Yl'l'Ufl (Substrate) 1.Jnofl 

Thermo Couple, Ceramic Roller 

7. •am 'll1flUflt\1JV~ff1111'I (lU 1111lN1AO~~ w 11tJ ii~ ~Li4miJgt.11..1 l m ~n!1~Lrlt.1 
Cristobalite lAt.1lf~w11tJ"1t.1fl1'Il1.Jgt.11..1 lm~tY!1~•1floffWJ1t.t1iJLi11..111.JNafl'\IO~ Cristobalite ~ 
~W111Jii~1fl11fl1'Il1.Jgt.1t.1 Phase '\10~ Cristobalite 'll1fl Quartz 

8. •nfl1'1l1flUflt\1Jff1111'I(lU11iJff'~lfl'I1::1i'Lrlu111~·ftflO'Ul~Olr!'Ui~qA1Jlt.1m'l'Nft~ 
uN~ 111Jfn1LllJfad111i'11Na~m::un1vHh'll1mm~01ii~ti' 

II II 

9. ~~ff111m 'I11Nft~6JU1J1J'J111U'1t.t lfuflt\1JAmrl1..1L;fmcwn~, 'Ufl1'IlN16J 'UOfl'll1flU1t.t 

il•~,ju 1'I~~11..1Nn~~1..1CJiL111..1~m~1'I~11llf Uflnmrl1..1L4oL'Wft~fl11J~1 iJti11ri11..1'11..1Lif onA%;nm 

lu~~'In~ 1At.1'11AL'Jft.1'11v,J;111w•nm~1~•1fluflami'1..1m~ 
uofl'll1fl~~m11m'I11LllJf11iiflut\'1;am'll1nummV'~m11un lf'YIAuY1uoinm~111u1n 

u11rl~Ld~11111'I'I1l'J11~11llu~~ff111m'I11cwn1ff~fl. t.11~ un: lcwaL110! lAmrl1..1n1'l'Lfi11fl1111 

U~~uHlfL~11n~lt.1'W1fl'll1'Ifl, ff, 11lJfl un::lfl!o~d101~ l\40,J1m-ti11f1111111UA lfL~11lt.1t.11if-Wt.1 
• ?I QI c:I ,JI I ..; 'JI 4 ,.J!_ 1 l t/ 5i1 I 4 .ti 

l'WOllJ'Uff1'I'\IA\)'ll::l11'U ~11Uflt\1J'Yll'I1110~'\1111111~t\OA 11'rn 'JJU'l': tJ')f'UllJ'UUfll'Wt.1~ ... t.I un: 

l 'Ol'Wft~J 'U 'll; ~'1ut\'1Uflt\1JijfJWfi11llflfl11J 'U 111flU fl ~~, 'U 1.J'I::l 'Ylft'ln~ij-iu ~1.JUfl~11od 
11111ft'1n L'I1;i~ijufln11111 l f Lrlu1~q~1J~'ll:u ,Jn~ lll'Lrlt.tL~t.t 11lov1~111fl111v 

QI t/4 I I QI Ai: Q'JI I 

mnm1W l'llt.l'Ilfl'I(2552 : 1-2) flt\1111 1ffi>Jl11tlO'Ylnlflfl'I::1J1'Ufll'l'Ntl~'\111l'UU~tl: 
II l , :: 4'J/ 4 4 4 ?I "' 4 .: .,. 
.Ut.t~tl'U At.llU'Wl: 'U'\l\J~O\J'\IO~fll'Iff'\111L1.Jnofl 11Jf~•:11Ufltl1Jl1Jt.11ff~l11t\O'YI~ 11..1iJ1111w 

, II II 

tio1..1~1~111muiivl1..1uAn:il'll:ijiJ;111wuflnm11aoii~il~iln:fl11 7 tl'11..1~1..1 ufln1J 1n92maoii~ 

Vlflfl'I:1J1Ufl1'Iff~l1L1.Jaoflif t.t u11111111~tYJ1~iJty111llffi11fi~fl1lUtl:~~ll1Atl'o1.n..nfl mH1v: 

, JI• ..; 0 ,_ 1,-'!_ 1 1 "'1 JI • ' .l .. 4 "' o' "' 
~1lfl111l'Wt.11t.111l'Yl'll::t.t1Uflt\1J u 'JJU'l':: '1'111..1 \J9>11'Utl\J") l'JfU l'J10l'Wtl~'J11111tl 01111'l'ff~1 1ff92 

iJi'11iJ1 ~~'U 1iY92l"Wl:fln'11i1 UAV~i'iUflt\1Jtlflf lt.11t.1111fl~~tl~Ul 1iJfi1i'A ~~il'll~,ju, rn;:i~flt\1J 
4 0 ,_'!!!... :: : "' ! .... .. """ ,JI~ " ll)f~'Yl1 11mAilty11111nm1:'Yl~'Yll~'UlUt\Z01fllft' A~'U'U 'Ufl1'Ylt.11ft'lff~'I'll~ 9'lftfl1:110~fliJ1:fl01J 

ua: lm~iY!1~.,,o~ufln11 cw1111unn11i'i•amLrl1..1o~fl'iJ1:flo11il~ 300/o un:n11111nn0Aoofl111 

Li4ou,, ,Jl f 'YIAU 'YI 'U •nfll'Yl1~fl1'j ~,, 11 'lllflO~flfl1111f d'u Ofl'll1fl'll::nAiJ;111WUflt\1J~lrlt.11iY92 
II ' 

maoii~utl'1 V~lrlt.tm'l'loW111Jtlfl1 lll'ti1JUflt\1JOflll1'1 l'W'Il:il'fl1'Yl'11ft'1ff~fl~u1•am'll1flUflt\1J 
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O!AUVIU ifl (Fire Clay Brick) 1rlu61~Yl1~nflAUVIU ifl iirn.1lfY11&9'11Ffl lu 1 H~1u 

t29'ff111 m 'l1.1-ri'11 t.11,Su fl9'ff111 m 'S1Jc;l1J 'U~ OJVl'U, flyii Ad'iifltutll'Vt~ H'l nu mnv'J1ii A~U tlQOtJ 

m1l f {11u 1'n~~u11.111 .f'ti161'nu ifl thu l11qilfAu'nu 11' ~{jfl{!At.l'l:::nou11a11,,o~Au'nu 11' 

.. ... , " • 1 ·1~ "' ... .. ..:. ... ... .l ... ... 1-··"" ~ .. tltl lf11fl'U 'U'n lfltltJ 1J ttNff1J191QAtJ6\Jlft1Jl911J 'U6tlV1tlf\Ul'lftl Nfl91V1tlftU'nU n'nlN1Un1l'Vttl 

"' ' , ... .'.I! ... ,~ ., d .l , !1 QI ... ... ... ,...... QI 

flf\fl1'S11Afl1 'J11V 'Uf11lfmllN ua:::&Nltl! ttt'{fl9'1ll1,,\,I 'U11t,tJ'Uf11'SNll9lfl!A'U'n\,I n'UV1Jtlf\ 

A'1t1Au~u~iiti111.14"" A'1mti~f){ltJA 1sA'Soan~iifi1a{loflq{j 
OJ'n\.11flfl:::Qij\.11q{I (High Alumina Brick) 1rlu61'nuifl~jj t>:::uiju1un:::c;am 1rlu 

".I "' .,. ' .I ,. I "" , • .I ... .. , •• I ! ' 1 tl{lt111l:::fltltJUll:::1Jfl:::Q1J'U11J1flfl11 45 %,,\.I 1J fl!'n'U TI6ZQ1JU1\1{1VZ1Jt1111J'n'U TI9'~U9' fl'U 

.l ,_, .. ..._. ... .I 1-' .. 1-.1 ... ..., ' 
35 ,,u 11 11'ltlf2W111J1.111'S:::1.11w 1, 780 fl~fl'110J1iuoimn ,,\.I 1J fl!VIU nfl:::\11.1\.11q~1.1 tlHft'n{I 

,,tH Corumdum ua:::,j'n 1a'1~1rlu1t.lu~1.1t.l1:::11tltJtldA'1r.1 ;{ljjt1111.1V1uV11U~tlm1lf{l1Uil jj 

, • .I ,~ .... ... - ' ~ ., ' ... ' ·' J! ..1 .. t1111J'n'U nmv ~t2W11fJ1Jt{{J 1.lfJWa'1.ltJ919'tl~1\Jfl1'StlAtl'Stl'U ua:::1Jfl1fl1'Su1fl111J'rn\.IVIA&111.11::: 

d111i'um1lf{l1ul\.ltltu111Jij\1{1 V!Vl\.11rlfl:::\lij""1q{lilr.11.1'1h1t.llf'ti1 fi1uvt{I 11a{lti1 ua:::ri1u 

• 1 ""i ,... t d 4 • I .: QI Q o , • • ,2. I J! , t 
tl'U'l,,tl~ l9'11N1 l91111fltl1J ll11:::VI 1J1JU'Sl11llf1111tl1J'U 'Utlflt1fl\.IV~'UrJ1J'U1 1J "1Jfltlth1{1 'Uft1\J 

,,tl{ltJ;L1Wt1111.l!tlU\1{1,,tl~l9'1lN1WAg'U'l 

61vtu 1 fllti11.1( Chrome) 1rlu6J'n\.I ifl~lf tiu1:::1111{1V!'n'IJ 11't.l1:::1J1'nmAua:::v1vtu 

, • .I.I ' A .SI "' , ,, "-l .I""- QI ' ,,,QI d A !1 "' ,!,.. 
TI1J'S:::IJ1VIA1~l'Vt61Jtl{lfl\J 1J 11ll11JQflW1fl'U 1'11\J 'J1fltJ&9'111lltl1Jl'Hflfl un:::fl'U'l 1J111tJ\.l\.ltl! 

'nU ifll ti11.1iijfiflviir.11.11f n\.lm~'1 11:::iiv11lf611 ti111u1.1nil1•vuvt\.I 1don1n116J'nU 11'lm1.1 iij 

ft11.111 fl Vl\,I 'n1'U~tlf11'Sl t.lgvuu t.la{J,,tl{lfltll 111.J ni ~ ua:::jjt1111J~1'U '11\.1 ~6U'S ~fl ft~ fltll 11 IJjj\l ~, ~ 
,, ' ... ' ... ... ,_ .. _, .:. ... "' J! ,~' ~ .. 

UfJV un:::1flt)f)\,lf)fltltl1{111\,l{l,,f){jf)!Vl'U n1J1ZlflVl'IJt16 t:::lf1Afl1'S,,rJ1V9'1 ua:::U9'fl111 9'l{i1tlfl11J 

" N~111gmf 11 t11mu66! 

VJVIU iflu1.111il1c;v (Magnesia Brick) 1rlui>J'n\.I iflt.11:::1J1V1fi1~l'HUfl'UfltJV!Vl'U ifl 

1 1 , o' .. ... I 1 ..I .f.1 4 ,~... ... • I .r... o , •• ,2."' 
A a 1.l'n 0J1{11.lt1111.1'n\.IV11\.19'fl a11:::'n11ao1.1 ,, a11:::un:::tl\.l'l ttA tl!111:::111'n\.l\.lt11.1u1 1J 'll'fltJ 

191111ao1.1111gn tlJflU 11'mmil10iv ri1\.1Nft1.111afl 1fu1.1nil10ivfla{lmfli' (Magnosia Clinker) 

d11~11~i~1.11t1ml 1VIZU'I 11!61~1.11111flU1JflU10JfYl 1J'S'S1J'lf19' 

OJ'n\.11rllm1.1u1.1flil10iv(Chrome-Magnesia Brick) Yi1v1fl1flQAtJ'Vt1fl lmi1.1Yi' ua::: 

... ... ... " ... ... .1 QI " 4 Jiii! I ... , ... , ... , •• I 
U1Jfl\.ll0Jftlflfl{jlflf)'j fl!'lf'l.IA\.l'Vt9'.IU1,,\,11J1l'VttlUn ,,,,flf)tlWIJf){Jf)JVl'l.I n tl'S1J ua:::tlJVl\.I TI 

... ... - ... 1 ...... " IQI "' ' 'I' , " ...... &L1Jfl'l.llOJfrJ fJOlff1JtJ9',,fl{ltlJ fl'S1JU1Jfl'l.ILOJfV,,'l.ltlgfltJtl9''S1ft1'1.1Nft1J'Utl~ 'fl1 1JVIUfl:::U1Jfl'l.ILOJfV 

" fla{llfltll 1,Su /(1jj891nff1\.INa'1JllJtl{JU1JflUl.V1.11flt:::jjfi1f1111J'n\.l ,"fl1V1itt,.Hil'nq{I fll';i 

11Jt11t1~1q {11rl0Qflfl111.1! tl\.I ua:::i1\.lvt1\.l~tl~ i a11::: 1 t\'il 
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,, 
flJU'U1\J\'l\J 1-vJ (Insulating Brick) VJ1'U1'H;tlVJfl'U 1vJuu1u 1~illll'U1'11fUUtJA\Jq~1 

Nn11-uv.:i611l4v 1rlu~W'HtJiiq.:i -.h1M'1fiA1.h:: lt1'tfU'Hmt1vth.:ilum1nf 1.:i1~11N1 tiv qi\ltifo 

"' Q , 'JI ~ ... QI <I ,~ d .l Q .ct QI I ,~ 
1'1ftl1'YUN \Jfl111N1\Jtltl1N ff11111'11uA1~11tJ1N1'1~flWCVltltlfl 91111-U\J tlJ111'Ytl'Uff11111U~AU~-3 "1 . ,, 
~1v 'rl\J ~vm11tlfivumfo.:i~w'" tJii od1.:i1iivuvtnu 1~fin116J9luu~ii;i'o1itvti oi'ml 1'H ir nu 1 .:in A ,, 
12.i1~ 1,jfl\J\'11\J~tlUHm::u\'lfl'H;tlifA;jA flj\'l\J 1'VJ'JfUAihi1'11flA\J-U111fl1ft\J 'H;tJA\J-U11 

u;qfli~ii1tlv!1~u~-uv.:io::\'liiu1vg1::M11.:i 37-39 % uon'11nAu-u11u1"1v.:inAuA1 1m::i1Svv 

I .ct , .: ... .. ,,,... QI"' 1.1 'Jl.d~ QI 

1tJ\J1'1::LtJVANff11 \J1\JtJA\J 1'Yttl 'HlflAfl1111'Ytl\J~1'H1'1-31N1 1'Ytl'U1'H1'11'U'ti1'H'U1\'111J\JU\J1\Jfl\J 

1,j1 M'fl1111f vumv 1 u1~11fnm::'11vvvn hl~111NU'.:i1~11N1~~1uuvn 1 u-uw::~1N1 '111 M'1h::'HVA 

14mvtii.:i titun11-u;-uv.:i611tlgvuutl?1.:i1tl~1111~QA1J~1cJNii~1m::~w'HfJiilum11N1 61~1N1 
... QI .ct I 0 'J! ,,;,. .l ~ ... 'JI 

~W'HtJ11q.:i'1::'H\Jmm::11fl1fl1'j\J1fl1111ltl\J1'Yt11-U\J fl111111J\JU\J1\J-UtJ-3tlj'1::1'1A\JtlV1'1-3 

nit:iA\JOjU\J1\JJl'U,'VJ OJU'U1U1f1~QA1JA\J'U111J1itfli ...,;tlA\J'U111fl1ft\J~jjtl::uii 
u1q.:i 37-39 % iifi1fl1111'rlu1'VJ 1,770 v.:iff11•?11iiUvn Aumilv1~1ffl11iifl1111u1qJJi iiR1.:i . ,, ,, 
'"; viiu~u ~,'\l vmm::nv::\'liiu 1q .:i 1~uAuilnfi1fl1111\'lu 1 vJq .:i1'1iu1~v1ilu u vmnnilv.:inAu1;'iv 

1N1u1"1 1AVfl111N1A\J-U111'U~W'HtJiiq.:i 1,250 tJ-3ff11'lf1'11GUVff 1J\Jtm::;tJ\J1~\J1~A1'1::18vAN1\J 
.! A I , ,,,: d 

~::UflH-U\J1A 40 111'1f 111'1::'U11'1tlV1tJ\J1tJ11ff'lrJ 11'11\J11'1fl'ltltlfl 

911vv1.:iq~1 ff1\J Nff110JU\J1\J \'l\J 1'VJ'UtJ-31!(\JVillll'U11fl ~ tl-31flflt)1J"1 '1. ~1tl1-31N1~ 
~W'HtJii 1,300 tl-3ff11'lf1'11oUtlff 1J1W1fl1fftltJflcitAi'U (OF) 

40-50 % 

... " " A\J 1Jtl1'11fl ?IV( tl11'lrJ {11) 25-30 % 
,.f A I 

'U11'1tltl1tl\J 15-20 % 

. 
i1vd1.:iuu1u lH.:i1u\;1'1f'lrJl~~ff1'Hm111 '1.~1tl1.:i 1N1il~W'HtJij 1,280 v.:iff!JL'lfmiiUvn 

1J71V1fl1fftlt:iflcitAi'U (OF) 

... 
40 % tJ::Q11\J1N-3 

11v{l!1 HM.43 50 % 

Aumnv.:it:i::\'liiu1q.:iflu 1-vJ 10 % 

,,;,. .!A 1"· I 1" (1'Yt11'U11'1tJV 11U1U11tJ\J1tJ11ff'lrJ 11tltlfl 10 % 
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,I _ 1... , • .I , 91 , 91 "' ~ <!I 4 ~ .., 
fl1'J'\l'UlIJflJU'U1'1.n'l'U TI 'lfU1.J'U 1J flfl~'ltJllfl'Yllt::nfl\J fl'l'J'Ylflfffl'Ufl'llll'Ylflfl'l'\lfl-3 

1d'v61rlvu'ti1uuu.W11..1~1v1>1 tl!'l'Jflllvu'll::~v-3ii1llfl'JJl'Umvmi-3mwn'\lu1fl 9" x 4 w· x 2 
<!I ,I .I... 2 4 "' , ..,. .,; .I"' o "' "' ,2 Yz" 'Yl'Jfl 9" x 4 W' x 3" fl1'J'\l'UlIJfl!U'U'l'U~1tJlfl'Jf)-3f)fl l!Jfl'Jf)ltfl 'Ylff11Jl'JflIJ'j''lJfl1lt-3UHfJA ~ 

'll: 1~61~iifJWfll't'fA 
fll'JLFfltl! HaflflWctl10)f'Jliimf'rJfl'lfUA~1rl'UHaflflWcrl'\l'Ulfl 1'Ylqj 'Yllfl~'UlU~'lmd'vA'U 

.,{.,. '"" ' ,I ,.I ~ Y. ... d • ., ~ Y. ... , 'YllJ'\l'UlA'Yl'Ullfl'Ufl'll 1 " '\l'U IJ 'll::~fl-31Hl"lll fl1'J1HlflJfll'lf'Ufl'U'll::~fl-31Hl"lll'l l'W'Jl::flJUfltl:: 

" llvuiifl111J'Yl'U11n'U 3" flf)'Ufl1'J1Hl ll1LH11~1~1'Ul'UOJ'll::1ih1n tlJ1UfJUU'U (Solid Brick) 
... ,~ Q I ... .,;Q .l .. .l I , 91 QI , , I ... 

ffllll'HUHl"!flfl'l ~111fl'llfl!'Ylll1'Ufl'Wl'U flJ1'UfJU'U'Uff11Jl'Jt:l1Hl A"!flfl'l u1::v::na1 lllfl'U 72 
I I I I jl fl 

i1 l11-3 u~61uu1uViii1,,1um'll'll::~v-31H1u1uo-3 144 i1 l11-3 1ilv-3'll1n1,,1u lu1ilv61a-i1Ailu 
" . 

1"'11l'fl1111fvu1~11un-31ilv 1u611~~1v fJWmJiiVilf1H1u1::mw 1,300 V-3ff110)fa10iva- 1u 
" . " 'U'J'JtJlfl1fffll'J1Hlft'UfllUffll1J1tUfltlflfl9'-3U~1;1J~'U'll'Uff'U"!Afll'J1Hl 

mAl n11..1'\111iti1,(2539 : 489-490) nn11-:i1 1flQ'Yl'U 1~1ua-ii'mt'Jfl'l 1f Sand Stone 

'Yl1V Mica Schist 1u1flluth1iJ'i1-3UTI-31't'lgfl ~f)lJ11~1Jiim11fA'U'n'U,~Ha"6J'n'U1~~'3U'U11 

1rlum11~1lfJflffl't'lm111vv1-3u-ll'll;-3 
1"Q'n'U1~~1flu-31\J'Y1Ufl (Heavy Refractories) 1~url611iJ'i1-3U'U'U~l-3'1 lfd1't'li''U 

fll'Jtlflfffl-31~1 iifl111J'Wl'U9'1'J::'Yl11'3 10 tl-3 25 % )j1A'Yltlfl1J9'1\1~fl11 1,400 fHffllGJJltloUtJff 
". 

1flQ'n'U 1~nq11ilniifl1111d1tity 1~url 1fffJ'n'U 1~'lfUAA'U'n'U 1n (Fire Clay) 'lfiiAii1iJv11~u~ 

v::tlii'Ul\1~ (High Alumina) 'lfUfl;am(Silica) ua::'lfiifl~iifJWffllu9'1rlu~1~(Basic) 
" Fire Clay Brick OJ'lfUflilHafl lflvlfri1uHff111::'t'l-:i1-3Aumilv1'nu 1n ua::Au 

~ii'tiau~1rluri1u1h::nvutt-3 'Yllfl 1fAumilvTnu1nHa-11iluAu'nu i-n~ 1~1H1111u-«1 (Grog) 61 

" " 'n'U 1 nnq11iliiiJ1::mw 1 o Y'UfJWfll'W uu-3fllllfJWff11lliim1't'lav119'1'Yl1vfl1111a-1m10 lum1 
. " 

'n\J,~Utl::fJW'YlfJii'rilflum1HaflOJ'lfUAU'U'l 
" High Alumina Brick flJflqllu'll::)jfl::\lii'Ul'J::'Yl11~ 50 O~ 99 % 'ti111ffiJii1fl 

" ' 'YltlfJ1J9'1\1 '3 n1101A\J'n'U i-n 61nq11il;-3ffl1Jl':ifl, fl 'Ulfll"'.i '31flnfJW 'YI tJii\1-3 Ha"'lllfl1"QA'U 

'W1fl Diaspore 'Yllfl Bauxite 1imrna911<tiu1At11tium1HaA6J'nU1n"Viiflmn u~m11H1611H1 
' Q "°' I 

flfJW'YI fJ1l\1'3fl11 
" Silica Brick 61nq11ilHa~'lllfl Ganister Rock Hfflltl'U 2% 0-3 3% ~'U'\111 fll'.i 

1H161~v-3'ti1f1'1ii'mH1lu1f111rluflf '3m11 lfiJ1:: lv'lfun1'Yli'urlva-!1'31fl1Ha~rl1u lfimrn::a-!1'3 

't'la'3f111~1 
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,, 
Basic Brick 1f\'urlfltj1l MgC03 , MgC03- Cr20 3 , MgO tn'llNa9l~nmhn:::m 

MgC03 tdo1N1'1l:::1f\' MgO + co2 co2 'll:::mnmi'hmfl'iYooflhl 1imrna91mm1;lv1tium7 

Nii9lilJtu1 U~fl171Nl'll:l:1Nl~f2W'HfJ" 1,400 fl'3fY11'1fi'U.tlff lf1h::: it1'tl'ulu1~lmJ'3 ia'H:l:'Yl\.lfl17 
,, 

tiP1fliouiuo'3:Unq'3i~ ,, . 
61uu1u'Vlu i-n (Insulating Firebrick) VJ'VIU in'ti'UPIUNa9l'lllfl~U'VIU infiiifl1l1l'n1U 

I ,, I Ji' I 

~11l'3 ~uiu11 ~ufiiio:::-anu11l'3 1'n1U iP1t1m7NiYu:U1not1a'3lmhuNff1l 11a'3'll1mN1il1 :U1aot1'll::: ,, ,, 
\}fl'Utflflf)fl lUmao1Tt1u11 ilJ'ti'UPIUiiu7::: it1'ti'U'HaltlU7:l:fl17 ~'3U 

1 . 1h 1if19111N1ii NU '3l9111Jl'3 a'3 i P1t1iim7iJt\Jlfft1Tta'3fl11uf ou 1-ri1tim9l1ffirvrloucb'3 

" 1" "' ' ~0'3 'ti'N\.1'319ll'H\.llfl11 

2. 1h 1 if NU'3l9llfl1lfl111lf OU lf\'~ot1a'3 ff11J17ntN1 lf\'1~1~u 
01" " ,l ... " 3. 'Vil 'Hl9ll~fl'3fl171'ti'Ol'nlt'3\.lfltllt'3 

I .l.J1 1! .. Cll 

4. 'ti'1tlltfl'n\.l'Vlflflffll'3l9ll 1\.lfl'3'1llflN\.1'3l9111Jl'3lt'31Jlfl 

~wwi'91u lii'ti'tyl'n\la6,(2538 : 193) mh1i1 61'Vluin~lfd111i'um7tN1~wmJnq'31 
,, 

.cl o QI I 0 1 " d 1! , ..... 'Vil 'Hl9111Nllfl1Jfl111J1fl\.I 1JPI 'll:l:1J\.ll'H\.lfl1JlflUlt:l:U\.l\.I 

,:.., .... ,J, " •dclt/cl4 .... d l" "" 
\.lflfl'lllfl\.ltl'31J'ilfll'Vlflfl\.l'Ul'3\T'3 U9lfl1J'Uflflflfl l9111Jfl111JU'U'3U7 '3Ult:l:tllfJflU 'ti''31\.ltl11\.11\.I 'll'3 ,, ,, 
iivll 1f61 'tl'u P1u1i1u ti1uTt'3tnt11 u19111N1 u ofl 'lllflU if '31 f ti1u ti1uTt'3mt11uiuo'319l11fla ou milo 

~ .. cl I , 4 4 d ... ,: J! dl_?."' 
ua:::19ll'nu l\.lfl'3'1llfl1lfl111Jfl'3'Yl\.19lfl 07:::mviuo'3maoua:::1flaou'Vllflfl'lllfl'Ultl1 l9111Nl'VI 'llflJ'YIU 

, _.. ... ,: Ell QI 1-'! 1 .. "' ... " 'J! 1 " .I n'ti'\.IPl\.lllJ\.IN\.1'3l9ll'll::: 'JJl1ttl Ufl171Nl\.11\.I 1uon1fl9110J'll:l:~fl'3ff:l:ff1lfl111J10u 'Htl'3'UU 

l'tiUlAtl1fl1JNa9ltlW<l'f~\lfllNlflltl1Ul9lllN1~1tl ~fl1Jll~iifl17UltlJUU1\.lfl111lfou~iifl111J'n1\.I 
i1iJ'3 11l'o1;vfltiu iflv.,i'1 i1111il1'Ylu1nm111~oili inll uv1Ju1mlf1i1uNu'3ua:::11a'3m191111l'o 

1f1i1uuu1uT1111lfouliftiuil1'Vluin'ti'uP111ufl~l~ ua:::i1hh1i1u9"0'3liffl111Jfouurl19!11J1ml'i1 

tlJ'YIU in'ti'UPl'HUfl 1do'3'1llfltlJiifl111l'n1\.1~1iJ'3 n'f ov1iifl111J 1 tJ1 '3 fl17~AUU'3VJXl'h ,~ 
i I ,l ... I , t/.. QI ,J! Cll 4 1_?... d d 

Plt1'3lt1 l'nn:::1uoo1oou ff11l170 'ti'Laflt19lfl '1ff:l:A1fl fl1791Afl17Laflfl 'JJLaflt1'Ylffl1Jl'lntUat1u 

, .. ,J! .. ,_?... Cll ... i-•1 .Q t/ cl "'"'1- 1 I QI I '1 ,l ... 
maotl " l\.lfl'3'1llflfl17 'JJlltfltlfl1JOJ'YIU n11Jl0'3U1J'll:l:1ltJWff1J1J9l 1J7'311Jl9l~Hltl U9l Atll\.lflfl! 

J!cl .. _. ... """' d 0,,, .. ~ ,1! 
UTI11Jfl'3flu7:l:flfl1J'Ufl'3ffl7fl:l:t11J\.ll'il'3 M1Jf1111JU'U'3'nfl'll:l:'Vll 'Hlf\6tlnflUlt:l:'H1JAfl111Jfl1Jlt'3 ti 

,, ,, .. 
VJ'YIU, niiiuu lPIUa::: 1tJ i 1'3'HltltlU1J1J'H a ltl'U\.I lflli'3Ul'n OU 11Jl 1ffff1'3ft1\.I ~1'311) 'UfJ'319lllN1,"' 

oti1'3ii'u fl'3U ~'3m '3 i P1t1iii~11i1u9"0'3mfft1~u Ui11J u ~111ui1~01~ou 
1n1la i'fllf1'3ff, (2531 :143-144) mh111 61uu1uf1111lfflu'll:::'ri1u1'1l1n1'9lQ~1J~lf'ri1 

il1'Vluinua:::1'9lQ~1J~'YIUT1111lffluu~'ll:::9"tH'ri1lifiifl111lTt1u~1 ll1111flfldlu1tJiuo'3ilJ'll::: 
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. ~ 

ff1JNfl'fl111Jf en.11'"t;tA1rn1fd111i"1ni16J4tl'URil1~url A'l.l'U11 (Kaolin) 11;tm1Kaolinite,Silica, 

Alumina,Silimanite,Dolomite ,Chromite.Chrome Magnesite,Magnisite,Zircon 1fJuA'u 
~ . 

t::, f 1flQR1Jl'Ha1UNff1Jn16JUflt'th, HOJlftRfl111J't'f l ui 1lAt.lfll'i1f1flQRtJnli~lu ffl'iO'U't1; a 
o ,_I !if 1 .. , 91"' QI QI Q I ,/,p I ,/.. 1-•1 ,/ p 

'Ul IJl1J'Uff1\.INff1Jl't'ffl 'HlflRfl111J't'fl'l.lfl1 1flQR1Jl'Hfl1\.I 9'1Ufl 'Ulflflt.I n1J 'UUll Uflfl'U N'3 

tn! 'lJ flu 1 fJ u ~u 

a-1t11~·h61nu 1Wfifl6J~ff11Jl'rn'Yl'l.l~flf1111Jf flu 1~q'31iiun11 1,300 fl~tY11•a1•uu 
,l ,_1... ,_.I.. .. .. ... "' .. ...!l ., ,~ 1! .. d .. 
'U\.I IJ flJ'Yl'l.I n1J 2 4ti''l.IR fl6 flJ'H'l.lflUfltflJl'Ul l'H1J1::'11'H'l''U 'l'a'l1'3lfl11Nl'H'l'fll"lfliJ~l'Hflfl flJ 

11\l'niiun11 61nu 1w fi1u61m11;un1161uu1u 61Y1u 1~6'3uu~flflmflu11a10t1'l'::lfl'YI 1~url 

6J'Yl'l.l 1~aiam~~ 6JA'U'Yl\.I,~ 6JYl'l.l ,~fl::~ii'l.llfJ'3 6J'Yl'l.l ,Wlfl'l'1J 6J'Yl'l.l ,~U1JflUloVt.I 6J'Yl'l.I 

i~lf111JU1Jflilt:Vt.1 61uu1unuiw ti1ulu 

' ' ' ., ftl11Jf '111t11001nu1ft1e~ihafiu1N1 

QI "°' I ,Jl'I 91 O I A ~ .. 4 .J! I 

\.lfl14ti'lfll'l''Hfllt.l'Yl1\.I 9'l l'Hfl111J'H1Jlt.l'UfHfl111 "lfl'l'fl~IJ'l.lfl\.llNl" 'HHI ri111 

..... QI,,,/ 
''&'JS'l'11Jflt1., (Ceramics) R'3flfl tJu 

4 t/ I I • ti~ .. ~ Q,11 t/ 4 .:lo 
't11 't'f1'H1J't'f'}flll(2523 : 1) flfl1111 lfl'l'fl~U'l.IR\.ILN1'H1Jlt.1€1~ Nl'lflflWcrl'l.11\.114ti''l.IR'Yl'Yl1 

tlflA'UUl'l::iiu lRt.1Nl'l.lfl'l''l'1JnLNl (Firing Precess) li11H'§jf1111JU~~Ufl;~ (Strength) §jfl111J 

4 I 4 QI ... ,p ' "" QI o'.da! Q d o' l 
fl'3'Yl'l.lfl111 'H'l'flflfl11flfl\W'H'l.1'3 9'1Ufl Nl'lflflWcrl'Yl11ltlflflU'l.l'Yl'Jt.lt111 fl l'l'Ht (Inorganic Non 

Metallic Materials) 1~url uitil~R'l.I iiu~H'l l'l.lffifo 1'U'l'1Wfl;m;un11 lfl'n1Jflt1 (Keramos) 

u'lla11 S'3~QtllN1 (Burnt- stuff) i'jfl111J'H1Jlt.1'ti1ufl~lAt.11tiuua::flHft'Utn1:nt5'~nqll11 1crniimf 

(Ceramics) Niiflti'wcnT11~111n1iimfi'jfl111J111J1t.1111J1t1il'3Niiflnwcn~1~'1'.Yu fl"n111m11Jmnh 

p QQlo' l 4 ... ..,.. a!"" o' 
Un1 (Glass) Nl'lflflWcrlflfla'l'Hfl1'l'1J l'l'HZ&flflfl'U(Enamel) NflflflWcrlfl'1a'l'Hfl1'l'1Jfll'l'lll'Jfl1J\.lfl 

~'l.l 'U11 ~'l.l't'ffl1a'&flfl{ ( Cement,Lime,Plaster) Nfi"ft'w cnflfla'l'H fl1'l'1J1flQYl'l.l1 ~ (Refractories) 

QQI" .C:.ca1 
ua::Na"flWcrlfl"t'1'1'Hfl1'l'1Jt'l''3'URQ (Abrasive) 

'U;li'YI lflnatYm(&~mB~'H~) v1ti'R(2530 : 11) nrl1111 1f1~fl'3(\'1u"Hti'Utn1116'3flqllfi1 
I Q .... ~ ... ... :..; .. , ... !1 WOI 

11 "&'JS'l'11Jfl" (Ceramic) 111Jlt.lfl'3&fl1fHU'l.lfl'l.ILN1YJfl4ti''UR'Yl'3'Yl&fl1'16'UUft:: 1J&fltrn'U ut1'U'l.lfl111 

"1crniifl "n1JJ11nt'IW'UflQ1JO~ la'H::&flitfl'U 1tJiu ffl'l.lff~n::iY flnt>At'l.lull·;rrJfl4ti'UA 
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1mJa i'mf 1~ff(2531 : 1) flft1111 ti111 LllJfnflmf (Ceramics) 1J1\l1fl11flffnfi'1f11111 

4 ~ 4 ... 4 I O 

"lfl'n1Jflff" (Karamos) llJf~m1..1m1:11mmm:flTlflff'l..lffflq911Jfl111J111J1f.111fl1l'IJ11fl1 

ffllflU'IJ'Vl~v-ltl-rhml lN111..1~W111JfltJ ~ 

oil'1..1~fl'fl~ 1'11~1J~fla(2538 : 52) mi1111 ti111111Jfnijmf i'.jfl111111111r.Jfl~1~~1..1 
.ot ... ... ; ... ...; " I I I ,: I 4 Al ; A ,A.UI 

fl7fl1.Jfl~1JfHNi;'l91flWCfl11i;'l1f.1'11'1Jfl'Vlll1 &1Jlflf.l'VllTU1J1flfl'IJ 1'11'1..1 'lf'IJff1'1J11lfl~IJfl1Wlfl7tl~ TITI1 

(Electrical Parts) ~tlmw~1ft1..11fl~fl~tliimwtl71J1"4 (Nuclear) 1fffl'Vl'l..lfl111Jf fl1..1q~ (High 

Temperature Materials) uft'1 (Glass) 1a11:1flflfl1J (Enamal) •1111..1~ (Cement) lrt'IJ~'IJ 
... ti:! Q ti 0 ' ' !1 QI ... " d. ti 4 1Jlfl1 't'f1J't'f'U11'U1(2539 : 1) fli;'l1111 IJ\1111'1.J "lCJl''nJJflff" JJfl11JJ'tf1J1t.I 2 lZflU flfl 

tll:fllllllfl 111J1f.10~ Na91flWcrl~~ml1Jnfl17Na91~fl~N1'1Jfl1llN1~~W111Jij\l~ tY1'1J fl11JJ111J1V 

... I .cl .. IQ, QI ..... • ... I Qi QI ti: .. ' l I ... 

ul:flll'VlfffH 111J1VtH Ni;'l91fltuCVICJl'~ff1'1JIJl:flfl1J'Ufl~Ni;'l91flWCfl'V1~11JJfl11ltlff1'1J 11tyNa91\l1fl 

')91qfiu~§jfld9l1111n11'111~u1..11tlaflfl 1afl 

1Jlflfl ,'VIV(2542 : 15) flft1111 "lfl~fl~il1..1f11..11N1"111J1VO~ a~~'thi1vf11..11rt1..11tl'VIH 
~1~'1 a~'Ufl~lfl~fl~ 1f~1~'1 U~1U11J11N1l\4flu1 itJ1 f~11..1~fo itJ ~~fl1l\l:91Htl1Jfl11:11tl~flq1:111 

d.c=s ~ : A il" Q : .id ..- 'I • • : 
Ceramic 'Vl1Jfl111J111J1Vfl" Jl~'U11~ flltl1Jfl~1J'Vl~lfl7fl~ 'IJfl'l..llN1'Vl~'Vllflaflmm: &JJlfli;'lfl1J l11J'VI~ 

•,,,QI AC\ ~ .Q 

1a11:1flafl1J 1'11'1..1 '11tl'l..lff~fl:ff m:mfl~ flJ 91aflfl\l'l..IUn1'VJfl'11'1Jfl 

m~ 11..11JtyffJJmt(2s44 : 10 > flrl1111 l0Jrl1ijmf1rt1..11n~~ijfl~fl'tl,:flf1uti11..1111qj1rt1..1 
d ...;, ., '1 Q • QI .cl 0 4 ti: 

'llfl~ll'll~'VI '11 'lf a11:: 't'fi;'llff91fl 11ltl1"1fl'Vl'Vll\llfl'W'lf lli;'l:ft911'1J'IJltH 

ff1JiV 1fl~fllW(2544 : 1) flft1111 fl1lUU~tll:lfl'V1~91ffl11fl1l1JlllJf'nijfltf UU~fl~1~'1 ii 

lrt'IJ 2 tll:lfl'Vlfltl 

, p I .l qi.I ~ ... 1 A ... ; 
1. Treditional Ceramics MUfl m:mfl~ \l'W'IJ uflN'IJ~ ua: 1Jlfffl lfl7fl~'tl'UflWCfl 

ll1v'1111J Yi1i1m0Jrnijfltf 'llfl~~1-S1v ua:1fl~fl~tll:~u ua:~flll1vi~~1 1rt1..1~1..1 . ,, . 
2. New Ceramics lrt1..1111Jfllflflttfi~fl~i'uu111irflfi~w111Jijq~ iiurl Cutting Tools, 

• • • • • • : i1:11 tlo ,: t 

Ceramic Fiber, Ceramic Engmeer Parts, Coating Film l11J'Vl~l0Jf'n1Jflff\l1'W1fl'11'1Jff1'1J 

... ... ; 
mafl'Vllfl'l..lflff .,a., 

.ot ,p I A ,, ... 4 A p ... ... 0 I 

\l~ffltl "111 lfl7fl~i1'1Jfl'IJ1N111lfl 1'17fl~tl1V 91Hfl1Jfl11flfl~flq'l!lfl111 Ceramics 

d. QI " • d. QI ... Q QI d'.d. 0 .Q 

1J'nflfl''W'Vl11 Karamos 1J1\l1flfl1'1!11mmm:m1:11ff'l..lffflq9l 111J1VtH Na91flWCfl'Vl'Vll'11flfl'IJUa: 

.Q .. 0 .Q d." ' .cl .Ct, 0 , ,,.. d ' 4 

11'1..111lfl'Vll\llflfl'IJ'IJ'VllVfflllta:N1'1Jfl1llNl'Vl~W111J11tJ~ 'Vil 111Jfl111JU'IJ~UflH fl~'Vl'IJtn1l ua:1J 

fl111J111J1Vl11J i11il~Na9lfltucrltll:lfl'Vl~l~llU~flUl~fl~l~'l ,i 2 tll::lfl'Vlflfl 1. Treditional 

Ceramics iiurl m:nifl~~-'1..1 ua: 1111fffl lfl~fl~'tl'llflWcrl ll1t.1'1111J 11a:~flll1vi~~1 lrt1..1~1..1 2. 
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. ,, . 
New Ceramics i~url lllJf':niimfVi~~Hi'mhttuoVi'2W11fJi'.i~'3 i~url Cutting Tools, Ceramic Fiber, ,, ,, 
Ceramic Engine Parts, Coating Film 111lfl'3lllJf':niimfhrnfl;'WtY1'W Vltlfl'Yl'HlUflft 1f!t.1~'W 

. . . .., ... ~"... .. if ... lflQRUtl &VfHlfllft18~ 'UR'UlHl 

19lQA1J~1.flum·nia9llfl~6-3dt.1At.1un~ ifli11flu i1 tit1d1tity ~-3ti1u 1 myi ~unAt.1 -Hu 

un::ui1i1~~1'3'1 U~fl1'S~t::tifnavo19\QA1Jl11rl1Ju uui11flt.1ii'3•11fluua::d1ti'ty6V1'3~'3 
1 fttim Yi1:: FjNa9\~tHnfl 11u1~1 l tim::f flt.ll nu'Lii fi1u U'S::ovu~1~'1 n1~mn (Chemical 

Composition) f111Ul11Utl1,.V~A'W (Plasticity) fl1'S11fl~1,.V~A'W (Sbringkage) 9\a6flt'Wft,.6~A'W~ 
1' t .! • ~ ,l QI QI .. 0 , 't-'!'I ,, QI QI " 1N1UTI1 (Fire Color) 'Yl~'Wl'ViV11J'WYi'WJ1'WV'Wtf1flty &'Wfl1'S'W1 tJ &'D &119\Hfl1J19\QU'S::ff~fl,.6~ 

If ... ... " .... ... ..; .. J!tlt ... " • • ,, ... ~Nlt9\ ('Y11 Yi'l'11U'Viqfllj, 2523 : 56) 19\Qfl1J'YI &'D &'W'29lff111fl'S'l'UlllJfl1Uflff 11'l'Vlfl'i6~U'Wfl'W1N1t:: 

i~int101n11'J1~i~url A'W (Clay) -Hu (Stone) \'Inti (Sand) ua::iiu1d~1'3'1 ~6dlu1u,.6'3 
, ,/ A QI ... I .!,j/ .l Q QI ,/ ,/ j/ QI V6fl ll)ffl llJf'319\Qfl1J111a1'W i'1111'11fl'Vi'W1i'SW (1011a 'jfllj1~ff. 2531 : 2) ffVflflt1V~fl1J 

Nagumo(1974 :19) ~orl11i119lQA1J~lf-31'WlllJf'l'1iiflft ff1111':ifl1Wfli~1flu 2 Ul::lfl'Yl~1tlfl'Wfl6 

1. 19lQA1J~ijf11111111Utl1 (Plastic Materials) 1'iit.1 A'W,.11 A'Wl11Utl1 A'W'Yl'W i~ . ,, 
2. 19lQA1JVi11Hif11111111ut11 (Non-plastic Materials) 1'iit.1 Oiam A'W1~6 (Grog) 

-Ht.1-Wt.1U'1 oH'W~'W . 
QI .i::. did. .::I 

19\Qfl1J'Yl11f11111111'Wtl1 
,, • 1 • 

19\QAU'Jiiflu 1 ~uri~u ~u1flu1'9lQ~unnf111u111uv1ild1tity111oilu 11.111 f ,;1ti1u Nn11 
....... " ... " 0 ,,,0 ,. • QI " 

,.V~Na9\flWlfl l'V'S111flff ff1111'Stl'W1111 'J'Yl1fl1'J'W:: ff61111'S (Table Ware) lfl'S6'3tl,.flWlfl ,, 
(Sanitary Ware) m::1;j6~ (Tiles) OJ (Bricks) 19\Q'Yl'Wi~ (Refractories) '2Ufl'l'W'YIH,~~11flt.1~'W 

(Insulators) 1flu~u 1'1v~t10At.11f!t.11'9lQA1J~ijf11111111ut11 At.11f!un1'l'u'l'::fl61J,.6~vuii1ut1110ia 

109\ "Aluminium Silicate" (A.li03.2Si02.2Hp) 1u1dAt.11i'S'S1l'J1~nmnh::ovuvv1~~'W'1U::uu . " ,, 
vd111oil1flun1111~'thlll'Aui1fo~tt'Yli ff1'l'111rl1u1~uri Quartz ,Mica, Iron, Hematite, Flourite 

1flu~u (1011a i'o1!f 1~tf. 2531 : 3) At.1~lflt.1f29\iY111m'l'111'1Sniimf ~1ut.109\111iloljw::,.6~A'W~ ,, 
u1111l~u'l':: lv'Jfu i~url At.1,.11 uvn1fla6 ua::At.1111uv1 lflt1il1At.1111rl1u1.11l~1flt.11'9lQAulu 

f29l'n'111m1111'1S'S1iio'JUfl~H'1 (ff11tloA°' 1Ytitl'9l6, 2544 : 95) 

A'W,.11 (Kaolin,China Clay) ,, . 
At.1,.11 111l1t10'3 At.1iH?,.1111;6UCiflt10'1~ lunmYtViv~ i,ji~1N1ua::1N1ull1 At.1,.11n 

fi1u1h::ovmhul11qj1fluui;luotj11 Kaolinite ua::nf11111ff'11iui'fiuij'n lfl i1~ 11101 tia in~ 
f11V9\oM ua::mtij11vt.1~1lv~a la 1u~ (mfl1 -ft11~,.11.U1, 2539 : 42) ua:: mYti 1Yti9lTU'W:: 
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_, _, " QI ' ' _, ... 1! It ... ..._,... QI , " " ' ~ 
(11.IJ.IJ. 11u1 10) v~mn111 IJn~mn 1'Wfl'W,,11fl1'Hl::11IJ'l111Wflflfll fl'W (Alkalies) uvvn111vv 

_,... d " " " ' " ... " " ...... fl:: 2 1J'l111W,,ml11flflf)f)fl lCJffl (Fep3)'WflV011'lflVfl:: 1 UflfltCJfV11flfln tCJffl (CaO) U110'W10JfV11 

, " " ... " " ' ... d " ' ... ... .r ... vvn CJffl (MgO) 1m:: 1n1n1uv11vvn tCJffl (Ti02)vg1u111111wmnuvv u11ft~fl'W<tr'Wfl'W1I 2 mm 
~ . 

1. umi~~ufi11ufl (Residual Deposit) Au,,11u11ri~ihjnvmlu~n11w::d~l'Wf.l1,,111lfl-ri 

'll1J~~1A11~1rluu11ri~1d-Hu~uii'1 1rtv-Hu~uii'1~i~ 1flV1J'l'l'Vlflltl' (Weathering) Nfltyfl-liw'il:: 
• ,, ,, JI 

mtfo 1rluAu,,nvg w fiitu m::1J1um11nYlt\u,,11 (Kaoliniz.ation) ii'liu~vu,,v~11fimvi~~u 

KA1Si3.08 + HiO HA1Sip8 +KOH11fimmieJ1fl'l,flfttY (Hydrolysis) 

HA1Si30 8 

2HA1Si04 + HiO 

Ha1Si04 + 2Si02 11QITTVlfll'ltYfl1Vi111fiiim (Desilication) 
~ 

., (OH)4.Ali Sip5 11fimmm1n11i1ti'mh (Hydration) 

-Hu~uii'1itrufl 111u~iv (Potash Feldspar) 

(OH)4.Ali Sip5 1dAu,,11 (Kaolinite) 
' ' 'II ,, 

ff~tYn11rnfivt1J1tY11fl 1u~'WLL11ri~il fl fl iam (Silica) ij~~'l'rll~lflihr!u Si02 'WflO'illOU 

~ii-Hu~uii'1 ufl::Nii~Nflguc-i ~tr~ i1h11gvuu11fl~1ilv~'il1n11fimvi6~ i1iu111J'IW ufl::m'ilij~ ~ 
"' . un11rnfivufi1.u'1 i1111u 

' d.1 .. f.Q d.Q Q 

2. U11fl~tY::tY11'rl~11 (Sedimentary Deposit) H1J1Vfl~ UHfl~fl'W,,11'rlmflVlnfl'W 
~ . 

,,n'il1numi~u1fl Qnm::uuu1iYlvt1i11 1m:: i11u::u11 lu1J;nwfi111Jq11 

1u111::1'rltl','rlVUUmt~~'W,,1111fl1Vi~111f1 i'ji~'H1Yllhth~ ~9l'ltl9lcl' tln1'W1.J~ 'l::'Wfl~ 
""" ... !ft!/ iyn11fJ'l1i 1u um tl''l 1i n 11 n iv mu ~l'W 

ff 1'W 111:: fl f)1J 'rl 1~ 'fl ij,, fl~ ti 'lJ,, 11 

N~fl~1J; iyni,,v~A'W,,11iiri1u 111::flfl1J'rll~lflijLrlu ( OH)4 AtiS~.o 5 11 lfl 

Ati03.2Si02.2HiO 'H1v !vvfl:: 39.8 Ati03 Jvvfl:: 46.3 Si02 Jvvfl:: 13.9 HiO A'W,,n~vt1J 
91111u11ri~§jri1u111::nv1J~h~ti'u i 11~1m11~Nfl 2 111::m1 

A 1 1 ~ ... "" ..; QI 1 ..;.,._, 1. L'Wfl~'illn u m ~u11~,,fl~fltJ,,1111m1ununnu,,v~ fl'H::1il~'rl11IJ'l::,1J1n 

2. 1dv~'il1niiu11111::nv1Jgu11:11uvg l~uri Quartz, Feldspar, Rutile, Pyrite, 

Tourmaline, Zircon, Hematite,Fluorite,Muscovite Lri'W~'W 
.,... ..... 

fJtlltY111J9l'rll~fl1Vfll'Vt,,fl~U'lYl'W,,11 

m1n111JfJW u11lliim~mvmvt,,v~u -i Au,,11 'il::,;1v'r11l,f1nu11111 fl'ri1u lVfJW u11llii 
.l ... ~ Ji ... .... ' i •'!.!'"" QI ... ..; 't.l''.!:!t ... 

,,fl~l'Wflfl'WIJ'W CJf~11U'lfl'Wl11fll'W'WNtY11flg ttlfl'VtfltY11fl1'l fJWtY111J9l'VU'llfl1'l'il:: Ltlnfllll flfl 
QIQ~d. 0 QI QI di ' QI 

,,'WlYl,,fl~m~mfl (Particle Size) fJWtY111J9l'W11fl1111tYlflty1llnfl'W11'W~ 1vtn::1111u 
..l.J!QI .,... .II ... d A" 
lnV1'UfJ~01JfJWtY111J9l'rll~,,l'Wfl1111111'WV1 (Plasticity) fl1111U,,~U'l~111fJU'H~ (Dry Strength) 
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fl11JJt'l'1JJ1u11um'.iuamtJ~tJUtl\!\lft ua:::m'.ittfl~"udtJu1f '3 (Drying Shrinkage) mh1 lfltJ,t1 itJ 

... d ... 1-" ... ., .. ,, ' ... d _ f'.:! ... " 0 
flUllJflt'l:::ltltJf\11::: l1fl111Jl11UtJ1Uft:::fll'.i't1fl9'1ltltlUt1'31J1flfl11flUltlfl't1tJ11J(11'.ifll TtlJTt,.11,.1, 

2539 : 42-51) t'l'tlflfl-Ktl-3fl1Jtllfla11,.tl-3 m~i11if fl'11'3Nt'1(2543 : 25) fla1111 ,.U1fl,.tl-3l~flAU 
... : ' , ' .Ji ' " 1 .d -• (Particle Size of Clay)t:::JJ,.Ulfl9''3U9l 0.05-10 tlfl'.itlU fll,.tl-3lnUNlfJUtJfl1n-3 fltJl\lfttJ11'.i:::lJltu 

0.5 ,JJfl'rnU (1,JJmtlU lTilfl1J 10""' 'lf.JJ.) l~flAUiifl11JJthfl't11~tlfl11JJl11iltJ1ua:::m'.i't1fl~1,.tl-3 
... .. ,, • ... ..;... d d ... ... 1! ., ... ,, d 
flUllJtlU't1'3fltlflU'Vltl,.U1flllJfllt'lflt:::JJfl111Jl't1UtJ11JlflUft:::1tltJft:::fll'.i't1f19'1llJtlU't1'3flt:::q-3tilfl 

ltJ;1~ (Particle Shape) ui Kaolinite flljtnfl,.fl~,ju;j1tJi1~&fluuFiu't1m't1gtJJJ;j,.u1R 
.. , 1 .d ' ' , tlfl 0.05 tH 10 lJfl'rnU fltJl\lfttJ,.U1flfl~'.i:::'t111~ 0.5 tlfl'rnU . " 
fl111Jff1JJ1'.in 1um'.iuamtJatJUtl\!\lt'1 (Base Exchange Capacity) fJWt'l'JJtm-G'tlild1't1i'1J 

' ... ,, I , • .:... .d"' II l 1! ,, 
U'.i Kaolinite lJUOtJJJlfl LTt'n::11 UU'.iUtlfll'iU'VIU'VlflU,.tHTt1flf)lj\lt'11J1fl LU f\Hthl~UtltJJJlfl 

1 .. .d ... "" , .... , _1.d 
fltJ1\lTt1:::Nftfl Kaolinite 'V11J'Sit'V11n1::: tllJfl111JffllJ1UI Ufll'.iUt'ln111t'ltJUf)\!1Jt'llfttJ ,ju11::: 

_ ... ,.JI .. ., ~ .. .., ' " • "' ., .. d ' • 
m,m11t'ltJU ttllJf)lJUllJUNt'lflYI lJt'l'lJ\l'.iW 't1'.if)lJ'IJ~fl'lf1JltllNt'lfl-UU1fllftflttlfHU'.iTt1fl TOT 'HUI 

Three Layer &-G'1i~~N1,.tl~,ju 
..... ... ,, "' .. ,, fQ _JI , I f 

fJWt'l'JJmUJJf)Utl~ (Drying properties) fl1'.i't1fl9'1LlJf)U't1~,.f)~U'.iflUt11UCll'1 lJflf)tJ 

, I " Q ti QI ~ 1 f t I ,~ ~ I iQ ~ d t .:il 
t'l'U '1Tt'.i1:::11lUflflUi1UJJflth:::flflmt1tJU'l't11ntJflfJH U9lfl1'flt'l11 '1fl'J1~"}11flU'Vlft:::mtJflfl111J 

"' f ... .. -1 I ,l , Jlt! ,, _t/ 
fll'.i't1fl9'11Jlflfl11flU't1f.111JllJ611ftflfJ'VI~ -;i &tlUlN 

... "' ,,... ... d ,, ... , ... ... ... ... ..... " ... 1 , " , ,, 
Nft9lllW«t'lfl1JlJfl111JU,.~UHJJ1flUfltJ1TtfJ-I 1 flUfl::&fltJfl't11flflUfl2J2JfJU9l116'.ifl fl U9lt::: tlfl112J 

d .d 
U,.-IU'.i ~JJ1fl'Vlitfl 

fJWt'l'JJtm't1an1mN1 (Firing Properties) u'iAu,.11um'i't1fl~1JJ1ntta~m11N1 i1ifl1'.i 

, J! ... .JI ~ ,l ... ~ ..... .. .JI "' -• 1! _I';! ... " 
'IJU'.iflU,.11TI1Ul1JULUflflU11U ll'lflU,.11ltl6lN1Ua1t::ttfl9l111'.i:::lJltu 20 lf)f.lt'IZ: (11'.ifll Tt11Tt,.11 

.U1, 2547 : 11-12) 

AUl11UfJ1 (Ball clay) ...,;fJAUl11UfJ1,.11 flf) AU~UUllfl lflaiu~&flufbut1'.i::flf)1J~ 

d1fl'ty lAmu-w1:::-w1n~iil fl'l ~t'l'r1~mv 1 uiAflgfld1~ iii,flu'.i::&uvtJ(Disordered Kaolinite) n,.u1fl 
d... ., ...... ,,, ,, ... ,,, : 

&11Aa::mt1fllJ1fl ua::11m1:::JJva t'l9l (lliite) ua:::tiflU9'1lfl'.it'I la U91 (Montmorillonite) 111l'VI~ 
'°' ... ,, r/ -1 f.J' !!! r/ r/ ~ !!! I 4 ~ ~· ... 

ff1'lfJU'Vl'JfJTt1flfl1'i1JOU11Uf}gtJ1fJlt'l'1lfl .Cl,.0~1JOfttllfltltJ1J:::mun&'V1160UtU1flf)'lJ\l::l1JUTifl1 11 

... .. .JI , '1!!! • ... ' .. ., 0 "' ... .. 
fl111ll11UtJ1q~(Hight Plasticity) l116lN1UTI11l:: 't1n,.11't1'.iflt'l'06U 11'31JflU11J1Nt'l'tlfl1JflU,.11 lTtO 

,~ "' -· ... "' r!.dJ! ... .,,,, ' "' ... ... "'" 'IJ &Ufl1'.i,.Ul11Nt'l9lflW«t'l'Vl~tl~fll'.if1112Jl11UtJ1q~ ua::v~ 't1fl11tlUflH't1t'l~lN1fl (fl11fl f)-lfl 

1'11u::, 2J.t1.tJ. : 23) ~u&tt1lv1,flu1'9lQ~tJ~1flJln lutJ9lfl'1't1n'.i'.iJJ&•nnmf 1u1'.i'.it1Y1~11:::na 
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I I ... 9. 0 A ... ... ........ ti I A .... ~ "'9. ... ... .: 
911'31 t'lfU inm nrn 1utHVlfllJffTH>uvmm1v uvgmv11iHv1nm·.mnun1v::lJ·n'l111 AUIJfUP\U 

'1 .cl I cl d cl cl cl cl QI ,l ti ... QI "'1 9/ d 
VZTt1.Jfl~ 1J'Vl'fl1.Jl)lJ lJllJAn::ltltJA lJfl11lJl'l11Jtl1A l'HlJ1::fl1.Jfll'j'\11Jl Nn91fltucn '11fl11lJU'll'3UH 

' ,, 
~vNa9ltl'tu'111ivv'311hN1 (lnlJn i'mf 1'3ff, 2531 : 9) Aumilv1iifl'4mfl1rluufiuafvucitiu nn1i1u 

11!vii1.J 1~1ll'T111lJfffn~lJ&U'l::&tlgvu1tl1~~w (Uty'111 1iU1.JqJfflJtm un::17nm1tyvif tlllJW, ,, 
d. QI 41 ' ' .Q d. .Q 

2544 : 22) uvnv1nu 'J1nt1 ff'ity'\1(2539 : 33) nn1111 A1Jl'l11Jtl1 (Ball Clay) tnAV1flfl1191fl91::flfl1J ,, 
'tim1lJfl1J'llfl'3AU'lll1 1h::nv1.J~1vui Kaolinite 1rluri1u1h::nvmhtl'ty 1.J1'3fli''3v::Tt1.JUiAUIJfUA 

,.\tit.I 19/ I fl'U :: uvg1.J1'3 l'111J Montmorillonite 

tll 
....... "'1 ..... 

l:: tl1Jf1J'llfl'3A1J1.Jflnntflntl 'UtJ91ff1'11fllllJl'lflllJflff 

I ..:. 1 ,l .l Q II , ,.....,1 
1. '11'1tllTtlJfl11lJffllJ1UI 1Jfl1l'll1JlU'llfl'3l1JflP\1JU1J 11A'll1J 

... .... ... ... d ,l 9. ..\ .... 
2. Nn91fltu Cflflf)1J lN1lJfl11lJU 'll ~U'j '3lJ1fl'll1J nAflll qqJt·n tll 1J fl'3 Vlflfll'j U91fl'l1 fl'llfl'3 

Na91tl'tu'1~6'311i1N1'llw::1T1Svuihv 
I O 1-" : cl 'I QI .,.,l 

3. '11'1tl'Vl1 111Jll'VIU1.J1.JlJfl1l &'11n911A'll1J 

" " 4. 'tf1v 1 ll'1fiAtli)m m1::1111'3iJ1ntY111 u1 uvAu i1u'lltu::'ti1m11N1 1rlu Nn'ti11 ll' Na91 

QI ..... .1 I !'ft .lc1 QI Q o' 
fltuCfllJl1JflU\J\JllJ1Jl1Jfl&Atl1fl1J91nflA (l'lflllJflff, 2545 : 59) 

, , ~... ... 1 " ... n" ""'-'! 9. _. • ~ • ... 1JflU '!JA1J&'l11JtJ1lJ1NfflJ t.Jl1JflA1J 1JfllJ,,fllntJ1.Jl'3ulZfll'jf)~tJ1tJ flnl1flfl 

1. Aumilv1jjfl11lJ1.Jltyni"'~1 VfllJjj~'3ftmhm;vtluvgmn 1'tfu jjtY11tl1::nv1.J'llfl'3 

Tt1n6un~vtY11 mgnvvn 1CJf Pi' fi9111ilt1lJflflfl i.Pi' 1flu~u 1At11UTt1::n'1jjtY11Tt1m11gnvvn i.Pi' 
Q cl 1 o'4 I 9/.: ... cl 9/ 

un::n9111ut1lJflflfl CJfAl vvtlu vglJ1fl v::'ti11111uflA'UlJfl1llJ'll11nAu vvn'3 

2. m1'ti1Na9ltl'tu'1l tli '3Uff '3'til 1A'mn 1"11110, fA1Jl'l1Utl1NfflJUllJ1tulJ1fl1 

Ql.Q Q d. tJW fflJ1.J91'Vl1 ~ flltlfllTt 'll fl'3A1J l'l11J f.11 

i. 'llUlA Aumilv1jj'llu1An::1ovAn11Au'l111 'l1u1AAumilv1vzjj'llu1An::1ovAufi111u 

un::111n~ vmfit1'31Av::1tlgvumJn'31tl91111u11 rl~~Tt1.J t1vu11rl~Au ~QfliATtl 1 ii inn v1mmrl~1A11 
d. .cl 4 QI ... d .Q ..cl " 0 QI 

lJlfl VZlJfll'j lfftlAff un:: flll1.JAfl1J 911lJ1i 'j 'jlJ'lf191lJ1fl 'll1J lA'llfl~llJAA\J v::n::mt1AlJlfl'll1J 91llJn1A1.J 

2. f111lJmilt11 mi11lAt1,i'11iJul\1 A'w11ilv1ilfl11iJ111ilt11fin11Au'll11 m1NftlJAu 

cl 11.11 .l Q ~ I .! 1 9/ ,l 1.11~"'" l'111Jt11n~ 1Jl1JflA1Ju1JV::'lf1tlll1 'Hflll'll'Ul '1A'll\J 

3. m111Ai11rlvull'~ Au111ilv1jjm111Ai1mn~vvu91n~1'31tl911lJu11rl~11!v'lfilA 
" ' . 

'llfl'3Aumilv1uu 1'1iu Aumilv1;Jjj sio2 iJ'3U'VltJ11mmn1Ai1mv u~Aumilv1;ljj6uV1~vtY11 

q n::jjm111Ai1mntl1::lJ1tu!vvn:: 15 u~vvH i1~911lJ111 iu1fAumilv1vvH1At111um1NftlJ 
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.l .... J ..; .l ... J .l ' .l ... J ..;..,. "' ..; 
l'IJ6Fl'IJ11'1Jlllffl1Jllfll'l\l::l'IF1l16'3Nff1Jl'IJ6Fl'IJ11'1Jlll'IJ1Jl't11ff1'1JNff1Jl'IJ6Fl'IJ11'1Jl11Jflll'HFl9\1l'I 

mm:: ff1J 1 ~ 
d I A I QQ .c:I .. d ' Q ... d. .d.:s 

4. fl111JUllJ'3"1 '3fl6'1JlN1 11fl9\Fl'IJl'H'IJtJ1\l::1Jfl111JUllJ'3"1 '3fl11Fl'IJllJ11 Fl'IJl'H'IJtJ1l11Jfl111J 

d ... , .l ... J ' 0 ,)I/ ... "' ti"" d JI 
Ulll'3UH\l'3l1J6Nff1J 'IJl'IJ6Fl'IJ11\.l\l::"1S1tJl11 11Nl19lfiWCV11Jfl111JUlll'3UH\l'39l11JV'11tJ 

5. fJWff1JU~'Htr'3tlfllN1 ~i1i1uAumilv11"1u'lfJWff1Jllii'Htr'3tlflfl11'Nl 1flu~u·hiHt 
~ ' .l "" .. ' ' , ' ' "' "' ' - ' .t "" .. ... l1J'IJ6tJ1'311 l'U6~tt16111tiv1" 1 111flm1d1flqt'IJfl U9lfJWff1J'U9lmn1ut::1JNnm::TI'Um::mmm.m 

ea 4 AQ" Q 4 r .c:1 1 A, Aea" 
Nff1JFl\.ll11'1JtJ1l1'31 tl1u&\.16Fl\.IU\.I Fl\.ll'H\.ltJ1'U1'36tJ1'31J Mica tl1::fl6'U6Q &1J6Nff1J 1u&u6F1ui1u 
... ,, ..; !ii "' ' ,_'.I/ ... ......... , .l ... J 0 ,_'.I/ .l ... "' ti ' "" 

&1J6&N1 Mica t::'rl111urnmu9\1'1" 11mF11Jgnw1 \.l&\.16F1\.111'1Jl'll 11&\.16Nl19lfiWCV1U\.l'IJ&m::1uvu 

.l -~ ... ti 0 

1Jlfllll\.I (111Fl1 'Vt1J'Vtlll111111, 2539 : 55-56) 

... ~ ... "' ... .. .... _,... d "" ..st '/! 1 d 
Fl'IJUFl'3 llJ\.IFl\.lllflllW::Ttlffll fl6 1J1111J1Wl't'fnfl\l'3 61\l\l::1J1Jlflf1'316tJl1:: 10 FltJl'Hllfl 

~ .., 0 ,,, .., .l... ' ,,, , .l ... 1 ti ..; 
t::m\.19\1l11 'H,Fl'tlfl9l11116'3l\.16Fl\.ll1Fll1'36tJ1'31Jlfl "1SNff1J 'IJl\.16Fl'IJff 9l'IJU11 ff11J11fllN1l'I 

~w 11tJii~1ni1Auff19lu u 11Au UFl'31riu AU tl1::&fil'l'H d "~ 12.miu-Hu Uflfl lJ1lff11111m..1u1 ~.YA& tu 

utta'3~Tt'U1J1nffti q 1,,fi'v ihtJu 1rlu~u 
Q " !ii , Q QI " Qd.QI ' A ' ea• 
Fl\.11J1Ht l1J'IJff1UNff1J,,f}'3Fl\.lfl1J"1Sf}llfl9\11J1i'12J"1S19l 2JllflllW::nu l'l.169\1'3\llflFIUfl'U'l 

i'hhutl1::fltimr!uTt1fl Uflnl;tJ1J66fl i.~ ~1rlui·:ntF1,Aqni11116'3A'IJ 1~A 
Au't'lu hi 1rluAu~jjfl111Ju~"fl~1vitu jjfl111Jl'l'IJ 1 'riq" Tt'UlflF1ttn1vuttri'3~l"'lfl\.I 1 ti 

11h1v11lftum1'rl1~1tJ"1S1111•niin u~1ftumnhl'ffi>Jl1u1'ri tt;fl 1lio{u&to{mvlu19l1 1'tiu 

uNUrn'3NaAfl'wcri""lu19l11rlu~u (tfuVi911u1flAtl1ttm111&fl1o"'fl~OtJAU&Nlmflmi1o, 2538 : 13) 

Aumu 1TI 1u~ (Bentonite) &rluAu~jjfJWff1Jlliift&ffll1ui1,,0'3,ju&do 1.flutl;mmi!ov 

t::&Ti11fJwmTtfl1111milv11tf urllif 0Au~\lm~11,'tfu1Av1n'Um11~JJAu'Uonn&flnv&~o1Ti11fl111J 
"" , .l ... .... 1 , ti... , .l ... _, ti ... , ,, .l ... "" "" .l 

l11\.ltJ1 \.ll\.IOFl\.I Fl\.ll'U\.I l1 \.19l\.ltJ1JNff1Jl1'3 \.ll\.IOFl\.1110l11Jfll1\.I l'VtO 'Hl'UflFl\.11Jfl111Jl'H\.ltJ1,,\.I 

, JI "" "" 1 , ti "" ,_Id o , " ,l "" ..I """" : 4 "" 1 , """ U9ltlll9\1JFl\.ll'U\.I l1 \.19\1Jlfllfl\.I 11fl\l::l'll 'Hl\.IOFl\.ll'IQflNff1J1Jfffll11l1'3 l'IJ0'3\llflFl'Ul'U\.I l1 'W9\1J 
ti 

ffU19\1l1Ufl un::iJ'3fi11tl'Na9ltl'wcri'jjnn'HAi1\l'3iifl~1tJ (~WWi'9lU ft"1Sqf ,'Vt\tl1V, 2538 : 11-12) 

1AQAtJ~11jjjfl111Jl'HUtJ1 (Non Plastic Materials) 

1AQAtJ~11mfl11JJmilv1 1~url itu 't'lntJ un::&d111~~h"'l~odluiil,,0'30flfl 1"11ff° 

1 .., ti ti ... , 0 .... ti , i 0 ~ ,, "' ... ..;, '"" 

( fl1Jl1 lfl'M1'3tl, 2538 : 26) 11Jf'3 \.lfl11't11l11Jf'11Jflff \.11J1'3flH\l1'1J'l..l9\0'301fttJ19lQF11Jl1 1J1Jfl111J 

"" ,, , ' .l ... JI ... ' l'H\.ltJ1l,,11J1Nff1J \.lff1\.!Nff1J,,0'3l\.IOFl\.IV'11tJl'U6'3\llfl11 
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, , ,,... """" ... ... 1 " d 0 , ,, ... ., """ ... J ,~' 1. 'Wfll'I 'Jffl'W'Yl1Jfl111JL'H'WV11Jlfl'11JU'W1 'W1J'Ylt:'Yl1 11NftflflWCfl1Jfll'I'Ufll1.JV1 tHlV 

'I:1111'3fll'IU..f '3un:flU1N11dfHtlflfl111Jn:16vft'UtN1d'oA'W fll'I1~1J1flQA'U~,,jijfl111J111UV1 
1'1iu V1nvn1111"Iri'1i1vnflilqJ111iil'-3fln111~ . ,, 

2. 1flQA'Ufl 1,jijf11111111u v1m'3i1'1i1v'ri11 if yfltyni1'Uo'31uoA1.1ijfi1nfliH 

't'tO~t:nrln 1~11 A'W~'3ijfl1111'U;ifV1iq '3111m-rh i 'I ~~'3~11~uio'3Nffll1°flQ~'U~ 1ij 

4 4 I .l I ! "°' .... 4 ... 4 
1Jfl111J111'WV1'Jf1V1Jlfl'U'W1'Yll'W'W ('I'WV't't9tl'WlfJflff111fn'I1Jlfl'I0'31flftO'Ufl'W1Nlfllfl111'WO, 2538 : 13) 

Giiifi'1(Silica) 

Giiifi'11~'Wffl'IU'I:flO'U'I:11-:i1'3 Silicon tl1J Oxygen ffl'IU'I:fl01J'U0'3Giiifi'1t:'I11Ji1ti'U 

1flQA'U~1'3'11Jlfl1JlV 1'1iu A'W iiuf1u"'1 iiu1~V111'!1Jl'W 'Ylln~ (Talc) 1~uiu Giiifi'11dmhm1it.1 

, ii/ ~ I '°" QI </ O , ii/ "" °' </4 d 0 ii/ d ~ 1 'J! - !':! 
'Jf11J'Wff1'WNff1J'U0'3NftflflWCflt:'Yll 11NftflflWCfl1Jfl111JU'U'3UH 'Yl111'Wl'Yl11J'W f1Hffll'31JJW'U ,, 

tl'I:~ '1 m '3tn:t]fliJo'3ti'W fll'I fifl1iiv1'U0'3Niifltl' w lfl1 ~A 
lm-3nf1'3'U0'3Giiifi'1 1uo:f!Oll'U0'3Giiifi'1t:tl'I:fl01J~1v Silicon un: Oxygen ij 1ooou 

(Ions) 'U0-3 s+4 un: 0·2 fll'IV'U~1':ijGiiifi'1 1 ~oooflGittu 4 

...... 1 "'"" 11Jfftfll1'Ylfl'I118fl'IO'W (Silica Tetrahedron) ( fl1Jft rn'l!l1'3fY, 2538 : 27) 

m"I1t.lgvuut.ln-3lm'3fff1'3'U0'3Giiimt:1t.lgvuut.ln-31~u no'3afl'l!IW:fio 1 m '3fff H 

, , " ... 1 , " ...... ... J... - •"" - • .... fl'IfllV 1Jfl (Tridymite) un:mn fl'Ul ftfl (Cristobalite) CJfftfll 2 'Jf'Wfl'W1flflfll'I1unvuuun'311JO 

, ~i'1Jfl111J f O'W Vfl11V-30:fl01Jt lfl 1t.111-d-3,t.l1~'W nfl1t.111'311it'3 1t.l 11'3u~n:u 1J'U t: ff11Jl'I flfl-3 

nm't'tod1tl u'1i1-3f2W 111Jij11if '3 fll'I1tlgvuut.ln-31.Yurl'11 Vfl11 Giiimvu11o{oiu (Silica Inversion) 

Q Q "°' d. p QI • fll'I&flf'IO'Wl10'I'Jf'U1J 2 U'U'Ui'l1Vfl'Ufl0 

1. 1tiftm'I 1t.lgvuu t.ln-3 Vflt1V'30:flo1J111ijofi1'31Jlfl111v11 ~ oon11Vfl111tiftm'I1t.lgvu 

ut.ln-31uu H t:1fiflfiunm't't1~11 U'v1fl 

... -•"" -• d ... .... ... ., ... d ,, d 2. 1flflfll'I1JJftV'WUuft'3U'U'U'I1'11'I1 1't'tV'3Uf11Jfll'Itn:'Yl'Utn:1'YIO'W't't'W1i:1't'tV'31nfl'UOVfl . ' ,, . 
t:1tiAm'I 1t.lilvuu t.ln-3 m'I 1t.lilvuu t.ln-3u1111u n1111"I ri'ri11 if fla11fiu nm't't1~111 ~~1v fio Ytf o1J'n 

t:fla11nm't't1~11 i~1n110 

flntt.lgvuut.ln-31flHfff1'3'Uo'3Giiimu1111fl;n lflm in~ tfl1 v111~t1flmnhm1iiuufi'1 

11 ~O'YI 'Ilt1ufi'11 UNff1Jtl1J ffl'I U'I:fl01J~1~'W i1ttf1V11 '3t.lnrn mun:11ft01J1~'W'U0-3111ft1~f2W11 IJij ,, 
i,jq-3 ffl'I't't1f1Uij'fl 1fufln1Giv11t:mfl iCJfA° (Cao) t.l"I:mw!ovn: 2 'ri1lif 1fifl 1f1Hfff1'3fl;ff 1fl 

1Jl in~~11ft11Jfl11iiu11fi'111~6'Y111UL1fi'1 1'Wf2W11f.lijL-Wv-i 200-280 6.it'ClLCJf~UOion ~t:Lflflf\11 

'U01fli1,~ 
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... ... 
flW'IUJ1J 400-500 tHffll'Jfi'llOJStJff 

1RqA11~1iJutY11tJ1::no114llo~Oiam un::1l\'Oiamq~ ihrn1v'tl'utti1vnu iiurl 

" Oia1J11u~ 'rlnv m1tt i;u1;iv111'41J1u 1flu~u 
" . " 

i;u1;iv111'41J1u (Quartz) 1iJuu11Yi1fittt1nm1RnNSn,,o~Oiam i;u1;io111'41J1u1iJu 

1RqA11~1lforamq~1J1mfiu!oon:: 99 jjfl1111rl1d11l11:: 2.1 1fl11no11n::nioi1 1,110 fNt'fl 
... ... d 1 J! !Ii I ...... !Ii .I ..I 1 ... ti ti 

lOJSfUCIJftJff 1lfl111JUl\I~ 7 flHff11~llJU'1~U'Hff1111lflllJUlIJ 6 &'Hi'ltl11 ( fl1li'l 1'fl\11~ff, 2531 : 22-

" " 25) 'Utlfl\l1flU m111'rlt11ff1tYflf(2531 : 140) o~mh111 Hu1;it11'H'4111'U (Quartz) un::'rl'S1tlU~1 
!Ii .I '"""" ..I"" ,I , "' .ot d ., "" (Silica Sand) llJUff1'Su'S::fl01Jl\ltl~CIJfi'lfl1 'rllflfll\l'U U1i'S'S11111fl 1lfl1111Ul\l~UH i'lt11!1W::4UO~'HU 

" . " 
1;io111'4111uYil1111utJ1::rnt'f1rm jj,;~,,ilfl 1ff ,,11;uiirnm::u'tl'11'l 1uflflff111m111 
• " ... ,-'!... .r ,l ... " : .. " ~ Lfl'St>~iluttu&Fml:: 'l'HUL4llt11'H'4111UNtY11'111ut>ttuiluua::u11flnt>11 ut>nt1nuuo~i., LU 

flfltY1'Hfl'S 111u~1 1m::flfltY111m11J1'flqnu 1li 
o .. ,f ,. I o ,l • M .! , 91 ,l • M '"' d !tr 

fll'SU1&tl1'HUll\ltl1'Hlj111U uNff1l'r11&UtlflUIJU t::ll1 'HlUtlflUuU1Jfl1111Ul\l~UH mu 
" " . lfl1~iYf1dlt>~num1fitt1iio1un::m111tti14lltl~Naflnwcrl' utlnt1nuu6~1tJaoufft11l11iJuu~1'ti1 

1lf NaflnWcrl'jjfl111lU~~ un::'ti11lf1if tlNafltlWcrl'l tJ-j ~Uff ~ii 1fNff1llflnt11JTI11 lf &flat11Jjjfl1111 
d I .ot !Ii J! .ot QI .ot.l Q .r !Ii QI ... d, ,, ...... 

Ul\l~UflH 1lfl111lllJUUn1 1lfl11111l\JU11111fll\IU Utlfl\l1fl'HUl\ltJ1'H'41J1UllJU1flQft1J'rl 'HCIJftlfll 

11;q'rltq~u~16~jj-)91qA11tucitin~1lforamq~1iurl m1ft (Pebble) HU'rl'Sltl (Sand Stone) 'rl'S1tl 

" " ...... (Sand) 1'flqArn'Hri1ilu11011111fu'rluHu1;it11'Hlj1llU 1i u9if1111111;q'rl11 1u1Yi11ilt11J 1mri~ 
" 1'flqAm'Hri1ill1111it1ni~111ttiu'rl1ii 1::t10~ ff~\lfll <1n1Jn i'ni!i'1~tf. 2531 : 25) 

...... ....... ,ti, ,ti ,ti 
19lQft1JfliJ11GJStl111 U9l flt.11 U'rl un:moUAlQ OJSfl (Silimanite, Kyanite,Andalusite) 

1flu1'flqA11~ih111tJ1::no11\ltHtlQiiu1ua::Oiam jjri1utJ1::no11'rlH&fljj,,..,;jounu u~lfl1~iYf1~ 
I QI 

Uflflf!HflU 
" ,l " 1flQA1J1umj11ililt1111f1iJuri1uNtY1llUtlauilutJ1::lfl'rlUU1U1li4h lYU lf1lTitJU 

ti Al '!'ll!A.IJ!I ... • QI , •• I !Ii J! • QI ... , I J ... 
'SiltlUfl Utl::flufll'W LTil11UHq~'ll'UAOU"!Ui'l::1flQ'r1U TI llJU~U lUfN111\llfl19lQfl1J UfliJ1JU11 

a-11tJ1::no11\ltHOinm ua::0Qiiu1tt ~a-11111 il'rlUfl1111f ou 1 i~ 
... !Ii "' ... ..I, ,, , ... ti ... ..I ... ,,,( 

tlQ11Ul (Alumina) llJU19lQfl1J'rl 'tl'1J1fl UflfltYl'Hfl'S'J1JlCIJ1'11lflff tlQ11U1fl1J'Sq'rl11qn:: 

1it1mdfloi'ui11 (Corundwn) Utlflt1nif ut:aiJu1d~iifl111111;q'rliw~n~1J1t::1it1n 1Jtlfl 

1C1Jtfi' (Bouxite) 1ttotYut>f (Diaspore) ua::fitJil1'11'~ (Gibbsite) tJn~..t1111t1Qiiu1•::jjtlg 2111 fffl 
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lthm-3 oc vfo!11 m,: y vfo{11 (drni'uvuihn~vd1u11.l vfo!11ih!vvmn)vunu1~vdlu11.l 
IVV-3 vfo!11 \l:ihn'.i1.l'.i:flvu1t1v-3lCJt~nvdli11rlu1'~qnu1-W1ii1~1'Vf'.i1:1~nrnvm1:inv~1 

~1vv1-31.Yu Nap.1 t.Alp3 ~WMfJij·trnv11n:n1v1.l'.i:mw 500 v.:.iff11CJtn11Mmr (930 v.:.iff1 

'ri11'.iu1sA) vunun:vg1u11.l1t1v-3 y .Wv{JJ 1u1dvm111.11i:n1lf~tuM1Jijtl-30-3 1,150- 1,200 v.:.iff1 

1CJtn1G;vn (2,100-2,190 v.:.iff1-ri11'.iu1sA) \l:11.lgvu1rlu11.l1t1v.:.i oc -Wv!JJ i~ 

1.1so-1.200 ·c 

y Alumina oc Alumina 

VUij'lJ1~Vd1u11.l1t1V-3 y 'riv{JJ iifl1111tl1'3~11'Vf1: 4.00 

VUij'Ul~Vdlu11.l1t1V-3 OC 'riv{JJ iifl11lJtl1.:.1~11'Vf1: 3.5-3.9 

vunun:ii1AMnVJJn::n1v1u~tuMfJij 2,050 V.:.!ff11CJfn1GMVff (3,722 V.:.!ff1'ri11'.i'U,8A) ii 

fl11lJU~.:.10.:.I 8 (Mohes,scale) flQij'Ul\l:U11iJ1f'tu~~ff1'Hfl'.i'llJ1~Q'n'U ,oW ~IJ!ffl'Hfl'.i'.ilJlf11v.:.iifl 

Q (Abrasive) ~~ffl'Hfll'.iJJ~iJmw1-Wvhm.:.1~-31rluiu lu11nJJ11"19iflvi'u~11iifl11JJu~.:.1111n 

V1H:vglu1'll1t1v.:.i'nnvv (Gem Stone un: Ruby) iiffl'.iU'.i:flVUVVfl 1CJt~1t1v.:.i 1nM:~u'll:'lluvg 
d ,, "" "" ... "" ... mnuvv lJ1AMnvJJn:n1v 2,050 - 2,240 v.:.iff11CJtn1CJtvff vu11u111f1111n~vv (Inert) un:nu 

VQfllVllUV.:JmAun:Al-3 i~A U~ffllJl'.iO'ti11.lgnlm i~A01Jff1'.i~l'Vf1fl Fused Caustic Alkalies ,, . 
n1'.i't'f 1nil n1JJ 1'.i o'ti11.lgn; v1tiuvunu 11ivv1-3.f1'1 n1'.ifi m111'.i o'ti11.lgn; mtiu vu nu 1tiv u v 

" .. ... -·· " 0 _,... ... ,,1"11 ' ... ... UlflCJf (Borax) un: Sodium Peroxide VUJJ'IJ111''UA y nfl'.ilJ \l:l:'n1IJt)flW1 " l1fl11V\)1l'U111'1Jfl ex: 

-Wv{11 

2Na.Alp ----HiO (Sodium Aluminiate) 

1CJt1;ivJJvuij1u~1rlun1'l"~1iifl.:.1~1 (Unstable) \l:li1iJgnlv1tiuf11!uvu iAvvn iCJfA~vd 
1uufl'n1~~1v (~.:.1~1vd1.:.1ffJJfl1'.i) 

vun1uvJJ,8A'.iflfl,CJfA fflJJ1'.i01,liv111f!uvunu11~AVfl1'.iU111.lun~tuMfJij 1,000 

V-3ff11CJtmiMvn~u 11.l 

1,000 c 

2.Al(OH)3 
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fl1'j~flNnfl,,6~lf 'UOflU , 'UU':iZl't'lffhw 'W1J6glu-Huumu~,l'Wfl1J1 ,..,~ Uft::u11fi~, 11qj,,6~U'Wfl 

111 ,..,~ 6g~i~111'An'1f1Jl ,1;fv~ 1111i,m.i86~ff6'U,fl1qJ'1'U'IJl uft::~1fl . 
.c:. ... I .cs.ict.Q !!1 " 11'Uu':i:ltl't1't11J11'UTI'U1J1 (Feldspar- bearing Rocks) 

11111vil~-Hu~ii-Huwu~11i1uti1utJ-:i::fl61J i~urlntj11,,6~1un~aui.iu~ (Nepheline 

Syenite) ~~1i1u-Hu~tJ':i::fl61J~1v -Huwu~1 ltJu91ff im:: 10JSA1 tJn~1u'"~au1•iu~ ii1uu~~ 
111tl1fl q91':i't11.iLfliitfo NaA1Si04 11ft61Ji11~~1tlllft:u1htem'W1tJ1i1u1d3u ,~~ltl ff11J1'it\ lf 

U't1'Ulf'UW'U~1,~ 

1'Wn111 ,..,~ 1rlu-Hu~lif-Huwu~11m:f116910Ji' rl1utJ-:i::fl6mrlu'W1n-Huftu~1 1tlu91te 

1m:fl16910Ji' "fl'1Zfl1fl1':i 1Wfl6f)fl'11flflUUftZU11J1, f~1u1rlui1'11tJ 

fl6f U'1fff 191\.1 (Comish Stone) ii1u1'Wfl1J11't1~~'VmlutJ-:i:1't1ffO·mq'l!I tY1'UU':i:fl61J'1:ii 

: .... ,, .. " ... . ... ~ . "" " 't1~11uwu111 111t11,fl169111JS 1m::11m,,6~'"~66':i'U11J'Uff1'UU':i::fl61J'1~m'1'W1J '"~ 16ffU1':i ,, . 
(Fluospar ), 1 't1UUllJS (Topaz) tJ:tJu6g~1mm:'11m11~um~li1i1ui1~1fl'A,,61J1,,91fl1':i 1 f ~1'U,,6~ . ,, 
fl6f u'1fff 191u 1i16~'11flm':iffft1vi1,,6~-n~66l'U irluou91nv11i1fiv~u~~6Nn91tl'wcti'1..i1U'uii'~ 

fl'j 61JfllJ11, tJil.i1'91Q't1'U, '""6~19110fl~ 1tl 

6:tmf1.., 1'1f~(Anorthosite) irluifu~t.h:fl61Jii\'1md oftiu~ (Albite) 111fl ifuwu~1 

10JSA1 (Soda Feldspar) im::6:'U6ft't1~ (Anorthite) 1116H'UW'U~1UflftlG]fv11 (Calcium Feldspar) 

.d ~ Q,I .Q QI .Q Q,I "" " d 1111J1:ff1J't1'1Z11J'U191QAuth11':i1JNft91flWcrtl'U6U6':i'Jf1ft'UU':iZlfl't11N11':i1 (Fast Firing) 

i11m (Mica) ii1u1d~iinn'l!lw:1i1umJu 1fiA~11Jfl1Jfl16910Ji' 1m::ifunu~1 luifuoflu 

..t11tJ i"1u Ufl':iU91 (Granite) UftZl'Wfl1J1 ,..,~ (Pegmatite) ~ij'fl'1:'tlAa-iii 2 'lfUA fl6 ij'ff 1fl i1fi' 

(Muscovite 1116 White Mica) im::1u161't1~ (Biotite 1116 Black Mica) ii1utY1'U~'1:QflflAif-i 
66mi16~'11fliifi~1;6,Ju,,6~1'Hgfl ~~ 11i1i1u~~6~fl1':i,,6~~1u111JS':i1ijmf1Av..t11tJ u~~1~iim':i 

't1Aff61JU11J1, f U't1'Ulf 'UW'U~1 , 'U091':i1ff1'UU':i:1J1Wf 6t1ft:: 5-25 1um':ifl1Nft91tlWcti'tJ-:i::lfl't1 i-n 

~116l't1l't1\.1111l (Earthenware) 'W1J11"11t1l'Ufl1':iftA,AiJfli1,,6.i1if6Nft91tlWcrt"1~ 
ffU6~iiu (Spodumene) 

~ 1.d.cs.Q 4 ~ " ... I I 4.4 4 .Q .ca , " 
11J'UU':i't11Jft1't1tl1J11J'U6~flu':iZfl61J6gq~':ilf11Jf16 L~O. Alp3 .4 Si02 1J ftl't1tl1J66fl llJSA 

(LiO ) f fltift: 8.0 ,6~jju1 (~03 ) f fltift:: 27.4 im:i;;iim (Si02) f flt.lft: 64.6 1Atlfl1H::ii . ,, ' " 
111JS1~t11J (Na)~l\.11\.llgfl\~ 6t11f 1 i UU't1'UTift1fltl1J id il1i1u u ~lil ft u fll':i Nff1Jfl11i16Nft91tlW cti' 

.... " A .... 4 ... ... .... A I ... ... ,:J!... "" .. !'!"I 
111JS':i11Jflff l'U6~'11fl ftl't1tl1J (Li) 1Jftfl'l!IW:'W1ff'l!I 2 u':iZfl1':ifl6 11ft61J911 "1A1Jlfl V~ 1'Jf l'Ufll':iftA,A 

11ft61Ji1,,6~ld'6Nft~tlW cti' Uft:: , if ti1m':i,,t11t1i1~11J1fl t~, ffi11d'6Nft~tl'wcti'l 'Ufli'11Av 
,, 

ff11J1Ulff1JNfffl111Jf 6'U, ~ Atl91':i ~ idu i'A6g1 unq111~t11fl1J11 tlfl 
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1 1 , .. ~ -• ... ... .. ., ... .. 
A fl 1J~(Dolomite )11J\J ff11u1::fltl'Ulll tl~U1Jfl\J l 4lfV1Jfl11'Utll \J ~fl'UU fl fll41SV1Jf111'Utll \J~ 

..:l c&.4 .d. I o .CS d 0 ~ ,jlllf 
1l"J~H11~lfl1Jfltl MgCa(C03)2 1Jfl111Jtl"H\l1l'Vf1:: 2.8-2.9 1Jf1111JUlll~ 3.5-4 \J1fl111J'HJV V>ttl~ 

... , ,/ _J!~ I .I ... fl : 4 

1,700 tl~ff1l4lffll4lfVff (3,092 tHff1W1l1\J SA) 1'JU1J\Jff1\JNff1Jllltl~l\JtlA\JU\J \Jllflfltl'UUfl:: 

., ,_ .• 4 ... , -• ... .,,,! 
1~Q'Yl\J n 4lf~1Jff1\Ju1::fltl'U'YIHlfl1JA~\J 

CaC03 f t1vfl:: 56 

MgCa(C03 ) 

(Dolomite) 

---- Cao+ MgO+ "20 -+Ca(OH)2 + Mg(OH)2 

(Slaked dolomite) 

d ,jl I 1 1 , fl Q °' .;, I ... ... 

\l1flff1Jfl11\l::mu V>t11 A fl 1J~\l::&11Ju~o~1~~u~~on1fJ1J 500 - 1,000 t1~ffll4lffl14lfVff 

1uiuw::~~W11tJii 500 t1~ff1&4lffl&tivff U1Jflu&tiv1Jm{ut1&\J~l~1Ju~oi1&~\JU1Joihtiv1Jt1t1fl i4lfA° 
.cl o' • QI~ cl , .. .Q, .. ... 

Ufl::Uflf114lfV1Jfl11'Utll\J~\l::l11JU~fl~111J\JUflfl14lfV1Jtltlfl 4lfAl'J1J \J~W11fJ1J 900 tl~ff1l4lffl10JfVff 

.. ~ -• , ... ... ....... ... ..... 
'Yllflfl (Talc) L1J\Ji111u1::fltl'Ul\ltl~ SlA'J'Y\ U1JflULOJfV1J 4lff1Lfl~ 1J"l~l'Y\1~Lfl1J fltl 3Mg0. 

4Si02 &~u1~QA'U~iifl111JU~~ 1 iifl111Jti1~,J1&Vf1::1::1111~ 2.6-2.8 &~u1~QA'U~11Ai1U't1v1J1fl 
tl1::1J1W 4.5 x 10-6ii~A1'1fl()1Jfl::invi11,490 ()~ff1lOJfflLtiVtY(2,714 ()~ff1W1l'rn1sA°) 

3MgO f t1vfl:: 31.8 

"20 

f t1vn:: 63.5 

ft1va:: 4.7 

.. ... A - • -• .,1' I .. d , .. ... -1 ., , ~ " 
'Yl11'1fltl1\l\l::1Jff116\J"lu::u\Jtl~ V>tUfl 6~1J\J1 l'l11'1fltltlfl OJfA 11\J\l\J tlflfll fl 11J\J~\J 

.. , ... ... : , 1 d ., .;, ,,,. .... 
l1JtllN1 \J~W11fJ1J 900 tl~ff1l4lffl10JfVff \J1 \J 1Jlt1Qt'1fl\l::ffti1V~1\l\Jfl1::'Yl~tl~~W11tJ1J 1,300 tl~ff1 

"' "' .I""' .. ., A ,1'., " ., ,,! 
lOJffllOJfVff ff11J11tlllllV\Jul)fl'iV1fl11U~fl~1l1Jtl V>t'J'Ufl111J'Jtl\JA~\J 

900 °C 

3MgSi03 + Si02 + "20 

1 ., .. .. 
( fl1Jfl 'Jfl1:11~ff, 2538 : 38-40) 

&li'1m::~fl (Bone Ash) 

&li'1m::~o'H!t11uuut1'1f&~u1~QA'U~1f,~'iv1J&d't1A\Jdu1uu1'1fu1 lAmu'Vf1:: Vi11Jn10 
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'ritlflflff1.h{ (Fluorspar (Fluorite) 1f11..1ff1lth::flfl1J'llfl~Uflfll&Jiv11fl'1J'ritlflfl1 Ht ( CaF 2) ii 

" U1l1'Ufl l11mfJfl 78.08 ii Cao fflva:: 71.82 , F2 fflva:: 48.67 iif11111ri1~~11'W1:: 3.2 ii1A'Hflfl11 

a::mv~1 1,360 fl~ffw11m&Jivff (2,480 fl~fY1'ri1111..11s.l) iifl1111u~~ 4 ff1111rna::a1ml11~~ 18 
. " ... ... ... 1"..s QI , ... 

fl~fYWlffllCJftJff 0.0016 g/100 ml Ufl::'YI 25 fl~fY11CJfftlCJ1Vff 0.0017 g/100 ml 'lfri1'Hl1JNff11 1..111..lfl 
" . 

A1..1iJ1..1ua::1flafl1J'1::fi11111'1n1fl1..1~1,f1v11afl11a::a1v (Flux) u~d'1111fl 1fNff11l1..11t'lafl1J111fl'l 

o'I""" d "111' .o11 o'I,,"" o ...... .o11 "111' A 'I 
mH::'Yl1 l'ttlflflll'll11 (Pinholes) ltl 'Hlfl mtt:'Yl1 l'ttlflfl~111U1JUN1lfU\tl1J ltl 11..ltl~tlfl l'l..l'lltu: 

... all I d 
lN1'1::11Uflffflflfl111flV1~11Al'i1 

U11flU1CJffl Magnesite (MgCo3) Li~um11'1::flfl1J'llfl~ Magnesium Carbonate jj MgO 

fflva:: 47.80,co2 fflva:: 52.20 1f11..11'~QA1J~'Yl'l..lfl1111ffl1..11~rJ~o~ 1,600 - 1,800 fl~fY11CJfm&Jivff 
(2,912 - 3,212 fl~fY1'ri1111..11sPl'> m1111tlu111'1f\1..1~11..1fJ~ff111m1111'~QY11..11'ri1AA n'1111fl lf 

1f11..1n11..1Nff11'llfl~1flafl1J'1::1flu~1,f1vaflfJW'HtJii aAtY'111.h::iY'Yli'llfl~m1'llmv~1'llfl~1flafl1J lf 

.: Q J ... I ... QI 4'!1 -• Q ... , o' Q , I ...;.,. Q ~ ,, Q cal 
Nff11l'l..lflA'l..llJ'l..l'1::11Nftl'lf'UlflV1fl1Jlflfltl1J1Jfl~U11fl'l..I CJfA'1::1flA 'l..IU'Hfl~'Y11111UTI'l..l111llft::'H'l..I \11..1 

u11flil1&Jiv11m{1Jflt'l..l~'1::1~11u~fl~11f11..1u11flil1&Jiv11flflfl 1CJ1.ll1..1fJW'HtJii 1,500 fl~fY11CJfa1&Jivff 

1,500 C-1,600 C 

MgO + 

U11flUt&JitJ11flflfl 1CJ1A (MgO) ijfl1111tl1~~1l'W1:: 3.65 1A'Hflfl11fl::fl1V~1 2,800 EHfY1 

" 1CJfm&Jivff u11flil1&Jiv11flflfl 1CJ1A'l..lflfl'11fl 1~111'11fliY1..1u~uft'1v~1~;v11 i~,1flu1Y1::m c1fl11a i'fl11'1~ff 

'2531 : 56-59) 

ff11l11::flfl1J'llfl~ 1 CJ11Av111 l1~ff1&Jiv111m::a1nv11 

1. ff11l11::flfl1J'lltH 1CJ11AV11 1f11..1~1,f1v'Hflfl11fl::fl1Vff1l'W1fl0ia~1,~A ff1111ltlflA1A 

" " 'Hflfl11fl::fl1V'llfl~·a~1l1f 1f11..1u~1,~1flirn~1~A ff11l11::flfl1J'W1flUUU~flflfl ,~~~il 

1.1 lflftflUfl~ (Sodium Choride) 1fl1..1ff1111'i::flfl1J'i::'H11~ 1CJ11AV11fl1Jflflfl;'l..I 
" . 

(NaCl) ff1111ltl 1ffi1\l1tflftf11J ,~,;Vflfl\.111 "Salt Glaze" 1AVflU1lfl11flftflUm 111cifl&~1 l1..1,ffl~lN1 
, ,, , ...; ... _. ... 0,,, ... 
1111'1lfl~l~11N1 (Fire Box) 'l..l'IJW::'YlfJW'HfJ111Jl::111W 1,050 - 1,100 fl~fY11CJfftlCJ1Vff '1::'Yl1 'H1flflfl 

um1nAm1u~fl~1ffft1Vflfl1mflu1fl1 CJftAV11 '1::tmfl~1flflflt1flfl flfl; 1..1 1 CJftAV11'1::1 l11m::~Afl1J N1 

Na~.flwcri' rl11..1flflfl;1..1~'::'i::mvfla1mf11..11fl 111 11..11dfl lCJ11Av111f11..1~1~fi11111'1~1f11..1 Flux '1::111 

o ... ... QI ... ... QI o'd ... ~ .o11 .l ,1' A .l ... QI o' ~ ""' 4 ~ 
Y111'nflW1fl1JN1Nfl~f1Wcrtm1::1flA11JUlflflf11J'IJ'U tl l'l..lfl~11n1m'Uf1Nfl~f1Wcrtl1J'UA'U CJf~l1J'U 

_, 4 .,. QI ... ~ ~ QI t A .,. 
ff111Jl::flfl1J'llfl~ Aluminium ua:: Silica CJ1~11fJWff111J~l1J'Uflfl1~un::m1..1mA fl~'U'Ul11fl11 

ff1'UNfl'11'1lfl~ 1CJ11AV11~~,ri'Uft1~ ff1111ltlTI111f1nA1'nfl~l.lllfl'U1flftfltJ,~ 1dfl~Vlfllflftfl1JV::ifl~jj 
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... ... ' ~ ..;... ... "' 1.2 Sodium Carbonate (Nft:iC03) GJl~l'Hlfl11 Soda Ash llJUft'11Yl1Jfl111J1J1ifY11i\l~ 
!fl I I .ct ,~ : 4 Al 

llJ1..lfl1~fltl1~UH ft'11J1UU'11tl1J fl'11flU1Yl:an 111fll'11tl1J'11fl Ammonia-carbodi Oxide Process 

1rlu1'~Qttu~11tl1iiiu'W~ a:anmi'1i~ 1f1rlud1uNft'1J,,t:1~1ttavuil 'ti111U'1~1flu Flux 
ti • ti 

u t:>fl'11flU\J rr11J11flu1it.11f1fl1..1i1Ji111U' Trhrl1..1i1'ti11 tr m:: •1t1 (Defluculant) 1uu1rratl i ll1t1 

mnhun l 01nRt11Jm!ua11..1" it11fNrr1JJ11flavu1tril~m;l fl1n::1t1avurrm'W1tfitlag11..11tl11a~ 
ti ti 

Frit 1Ttn::a>u'lfUAun:rn1r.11h il;t 

1.3 Sodium Nitrate (NaN03) 11!a1;t1fltiu11 "Soda Niter" 1rlu1''1Q~1J~nmu'Yt~ 
fl11 l 01nRt11Jfl1l1Jt:>L1..1'1 1f11..11'1Q~1J~1fl1..1 Flux vv1~~fl1n::u1it1l'hltfflglu1tl11tH Frits 

• ti 

n.rnn1mrlurr11n::n1t1i11 ii 
.. .. ... ... ' 

1.4 1.Jtlll'rn'll Borax (Nft:iO.B20.lOH20 111{1 NazB407.lOHzO 1J'lft)fl1~lfl1J11 

"Sodium Tetraborate" ihtn-ww::1rluNafltt1"1t1'lfl1JN~'lf'a' 1rlui14ti1t111a61Jft::n1t16d1~uH ua:: 
ti 

1flu a-1u1::a1t1'll1 ii 1rlui1'ti1tlgfl; t114'i1t11tf1nfluil 1rlui1,S1v'ti11tf 1fla6u i11ai1 il;t ll1111fl 
ti 

U1, t1Nfl'1Jfl1JU1Lflat:>1J i-n\l ~tl1::1J1W iii1nuf twa:: 10 •::n11flN1lflafJ1Jijfl111Jll tl1J"\J ua::ij 

lamn1nA1ov11~1J ilU'ava~ 
ti 

d1u1h::mm11tH Borax ijfl'~u 

Sodium Oxide 

Boric Oxide 

f t)tlft:: 16.3 

f flt1ft:: 36.5 

Water of Crystallization fvva:: 47.2 

m1i11m1 Borax it11fNrrJJJ11flaau1tl'ilNnAfl1n::11.Jav1..1um'Yt1tf1flu Frites 

1do~•1fl Borax n::invJ1 ii ll1111fl•::1l11m Borax 1J1Nft'1J°ti11fla61J~1J ~ft'11J11C1'ti1 i'1At1~l11 
ti • ti ~ ' ,, ,,: .. ... 

i111flaou 11..1qw111Jii~1'1 m1Ji1i111tlaautiu1f Borax m1..1rr11..1Nft'1J'::""~'ti11111..111fla6u1J 

fl111JL.a'1J.a'u~~'1 •~•::ii Na A 

1.5 Cullet (Approximate Composition 0.5 Nft:i0.0.5Ca0.Si02) 1fluunm/{111111JA1 

~~ i '1J1'11fl'U1Am::vfl 11!661'1v::1f1ff-wu~1u111f1tl1::1nJ131..1 'l~ i I u9id1utl1::nou v::u111n9i1~ 
"' ... O J! • f , t 4 t ..; I "' O J! t ,_J! fl'l..I l1..lt:J~'11flfl11\J1Llfl1IJ1::lfl'YI fltl61J'1::1Jft11..1Nft'1JYIUl'lfl'11~fl1..I fl11Yl1Llfl1ft11..11J1flt:: "JI' 

ti 

ff1\JNfl'1J'U6~ Soda Lime tiu Silica 1flu11af1 Lff'WU/{1rr11J1'JflU1l{l1,tl1JANft'JJ°ti1U1Lfla61J,, 
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1.6 Cryolite (N~AIF J 1fhJ1'~q~u~1flu Flux un::YITtn11~1flu~1fi1111'1nfliiu ,, 
( Opacifier) ff11J11fl1.h1J1Nff1Jfi11hiflft61J 1A' U~Uf.11J 1ffl'U1J1fl1'U1'3fl11f.l~ff111fl111J 1 n11:: 

• """" ..,,! A ".l 'ti 1"" ~ lfltl61J (Enamels) 1~Qfl1J'lf'Ufl'U11fl1U'tHl'Utl'3'il1fl~tl'3CJ1tl'il1fl~1'3 1Zn'lfl' 'ilZ'Vf1J1J1fl 'Ufl1'UUtl'Ufl 

ti ~ .... ... """" ...s .... ... .6 d 0 ,~ : 2. ff11 1Zfltl1J'U6'3 Potassium '1J'U1~Qfl1J'V11Jfl111Jn1flty'lf'Ufl11'U'3'Vl'U11J1 "1Nff1J'U1 
JJ I JI JI I I 

tflft61J ihi~nu1h::nt11Jfin::n1V1h 1A' un:: 11fo::n1f.lu 1 tflu1~Q~1JfifiTmr1fi1rlu~1'tf1t1nfl 

f.lW111Jij un::m'ilu11t11f1rlu~1'1i1voli1JiY Y1111f 1nAiY1JHiY1A' . ,, 
2.1 Potassium carbonate (~C03) 111t1tlf.lfltiui1 "Pearl Ash" 1i'lun11nn::n1mh1~ 

I ... .! ... ti .... A '" d " I '31f.I ff11'1f'Ufl'U61'il'i1::1Jff11 1Zfltl1.J~16UNff1J6~1J1~ltlfl'Utlf.I l'll'U Potassium Chloride un:: . ,, 
Potassium Sulphate m1fi'il::u11t11f.:J1uhflA'uufl11'il::fi11flu Frites 

2.2 Potassium Nitrate (KN03) 11l6'lf.lfl11 Saltperter and Niter d'rn1mm1t11f.:J1'U ,, 
Nff1ltflat11J 1 u1tl'U6.:J1fla6tJ~tJ'il::1rlu~1 Oxidizing Agent 1flum1n::n1vu11~ 

,, 
2.3 Potassium di Chromate (~Cr207) tln~1~Qfl1J'll'UflU'il::iiiYun::1flun11n::n1v ,, 

u1 iA' 'il::u1it11f,;,att11~'111t11~1Amu'Vf1::iY'lf11lJ "1'3 a,s6fl11JJ 

3. n111.h::mn..1'Ut1'3 Lithium 1flu-l'9'Q~1J'lfUA11'd'3~uuu 1f1flufi1uNt'f1J'Ut1'3tl1 

4 I ti ... I ti lfltl61J U~ff11 1Zfl61.J'tl6'3 Lithium 'ilZ1J11fl1\1'3fl11ff11 1Zfltl1J'tltl'3 Sodium un:: Potassium . ,, ,, 
ii1fiv11trlun11iiiiu111i!n l11mfJnU'6u 11i!n 6.94 1'ri1i!u m11f Lithium Nff11lu1tlat1tJ'il::nAm1 

'Uv1u~1un::1~11fl1111fl'3'VIU 1 lf uti1flat1tJ un:: V'-31flu 1'~Q~tJ~fi111U'1~ 1i'lu Flux 1'1iu1Av1n1J 
,, 

n11tl1::fl61J'Ut1.:J l0J11Av11un:: ltl~m'iv11 n11tl1::fl61.J'Ut1'3 Lithium i'iA'-3u 

3.1 Lepidolite (LiF.KF.Alp3.3Si02) 111t11lvni1 Lithium Mica 'il::i'iii1nv116df t1vn:: ,, 
6 u~luV11'3m1tl'1 (Commercial Grades) iin1nv11utif6vn:: 3 1'ri1i!u 'il::uv111fmn lu 

f.l~ff111m111u~1 

3.2 Spodumene (L~O.Alp3.4Si02) 1116 Lithium Feldspar 'll::i'in1nv116dtl1::u1w 

!6tJn:: 6un::n11tl1::fl61.J'UfH10Jt&AtJ1Jun:: ltl1~n1a'JitJ11t1dA'·w Spodumene 1rfu 

ff11'Vl'U 1lini6-3 'illfliiff11 tl1 ::fl61.J'tl6'36\1ij,j i1tl6!10J1u ~\1 '3 un:: 1 f &flu Flux Nff111 'Ulflftt:itJ ,, 
... I "" 

flW 111J1l\1'3l'Vl1'U'U 

3.3 Amblygonite (Li.ALF.PO.J 1flu1'~Q~1J~i'in11tl1::no1J'Ut:i'3a1nv116dtl1::111w 
ft:ivn:: s d'1111n 1.fNn11luJ11flftt:i1J'il::1flu Flux od1'3A fi1111'1tlat:itJiifl11111fluijuu11111tt.:J 



35 

i,,n:11ihn"Itl"I:mtl1J'lltl.:J Fluorine im: Phosphoric Oxide tid~1v un:1rJui1-ii1vlif1tlfttl1JlflA 
'II 

nuiihV mm:tfTHi'1JNffJJ1uu1lf•lfttl1Jn1J (Opaque Glazes) 
• 'II 

3.4 Lithium Carbonate (L~ C03) lr1u1'9IQA1Jna:nivu1 l~ ih;'n1:1w:1r1uNanir'Unli 

: "' ~ 1,J!_ 1 : 4 I 1 'JI : 4 ... .l ~ d UTHUt1l1J1 \l1'111t1 'lrNffJJ UU1ltlntlml:'lf1f.I 11U1ltlatl1J1Jtl111JU11111'UU l,,1Jtl111JU'U.:J aAm'I 
'II 

tJA.JJ'Uti.:J'Uti.:Jma1 l-iiu 1fNnJJ1uu11tlatiuNn9lfiwan tl"I:lfll'I 'JlAm111"I q'llfiwan Electric 

Porcelain lr1u~u m"I 1fn1nvJJmf uti1u91ff1JJ1"In 1.rt~i.:Ju~f tivn: o.5 ~ff1JJ1"Imh lif 1tlfttl1J 

i;vrnrJuirul~ nAm"IlflA1l~JJ 11'-w'tivn.:Jl~ (lnJJn i'n'tf1.:Jff, 2531 : 63-38) 

9l1JJ~un1'1f1m"I11n1vYi1ul~nrlno.:J1'9IQA1J~lflum"INn9l1tl~ti.:JUuAu1N1,,tin1tll~ 
• • 'II 

111'91QA1Jn1flum"INH91ltlltl.:JiluAUlN1UU.:Jtltlt1lr1u 2tl'I:ltl't'l111qjci flt) 
1. 1'91QA1J~lifl111Jl'HUV1(Plastic Raw Meterials) l~utlAU'JfUA~1.:JC'j AUlflA,1t1t11'I 

'II 

utl"Ifffl1,,'Utl.:Jlfu~ul11 (Feldspar) i1vntlgn;mil11 (Kaolinization) Au1r1un1"Itl"I:nti1J'Utl.:J 

f.lQij1ilt1JJtinm91 "Aluminium Silicate" (Alp3.2Si02.2Hp) 'ttlf.l foan: 39.8 Ati03 Joan: 46.3 

~ .d 1 .... ...... A I I "' A I A I I ~ 511 Si02 , rntin: 13.9 RiO OJf.:J umAu1inJJ'lf1911Jff1'Iu"I:nti1Jtlf.11.:JtlUC'ju:uutigmn't'lllJUff1l'H'J 
a! , 'JI... .. I ... .,( I .r .. P I !Ii 91 
111 11AU L1J1J'I1l't11i ff1'Il11n1U ltUlt1 Quartz ,Mica, Iron, Hematite, Flourite l1JU91U tltjflltl'Utl.:J 

Auli1tli1.:J1rJuufiu11m11~vJJ1i'Uu1A'1n 0.05 o.:J 10 lJJmtiu 1Amu~v'Uu1Atid"I:1111.:J 0.5 
'II • • 

lJJr1rnu Aumm"In~1uun911nnn1:1w:m:u1um"I1nA l~~.:Jil 1. Aun1nAtidfl'un (Residual 

Deposits) l-ifu AU'U11'I:Utl.:J AU'U11thtl1.:J 2. AU~ff:ffJJi1U1J1J91:t1tlU (Sedimentary Deposits) 
.. 'II 'II • 'II 

1fiAm"I1tlntiu~1v,1nu11rl.:J1AJJ lAa u1 aJJ u1u~.:J l-iiu Auutimtlnv 3. Au1nAu't'lunlu1i1flliu 
'II • 

(Hydrothemal Replacement) 111tim:u1um"I lflAUiAu 1 uliuutl"I~1.:JC')U11a.:Jui'Jfi1Ail,,urhmrl.:J 

uiAn ln~1'U1'Jf: l.:Jn l'U1 ll1u1n '.:J111'Aumu1vn 

A I 1 " ... 1,J! !II .., ""' 1 ... " .. ~ ... .: u'I: f.l'lfU'lltl.:JAU inuU191QA1J \.1~91-a'111t1'I'I11lOJfl11Jt1ffl,,tlL,,11tl1111L11Utl1'1ltl~lUtl 

""' ~ 0 1 91 .l A.,~... I ~ d , '1 91 ... I ,J! I 0 1 91 ""' AUuU 't11 11ff11J11fl'U'l..ll1J MA 'Jf1tll,,1Jtl111JU'U.:JUH 1J 11ll91t111t1t1tlUl'U1l911lN1 'lf1tl't11 11lt1A 
'II 'II 'II 

tlfin;v1"I:1111.:JJJ1nn1"Ilu1i1tiAuilu'llw:Vi1m"I1N1l~;l utin,1nilNn1nt1'Utl.:Jm"I1fAumilv1t1ti 
d .. fl Q ... , fl~ 4 I , Q 0 1 91 .: Q ... 

ff1'I,,1t1l'Hnt1tltlt1 LOJfAUn:'t1911lUt11Jtltlt1 OJfA't11'tltlutigmn UAU ':l11 11lUtlAU1Jtl111J4U1dnft 
'JI Q 4 .. QI 0 , 'JI Q QI "•1 QI QI ~ 0 1 91 

Utltln.:J AUL11Utl11Jtl111J11ft9111J1t1 ':'t11 11Nn91flWcr11J tlfl1ff11A911\l.:J11n.:J,1t1lN1UTI1':'t11 11 
'II 'II 

iiA1iiv1 l~~1tl Utlt1,1t1UAUV.:Jff11J1lflU1 ltllflum11rJui119iJJ (Filler) 111tii1ltlfttl1J (Coating) 

lutJ9lffTHm"IJJm:A11:1 Vi1n ,,n1n;in ~v vnhmrn.:J 1tl~ti.:Jd1m.:J 11iln m1111OJ't'lul~1r1u~u 

2. 1'91QA1J~l,jlitl111Jl11Uf.11(Non Plastic Raw Materials) l~url MU 'Vl'I1tl un:ui1i1~ 
• 'II • 

~ HC'j ntidl U l tl'U tl.:Jtltlt1 l OJriif 1 U ml Nn9IL0Jrnijntf u1.:Jtli' .:J~1Lrlu ~tl.:Jtl1fft11'9IQA1Jn l,jlir111JJ 
'II • • 

111i'.ia11.ri1mNffJJ 1 uri1uNffJJ'U6.:J1uf.lAutt1mua.:J91ni1 1um11 fAuJiiifl1111mi'.it11JJ1nciliuu1 
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'I' '1 ..; O , ,, Q QI ,/4 ... ,: 'I jl I I '1 .I\ 4 

& 'U 1Jl'I ti::l'I 1 'ti ~HWlflW Cfl1J fl111JAnJV1 l ~H 1V'l'::'tl 11\lfll'l' U 'ti \IUl'l::fll'l' lNll'U 6\1'11flfl111J '1:: lfJVA 

'\16.:i1if 6A'U m11~1J1flQA1J~11ijjfl111Jl'tlUV1 l.Vu nnvff11Jnfl.V1vl'IAUty'tl1~.:imh11~ 1flQA1J~ 
,, . 

11ijjfl111Jl'tl u v1m.:ii1.V1vli1l1f 1Attni1'\16\llU flA'U jj ti 1'1Al'l \I 1flQ~11tl1::mn 11ijjfl111Jl'HUV1n 

1l1J.J1lcf'lum1Nnfl1•nnmf~d1fl'ty i~uri ajfnm (Silica) f)an1..11 (Alumina) 1m::lii.i1'1..1i11 

(Feldspar) CJin/111rt6U l 1tllof1r!u ff11.J Nff1J'\16\I NnflftW an111n 1jjmf ti::fi1l1f NnflftW anjjfl111J 

d 0 ,, ..; ~ ,. '/! .!';! ti ,. Jt .., ... ,: ... .., ~ j/4 

U'\l\IUH l'l1'tl'U1l'll1J1.J &f1Hff11\llll'l'V1J 'l'::f>J'1 &flHfl'l'::~fllJ6\lfl'Ufl111JA11JV1'\16\INl'lflflWCfl l9'1A 

fl~nu1 1rlu1'flQA1J~l .fJ.J1n 1 u~flffl'tlm1J.J1•nnmf fl~nu1~111qniq .:iti:: 1~t11nu l flfli''U~1J 
... ... , ... ... ... d .. 

(Corundum) 6~1J\.11'1::1J1A't1'161Jl'l::'11V 'U~W'tlfJ1J 2,050 6\lfYllGJfl'llGJfVff 1Jfl111JU'\l\lfl\I 8 

(Mohes,Scale) fl~jjun::1l11 tll cf'l u~flff1'tlfl'l''l'1J1f1Ql'l'U 1li ~flff1'tlfl'l''l'1Jlfl~fl\liAQ (Abrasive) 

~flff1'tlm11J~tlmw"1li~1uH~.:i1ilu~1..1 1iu;:J1..1i11 1rlu1'flQA1J~d1fl'ty 1fn1'tlU'1~1rlui1'Hl'lfl1J 
, Q ,, , " Q JI : di 'I.JI t I ,:.., ~ 

'1::'11(1 (Flux) 'U~W'tlfJ1liJ'3 lorNff1J \.111.Jf)A'l.JU'UUl'l::'l..11lfll'lf)1J 19'11'1\lfff)\lf)(ll\I 'l.Jf)fl'11fl'U(l\111J'U 

QI I Q , ,, ... ..; 1tl ~ " jl ,I I ..; Q QI fl O , '1 Q QI ,/ 

fl1'r1(1lff'j1J 'ti lflAfll'l' 1tll'1V'UUU'1\I 11J'Ul'l.Jf)Ut11'\l'U'l'::'tl11\ll'llN1Nl'lflflW Cf) 1m::n1 'ti Nl'lflflW Cf) 

jjfl111J 1 U'l' \IUff \1~~'1..1 1m::'l.Jflfl'11flrl'v.:ijj1flQA1Ji1~\.l"l om.Vu1f!QA1J~TI1, ,f lflAfi1J, 'Ulfla61J 

QI I I 4 'I fl fl,. 4 'I , fl, 4 'I fl QI S , fl 
Vflfl16VHl'r'U A1.Jfl66fl &GJfA lGJffl'l' &fll'UV1J &Aflflfl GJfjit l'lll'll'UV1Jflf)fl &GJfA ff\lfl::nflflfl GJfA 

&r!1..1li.i &m::1AQ~1J~&il1..1i1 l1fifli.in1.:i&•nnmf vni16ti1.:i1'!i1..1 lfltJBl'l~vvn 1•A nv.:iuft.:i 

f)f)fl 1•A mgnflfln 1•A 1m.:imua-1Aflfln 1•A 1rlu9"u 

4 fl I I 4 " ... , QI I I 4 'I.JI 
't'l1 'W'l''tl1J'Wf}flll(2523 : 16 ) fl'11111 f1111A'l'V1Jl\.16A'l.J 'Uff1JVfl61.J ff1'U1J1fllAW1J &9'1 

t11nA'U&'tluv111nJ.JA1lAvli'1111 iivJ.JlfAu lun'fl.:i~u Au1rtflv.:i 11i1N1ijnjjifJ1~nmf1l if1n1uri 

QI ..; _.S QI I " Q 4 '1 ~ 14 4 4 .ii 0 ,. j jl 
l'lflllW::l'lri1fltyff1\.11J1fll'Uf)A1.J'1::16VA U'tl\l'IJ1 Ufl1Jfl111Jl'tl\.1(11A (Plasticity ) 11J6\.11 lllN1UTI1 

, '14 : I I ,I • ., QI I I ,I ti Q I 

ti:: 'tlff'U1fl1'166\.I l'tl1J1::Uflfl11'\f'l..1111 'Ul'lflllW::fll\l"ll'r'Ufll'l''\l'l..11 U1J1Jf)ff'l':: U1J1J'\IA U1J1JUN'U 

,I tljl }I ......... "~,, ... ti .: ... ti <Id" d "'"" '\l'l..11 9'11VU11\.l'tl~'l.J U1J1J11ifljil'W1J'W 11J'Ufl'U A'U l::lfll'l'l..11Jl flllGJf'Ufl'\16\ll'tll'lfl (Iron) \l'3 &1J'UV1J 

n1NnflftWctl'rUAff'\111 

11nl1n1~1.Jfl'l.J~flff1'tlml1J ui1.:iu1::1nff1nv(2s2s : 140) mh1-l1 lAvli'11uui11~u 
11'l'l1J"r1~&nfl1.JfJflU ti .:i ui1t1::1rluAu oriiA~&Ttv.:i l A ~ri.:i lij'1::1ovjil'tl~ flff::mA&Tf V\l'Wfl~ti::u 11 tll f 
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JI I JI I 

1nvrlvu i1h'Jiuiri.n1::i~1fl;fl-3ilt.1At.11N1fiufJwmwi1iA 
... ,, 1 1 4 QI ' • .d 

fl1::1'1'i'Wl1'1fJ1ff1U~'i l'nfl 1J ftfJUfl::tn'i'n?H-311J(2529 : 83) flf11111 fl11111111JfJ11lltH 

.: ... M .l ,.., .: ... M QI : ...... I I .., ~ !it ..... 
l'lJf)fl1.JlJ1.Jlll\JtlUfl1Jfl1'iNff1ll'Uflfl\JlJ'Untnn CJf-311ff11J~H'lfl\JUfl::111U1Jflf)tlflllJ1.J 4 'Jt1.Jflf'lf) 

: ... QI ~ I QI t/ .l A fl A ,! QI : 

1. 1J1AU (Slip) d1't1·m1,,.11avn11~U'nfl1ffl~tl'i 11Jtlfl1JUU'Jt1Jfl1..1Nff11fl1JU1Vl::111tu 
A ,l fl fl ,, 

f vva:: 24-30 111vNu11un'1 •::ihu 0111in1fluu 1~uci nfllilullv-3lf~uwiniT1~vllrluu11m11111:: 
..s .., 0 .4 M ... ... ..1 ... ,l 0 M JI _.. , .,JI I ... "' ,, 

-n111'i1J1'111tlltl-31J1.Jfl1.JlN1'1tUAVl111Utl1J1'3 Vl1fl1'ilJ1Jtl1fJ11iflW1 11 " l'JtU lfl'ifl-3tyiu11wcn 

... !II .l ... J ..; .., : -• ~ .: ... J 
2. fl\Jl'Hft1 (Soft-mud) 11J1.J11Jtlfl1J1J\JVINft11flt.JU11J'i::1J1Wl0fJft:: 18-24 l\Jflfl\JlJU 

fl ,, 

tluiJ01t'l'1f11J (Porcelain) 

tyllilv19i tJt>A11t'tlJ ua::611w1iA1 Vt>A11ffll(2538 : 17-18) nri11-:i1 1d't>Aullu't'h 

4 M ... , I 0 !It J! ., ... .. ... ,_ • , : ,~... ..; I 

lfl'Jfl-3111Jfl1.J1N1 1J•111J1J"fl-3Nff11fl1Jff1'Jlf11J11ltl11'Ulft1Jtl lJ 1J1J1'3fl'J -301' 'JJPlUVlitA•1flU11fl-3 

Q ... ,.J!lll .J' : ,!,l I QI ... QI t/ I A &I o' , 1"'5 I d 
fl\J~11J1i'J'J1J'tf1~1J1 'JJ ltl 1'1'31Jlll1JtlQfl1JNtl~flWcrl U~fJWfl1'nllltl-3Nfl~flW<.fltl1H:: 1Jfl11'11Vlf11'J 

I I .l ... fl !it QI ... .,I fl 1-" !it I A QI t/ 
fl11JfiaiJ1m(2539 : 77) na1111 1UtJfluilumu1~Qflt1V1tlu 11mu11J11-3Na~11wcn 

dJ! .: .. J l ~ i-• J! -• JI .., .. ... .ii .., .. .., ... A !it 
~11JVl"tl-3fl1'J l\Jflfl'U111J PlfJVl1 11•::~tl-311l::fltl1lt11fJ1~Qfl11 4 'Jt1Jflt11fJfl1Jf'ltl 1~Qfl1Jl'ntll1JU 

l ~ .:... .., .. 4 ... 
f1HftlHllltl-311JflflU (Raw Material for Structural Forming) 1~Qfl1Jl'ntlfl111Jl't11JfJ1 
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(Plastic Clay) ff1'H'IFl~W111Jii11..lf11'HN1 (Fluxing Material) un:9i119i1J (Additive)111V ~1lff11J 
4 I .l ... M I "'1tl AM"" ...;,, (Promoter) CJf ~ ff1'1..1Nff1J'Ufl~l1..1 flFl'l..l u'l..I V:U9\fl9\1~fl'l..I 9\ 11JfJWfl1'W'Ufl~lfl '.i fl~u'l..I Fl'l..l lN1'Vl9\ fl~fl1'.i 

-~ ... " 0 I I .l ... M ... "' " ... " ti 1JlFl1 'W1J'W'U11'U1(2539 : 125) fl1'1111 l'l..lflFIU1J'l..IN1'9\flWCfllCJf'.i11Jfla'fl1VUVfl '.i:ann 
JI JI • JI JI • 

fl 1111 l flu n-v~tl'.i :m'YI flv l uvRu ilu i1iifi1..11 flu rl1u tl1: ~vutim i1 vfiuil ui111H'.ifiu1rlu ,, ,, . 
rl1utl1:mm lUflA\Jil1..1i1jjfi1..11rl1..1rl11..1tl1:nvu mvnfiu/111..11 111v fiufvvn: 100 U~ff1U1J1fl 
~ .cl QI 4 '" ' .cl QI ,l Q ,, .=1'1 f.:S.Q ~ I d A QI .Q 

ua1v:1J1ffi2V\1Ntr1JV~9t1V l'IJt.1lF1V1nmt.16At.1nt.1Y1 ~1J1JF1t.1m1..1tr1t.11.h:nvu tnV1Jl\IV1tri2'1J\IA 

~d' - 0 QI 0 Q QI~ 
't1l11\111l111J1:ff1JYlt'fFlff111'.i'l.Jfl1'.i'Vl1N1'9\flWCfl 

I I "''°'ilt/ .el!Cl '°' 4 O '°'1 Rhodes(1974 : 24) 0111111 L'l..lflFl'l..I \1111J1VfH Fl\19\11J1i'.i'.i1J'IJ19\ 11'.iflf11'.i'U1lfl1Fl1..I 1..1 

""1tl .., "' ... ... A A i np "' ... n" ...;... - " · ..:. 1'.i'.i1J'IJ19\ Nff1Jfl'l.J19\QFl'U'IJ1..1Flfl1..11 l'Wfl 11 tll1..lflFl1..I 1..l't11JfJWff1J'l.J9\9\11J9\6~fl1'.i L'IJ\I fl1'.il'W1J 

fl11umilv1 fl1'.il~1Jfl111J ltli~ua-~mv115~m11N1 
JI ,, ' JI 

v1nfl111J111J1v'llv~1iJ vfiu il1..11111Ji1u n1"1J1m111n1v'Vi11..11~mi1111''Wvffl tl1 ~11 lU vfiu 

tlu 111J1VO~ 1'9lQA'l.J~l~tl1..1l-H1rl1..11tli1~Nn9\ftWcrl9\11J~~f)~fl1'.i ~~U'.i:flfl'l.J~1V19\QA'l.J 4 'IJUFI 
p ..,.,. "' ... do ,,...;~1 ~ ,.l,.. 
9t1Vfl1..lflfl 19\QFl'l.J'Yl't11111..11't1'1J1..I fl'.i~ff'l1~'llfl~l1..lflFl1..I (Raw Material for Structural Forming) 

1'9lQft'U~'ti111tT1~1lf lflFlfl111Jl11UV1 (Plastic Clay) 1'11Qft'l.J~lr!t.1trl'rnFl~W'HfJiilt.1m'.ilHl 
(Fluxing Material) un:1'9\QA'l.J~lrl1..19i119i1J (Additive)111v ~1lff11J (Promoter) ld't>fi1..1Ut.1vn 

, p ... ... ..i... ... • ,I ,1' .... .l ... ,, ,1' 
9'11J1V1flFl1..19\11J1i'.i'.i1J'J119\ 't11Jfl111Jl111..IV1ff11J1'.ifl1..111J1'll\lltl " 11'.ifll1..lflF11..li11..1mv 9t1J1V1fl 

0 ... 1tl "' "' ... "' ... A , ,,... """" ,, I A , ,,... ... ..:. ,I 
fl1'.i1..11Fl1..1 Nff1Jfl'l.J19\QFl'l.J9\1fl1..ll'Wfl 111JfJWff1J'l.J9\9\11J9\fl~fl1'.i 1'111..1 l'Wfl 111Jfl111Jl111..IV1l'W1J'U1..I 

.. .-
1 

,,... .-
1 

,,... ltl .. ... • 4 .: ... n" , ....... ~ 
11'.iVnAn~ l'WV 111Jfl111J'll11 l'WV 111Jfl111J HmH 111vvmw1~111..1~11..1vF11..1 umv 1J1JF1t.1m1..1 

I -• d,p I .l ... n" ..l ~ , " ... ,.( I ... .l ""' n" 
ff11..lu'.i:flfl1JL?'ll.lfl 9t l'Jf'l..ll1..lflFl1..I \l't1'1J1..lflflfl CJfFl'l.J'.it'f'Y11i 1'111..1 .Ali03 fl111Jl111..IV1'Ufl~l1..lflFl1..I \I 
,I '"' .l ... ,, "' : 0 ... ,l ... ,, ~ ... ... ... .. 
'U1..16~fl'l.Jfl1'.iNff1Jl'l..l6Fl'l..lil'l..lfl'l.J1..11 V1U1..lfl'JJ'l..IA'llfl~l1..lflFl'l..lil'l..lflflfll1J1..I 4 '111..IAflfl '111..IAU'.iflflfl 
:IQ QI fJ/IGI fl',l.Q" .Q~ QI: ~ 

'1..11Fl'l..I (Slip) n111'.i'l.J 1'1J11t'lflfl'l.J~1..l'Wt'l1ffl9\fl'.i l'l..I flF11..lilt.1'111..IFl'l..INff1Jfl'l.J'l..l1tl'.i:1J1W 1vvn: 24-30 
' ,, JI ' JI ' 

'11UAi1ffv~ flv R1..1mn1 (Soft-mud) lrl1..11iJvfi1..1ilt.1fiNff1Jfl'l.JU1U'.i:mwfvvn: 18-24 'IJUF1fiff11J 

.. ... ... ~ " ... n" ...; .., : t1 ~ ... ...;~ .. ... "' flf) A1..ll111..ltJ1 (Stiff-mud) '1J1..ll1..IVF11..I 1..l't1Nff1Jfl'l.J1..11 '.iZ1J1WlfltJn: 14-20 '111..IFl'rln flf) Fl'l..l'Jf'l..I 
JI JI I JI 

(Dry-press) li11..11i1vfi1..1il1..1i1Nff1Jfl'l.JU1U'.i:1J1wf vvn: 6-14 

.l ... M "' ... "' "ti A ,, ... ..I "' I ,p 
l1..lflA1..lu'l..ln111'.i'l.JNt'l9\flWCfl '.i:lfl't1fl1'Jf\l:lfl'.ifl~il1..1A\JlH1't1fl1fl1..IU'l.J~6Vfl vit 3 

tl'.i:lfl't1~1Vfl'l..lflf) 
,, ,, . 

1. lUVAt.1il1..11ti!'t1m1..1u1! (Earthen Ware Bodies) ffij'vrlvt.1't'1111n1nf11..1i1~A 1~~111J 
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... '!1 QI ... 11 ,, jl l 1 ... " 0 .. "' ... ... ~ 
1i'i'UJ'Jj'191 U91u'1~'1.J'l.Jllfl1111tll1'H'l.Jl'Vll~~l'l.Jl'Vlfl u l'ltllllfl'U'l.J mn111mv~i1UA'l.J1Nl1tl'i'VU't1'1.J 

~... ... A .. M " , I ?I ... QI ~cl A ... " ... di A .... M ... 
U1'ilJOl'i191'iV111'1.JtlA'l.Ju'l.J'U'l.Jlll 1111 11J'l.JNll91flWct'l't11'1.Jtlll:Zlt:JVA'U'l.J 11fl1111't1'1.JmH l'l.JtlA'l.Ju'l.JlJ 

JI I 'JI I t 

fl1111't'fl'l.J~1 jjm'i lflfttl'UN1Nft91ftWcri'i1vil11f1ftt)'lJ 1~'1.J1fl;O~U'l.J~'U1Nlfi1Nl lu~w'H 1Jij~1 i1i 

1nu 1,150 o~tY110J1ll1;mY n1111'itlt]A•11J1 ii lt1111mm:1av~'1::ii'U A1111u~~un~n: i1iu~ 
l QI ~ ~ ..6 QI ,,,( -~ I I '°' QI ~ .... ~ ~ 

( flllll 'ifl'M1~tl, 2538 : 45) OJ1~ fflJtlflA 11l'ilJllJ'i')j'101(2530 : 11) flll1111 Nll91flWct'llt:J'i't11't1'UU1'i 

jl , , '°' I 4 .l "" .r di : ,jl 
'1:ZlNl'ft1V "' 'U~W'HfJ1J'i:a111~ 850-1,050 tHtY1lOJ1lll'lfVffl'U6fl'UU'U'U'Uff11J1'rnt\AOJ11J'U1 'ft1J1fl 

-• 11 QI ?t "" M .... .:, "-• c1i .... ... • 11 u'i::111w1ovlt:12-22 11muu1fl'it:J~uUf'IULNl't11 m 't1 1111m11flllflmm:1mo~tnv11ot.y 
,, JI ' " 

uon'11ni'l ..,1 Tf'i1111't'fqnli'(2523 : 16) J~nri11111i7o~u16i''t11't1uu1i'iilfi1uNa9lft'wcri'it1u1f't 
, I ... ,.J! ... ... A I 0 , ,, " - • QI "j/4 .. 0 ,_. .l ... ... 

11t.y.:iuv11 'IJNfflJ't'l'ilV 'H'it:Jfl'l.Jl'Jl'tl (Grog) ')j'1V't11 'HOl'i'U'l.Jlu't1H911 l'ftA 1110'1.Jl 1JlN11'1.JOfl'l.JlJ 

d 14 I QI .. ,j/4 ... _. 1 ~I,,, ... QI '!'1111 
fl11lJU'U~UflHA llll:Z')j'1Vfl1'UfJ110l'i'Hfl~1'Ut:J~fl'l.J 'ftA't'fOfl1'i llu'i: V'Jl''l.J')j'1V 'HNll91flWct'l 111 

... .r ,jl I QI A ... ... ~ ~ QI ~ ... , ~ jl 
U~fl 11ll:Z'UAl'UV1 'ft~lV dl'H'i'Uft'Ut:J~l'l.Jt:JA'l.Jlt:J'i't11'Yl'l.JU1'i ~WW'i91'1.J 't'f')j'qj 'Vt'IJlltl (2538 : 14) ,'ft 

I ,jl I .l '°' ... ~ ~1 .:, ,.. 4~ : .... .l ... 4 I 

flll11 ·n1 1'UtlA'l.Jltl'i't11't1UU1'i AV'Yl1 u'1::11·noonuA~Ul9llll 1ut:1~'11mut:1f't'l.Jllff1'1.JNffll'Ut:J~ ,, ,, ,, 
n11tJ1::no'U111 gntJuog 1ilo~'l.J')j'Uf'li'l uv11il11111 fi1u~1utJ1::mV1tJ1:~111m1111 1m: 

.r ~QI 4 4 Q, ... I I ... ~ ~ 
'l.Jt:Jfl'1lfl'U(IJ'UV't'f\IU'Ul~91ffl'Hnl'illlfl'i6~lflllt:J'Ufl'l.J1Nlfllfll'H'l.JO, 2538 : 27) flll111lltl'i't11'Yl'UU1'i 

' 'JI ~ JI 

1 iuri Na~ft'w cri'fijj'ri~')j'ii Alfi no'Uull: 11i1fl no'U jjfl111Jt]A.1lil 1tJ1unn1~il-iu -iqA t11i'l ii 
' d. QI 0 ' , •• ~ d4 0 Q,I d 

fl1111'H1J1Vl'Jl''l.J1AV1fl'Ufl111 Fine Ceramics 'l.Jfll'Mlf'IH1tlff flfltl "Faience" llll:Zfllfll'MllVO'ilJ'l.Jfl ,, ,, 
fio "Steingut" Ut:Jfl'1lfli'lm~11 Earthenware v~uu~tiomi1u't'f1nvovG') ii~~i'l fiti 

1.1 lVl'Yl1'Yl'l.Jl11l'11fl~'l.J1i'i'ilJ'Jj'l~tlVHlAV1 (Natural Earthenware) 1AvtJn~ui11fi1 

'11fl~'l.J')j'UA1AV1 i1illti~i11~ fi11i1uNa~tl'wcri''t'f1nlt1v'Jj'llJ (Tableware) ~1'1.Jffl!U: (Artware) 

.l 4 4 : t I 11 ,I , ,jl I ,, Q, : J/ 
m:mti~ (Tile) 1lfl1111t]A0J111u1 91~U911tivn: 15 'UU tJ "un 't'f1fl'HlltJAu,u191u ,m:m~tJun 

, " ,l QI QI ,l .,. , •. I ; ?I 11 
Atlfl 11,m:mo~1'~'Ht'l~fl11A,m:::mt1~1flllt:1'1.J 11~1 mu~u 

'°'" " A .:s ~ .:1.11 .1' .:t, .... 
1.2 lt:J'i'Yl1'Yl'l.JU1'il'l.Jtlll:ZltlVA (Fine Earthenware) 1J1'11flA'l.J'Yltll~Ut11llll:Z't'f1fl'YI 1Jll 

... o 1 1 ,, c1 .. QI ~ 11 lY.GI QI A 
fl11111'H'l.JV1 'Yllnl'iNfflJ AV ')j' 911'iHffllll'HllVlJ Nll91flWct'l't'f1fltl1V'Jl'llJ,'Ut)~ 'IJ l'Ufl'i1,m:mtJ~ 

4 .e :1! 
,llfl1111~A'lflJ'l.Jl1tlVll:Z 10-15 

A ... ,, 1 ~ ?I""",, cl , .... I 

2. l'l.JtlA'l.JU'l.Jff 91'1.JU1'i (Stone Ware Bodies) 11J'l.Jl'l.JOA'l.JU'l.J'Yl1Nl U~W'HtJ1l\l~lu')j'1.i 
... .. QI A d I , I .. : , .... ... .: .. 

1,190 -1,350 tl~tlllOJ1lllOJ1tlff 1Nltl~~Aq'fl~1 l'UtlU'U~UflH 1Jt)AOJ11J'l.Jl 1J1Jfl111J't'fl\J~1 11.JOfl'U ,, 
Uff~1,;UlAV1fl'U Earthen Ware lUtlAUff191u1111ii'11flAU1i'i'ilJ'Jj'l~lu'U1~1mri~ 'H;tltl1'1l91;V11 

41rn1i111i (1mrn i'nli'1~ff, 2538 : 45) fftJAfl-n'o~n'Uf\1nri11'UtJ~ Singer(1963 : 76,431) ~nri11-i1 
1 ~?! ... QI~.. QI ,, , ... 

ff ~\JU1'i 11J'UNll91flWct11Nltl~~Aq'fl~1 (Vitreous Ware) '1:Z~tl~lN1 'l.J~W'HtJll 1,200-1,250 tl~tll 

4 .: Q, 4 4 4 I " I QI QI ... cl,_J! ?I I ,l 
lOJ1ll10J1Vff l'UtlA\J't'l'UUff~ (Opaque Budies) OlHZ11ff~Ho:i'UutJ~fl'U191QA'U't1 '1JllJ'Uff1'UHfflJ 11.Jt:J 
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Q 4 4 .cl !=It JQ QI , .,~ A IQ d. d , I .... I 1 'JI ... I 

fl'U1Jfl111Jl'H'UV'l\l~ 'Utu::'YlllJ'Ufl'UV~ 1J tllNl l'Utlfl'U\'1::1Jfl111JU'U~UH 1JU9lfl11fH1V flV9ltl~1Jfl1 .. .. 
f11111u~~u·Hnvu1N1 ~~u~ 20-150 'llvu~~v911n~ih 11~v t.4-105 filnfli'11~t19ll'.n~1•u~1119l'l' 

ff1Jffflt 1~tnfltl(2534 : 19) 1~flft1Tl1 1d'vAullurrl91uu1{ 1~u1d'vAullu~'Yl'Uf11111fvui~ 
.. . 

1240 v~ffllllJftll.Vff j°jm'l'11fl~1tltl'UlN1 t1d'l'::1111~ f vva:: 1 fl~ 5 1Ut1NftAfttuetldjt1Nl'Ufll'l'lNlfl~ 
GI d. " I d I di : , I .di I ,~ • 4 Q# QI .ct 

,fltffl911 1Jl'UtlU'U'UU'U~UflH 'Yl1JUff~ 'Ul 1Jff11Jl'J'(l11Jf1JN1'U .,. l1Jtllfll::lffV~v::~Hfl~11'U un::ff 

A Q Q,I o' 44 " ' QI "' I QI I .cl ' A. Q ,, " 'Utl~L'UtlNtl9lfltuCVI v::1JffL'\.ltlU9lfl911~fl'\.ltl6fl 1'l1 'U'\.16gfl1JU'J'1il~'YINff1J6g1uLU6flUilurr 191ULL1'J' 

, , 'JI I I .: ... M 1 o' ~ .: .. ..; ... 
ua:1J'l'Wlfllff Ufll'l'lNl 1111 Rhodes(1959 : 43) fltl1111 l'Uflfl'UIJ'\.lff 91'\.IU'l'l' 11J'Ul'Utlfl'\.l'Yl1Jfll'l' .. 
11f1~1n vu fll'l'lNl 11i1fiu ! vva:: 1 o 11ififl1uv1'Utu::Na9lft'tu Gtf u if ~11~ vfi1ft'~1N1 ua::jjm'l'11flfl 1 

.. .. 
11ft~fll'l'lN1 11ilfiuf vva:: 15 j°jm'l'~ft:if11il1 (Water Absorption) iii1fiuf vva:: 1 fl~ 5 ff'UtHlUtl 

.. .. Q ... Q I Q S: Q o' 4 lil'J/ 
fl'\.llflfl\'Jlflff1i'S'J'1J'lf191'\16~fl'U l'lf'U ffl'Yll ·n'U1911tl ('Yl'l ft'l'111Jfti}fl'l!I, 2523 : 17) llJf~ fl'flfll fltlfl &11 

(2535 : 11) ,~flrl1111 Nft9lfttuetlff l91'UU1l~l9iV1J ,~\llflA'U1i'S'J'1J'lf1~ 1'tiu lfi~Jj'~m'l'l'lfl{l 

0 , 'JI ""' "' ..... .: I .: ""' l ..... Q I ..;. , 
11tlfl1Jtl::tl1V 'Yll 11Ntl9lfltuCVl1Jl'UtlU'U'U l'Uflfl'Uff A'UU'l'J'1Jfl111Jl11'UV11Jlfl mm::vm~v~ 'Ufll'J' 

0 ,_.,,J!.1 .11' J4 .I _... .1 .... .. .. , " ... .... .. 
'Ul lJ ir'U'U1IJt11VUlJ'U11Ji!'UUtl::fll'l''U'U1IJtlff'l':: (i,itutu'J'9l'U ft'lfqj ft1,JtlV, 2538 : 15) Ntl9lfltuCVlff 

l 9lu1ni' rr1111'l' f:l'YIUf11111 f tluua::fl11111gu vv1~1uvurtft'u i ~~ uv11li1m'lfu:: 1ULA1vu 'ti11"1v 

, ""' ..;. "' o' .... .. 1 t1.!.... I ,jl"' .f4 
'lf11Jlltl::1flfl1UW ( ftV9l'S tl~fn19'1J'l..I, 2541 : 146)'1..ltlfl'l..lff 9l'l..IU1'i'l..ltl~U1J~fltlfl tot fl~'l..lfltl 

2.1 fflAuu1{v1flAU1i'S'J'1J'lfl~'lfUfll~V1 (Natural Stoneware) 111\llflAU'lfUfll~tl'l .. . 
ua::11i~t1~/(1~ ft'lflntl'l':u1vu1 (Drain Pipe),Nft9ltltuetlfi1.flufli'1 (Kitchenware) ~iuiirail, 

... .... .... .!..; .... ,Jll!I 'JI d4 l I Q ... <I' .... , 1! 
Ntl9lfltuCVIIJ'l'::lfl'YIU'YITfflV::Vfl111 " &U1Jl'l..llllflfltl tl~'l'l'lf1J'l' ,Ntl9lfltuCVIIJ'l'::lfl'YI 11'lla1·n 'Yll~ 

... ~ 'JI ... ... : : •1! .I , 
fllflf)fflU 11JU91'1..1 1Jfl111J~fl11Jf1JU1 A~UA·rnva:: 0-5 '\JU 'll 

•l .. .: ... I '°' ..lj1 jl 
2.2 ff 91UU1'l'lUfltl::lVVfl (Fine Stonewere) 1Jl\llflff1UNff1J'Utl~flU'Yltll~Utl1Utl:: 

ri1u Nff1J~ 12.mf11111mu t.111fli1Nft9lfttu Gtl'il'l' ::m'YI 'l ~~1J (Cook.were), ~1Uffa'l1(Artware) 1"1t.1'lfl1J 

~ 'JI ... ... : 1! 
11JU91U 1Jfl111Jt)fl11Jf1J'l..llltltltl:: 0-5 

,, JI ,, • 

2.3 ff 1Au1ni'1i7t11l'Yl;tlff (Technically Vitreous Stoneware) lUflAUilufi1fNff1J 

I d. C:, d. .. : tJ ,_J!GI 4 : Q 

6Vl~flUtl:lN1V'l..I m:'YIUJfl111lt)flllJf11'\.I 1'\.I tltl111fl 'I t '\.\ ~9ltl'111fl'S'S11Lfl11,fl l'lfU:1J'S'J' ,U lfl'S fl, 6J 

~ 'JI ... ... : 1! 
'Yl'\.lfl'Sfl 11J'l..l91U 1Jfl111Jt)f111Jf1J'l..ll'lflVtl:: 0-0.2 
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2.4 irr11.ltli'rr lfluu1f (Jasper Stoneware) 1rnntiff1\.1Nff1Jthu111qj'Utl~1J11';v1mn:: 

Au li11rluNaflfiwcri'i11:m'tN1ufinil (Artware)iifl111Jf.)fl'111JJ'1!'tltm:: 0-1 

°' </ 1 </ ... ..;... d , </ I 

2.5 1J11JftYlff fl\.11111 (Basalt Stoneware) 1J1tl1tlfl\.IYl1J111ftflVtltl IJSfl\1~ l'Jr\.I ,, 
Na,.fiwcri'.i1umivu 1fli1Naflfiwcri'Tt1m1ufinil (Artware) iifl111Jf.)flc'11Jih!vvn:: 0-1 

"., ... .. ... .. 
(fl\.1Vftll\.11~9\ff111tl'J'J1Jlfl'Jtl~lflftf)1Jfl\.11N1fl1fll11\.IV, 2538 : 28-29) 

l ... M' -• " " ~ l ... M' ..; i ... l ... ., " 3. L\.16fl\.11J\.11Jtl'St'l'Lft\.ln' (Porcelains) L1.J\.IL\.16A\.11J\.IYILH1 \.l~W11f.l1J\1~ LU6Ht\9\f\WCVI 

1-1 I .r d I , ... "' , I ... : .r ... M .. I ... ... ~ ,, 

uHllt'I'~ l\.ltlU'U~lltlH 1J1Jfl111Jftl\.lfl1 1Jf.jfl'lf1J\.11 l\.IVA\.lu\.lt::lla'1\.1Hft1J'UV~ft\.I 11\.111\.11J1 
JI ' ' ti 

un::-Hu1;iv111'!1J1\.I (1ti1Jft i'n13'1~tf. 2538 : 46) iu 1i1u'1f1~u1nYiff11J11tl'rt11f1!fHi1uAu1H1t\'1v 

Aun,,111if v 11.11~urr~fl~1vu~1 iii~u~ftav11'Jf1~.fo1v~ ci..,i,., ~~m1'11u, 2541 : 114) 

... ., "- • _ , " ~ ... "' " ... .I ~ ... ' ... ... !! ... ., Hft,.tlWCflu'J::ltlYllJf)'Jffln\.I l1J\.IHftfltlWCfllfl'JV1J,,\.ll1J\.lftlffll l\.ltlfl\.111TI,,1'lLN1m1fltltlfl1 

d ..JI °' .. 1·' I 4 </ .r ... . I </ (Vitreous Ware) Yln1flqjfltl uHlln'~(Translucent) (Y11 ft'J111Jfttlflll, 2523 : 17) l\.ltlft\.lutl'J'Jrln\.I 

!It I ..;... d ... d ... : .. .. ..; ... .. 
l1J\.lff1\.IHa'1JYlltlflt1tlfl1'Jl~ft11Jl111'W1JlH1fl\.IYl~W11fJ1Jfl111'JVlN1lflfttl1JYl~W11fJ1J\1~11'JtlV1tt:: 

: ... .r I I 11 , •. l.'-1 ~ 91 </ QI • .. ... 

LN1flHlflV1t\.ll\.ltlllflH l'Jf\.I Qfl'11V'D\.11\.I TITI1 llJ\.lfl\.I (fl\.IV'Wll\.11fJflft111tl'J'J1Jlfl'Jtl~lflftf)1Jft\.I 

.. .! , ,, l ... -· " " ... • ,1111 "' l ... 11 1H1fl1fll11\.IV, 2538 : 30) tl1'J1l1 11l\.ltlfl\.lutl'Jt'l'lft\.la'l11\.IV1n'11Jl'JtlYl1 '1P11Vtl1'J111Jtll\.1Vfl\.1'11V 

: .J/ 4 ~ -.J... °' : I QI 1 °' jl QI l ... , d d 
\.lln1Jft1V1 CJS~llJ\.ltllUl'l!iYl\.ltJ1Jlilfl\.11J1fl~llfln'1JV 1J'J1W tl1'J111Jtlt::~tl~111Jtll\.ltlfl\.I \.IYllV\.I 

- I ., ... : I ~- • "" ,_ , .. I ~ ... ..; • , • • ,.J!.1 un::u'J1fft1tllltHllflfl tl1'J111Jflfl\.l"~""n'tl~·nufl111,,\.I 11tltl11l1J\.lfll'Jl'WV~fttlYlt::u1 u ,,.,,\.1 

lt111uu~u11~uit\' <~wwi'"u Ti'fty,Tt\ln~. 2538 : 18) Ha9\nwcri'ilofi"Ymuifuti~atlflit\' 2 ,, 
1.l'J::ltlYI 111qj"lfl~U 

3.1 Naflfiw crf tJvi'rr1nu if ~w 11 fJij~1 (Soft Porcelains )t::1ff u1if 0Au 1.ltli' rr1au ri'~1H1 
, ... : , ... ... l 1·' I , I 4 : 
\.l~W11fJ119\1 11::1Hl \.lfJW11fJ1J 1,280 V'3ff111JfftlCJSVn'ft'31J1 1\.16,,11 uHUft-3 1Jt)fllJS1J\.11 

Ha,.nwcri'i1Tt1nd'it\'url \4uilatl1J (Dental) l1Juittru1 (Bone China) u'rt11vu1ni' (Parian Ware) 

1rluiu 

3.2 Ha9\tl'wcri'iltlf fl'urniffJW11fJij\1'3 (Hard Porcelains) fJW111Jij~1f1N111::vg1wii1'3 
4 .I ,. • .r d I I •·• <f <f ... J 1-• I !! , I 4 

1,280 6'3ffll1Jftl1Jftlfl',,\.I 1J l\.ltlll,,'3lltlH1Jlflfl11utl'Jfl'ln\.lfl'fJW11fJ1Jfl1 uHllfl'-3 ·n,,11 1Jtlfl'lf1J 

: "'"" \.11 (1fl1Jt'l 'Jtlll1'3ff, 2538 : 46-47) 

QI : 4 ,j/ I l ... II °' Q QI <f .4 ti ... I 

fl '3\.1 u t~ftl tJ "11 1 u vttu i1 u drn,. 'l.IHa"n w cri tJ1 ::mY1m'11u ::1fln>~ i1u tt 1..11H1mH 

oomrlu 3 tJ1::mY1ftv 

l ... M' ... " " .. l ... ""i11 ... ..1 i11 1. l\.ltlfl\.lu\.llV'JYllYl\.IU11 (Earthen Were Bodies) tltl l\.ltlft\.IYI '11J1111tlfl\.IYl'Vfl ""11J 

... ... I ... </ </ ... Q .. l ... d,11 
!i 'J 'J 1J'Jf1" l Wtl11 m 'J Yll YI u 1nn1n fl \.I !i 111J ,,,,. (Natural Earthen were) 111 tll \.I tlfl \.I YI "111tltl1'J 

4 .l ... M'.l, I ... I """ ""... !It l9\l'V1Jl\.ltlfl\.lu\.l,,\.11J1 111J 1Wtl11 mnuY1uu1111..1an::mvfl (Fine Earthenware) llJU 
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I t/ I I fl 

lfill6~U'UA'UlN1;;lN1, 'U~tu 'HtJjj~111i1nu 1, 150 6~ft'Wlfftl'iiVff ff11Jl'!i{lt)A~1J'l.h iit1'!i:1nw!vv 

1' ... 4 d ' "' ...... : 4 ,,: .... ... 
n: 12-22 f.ll'H1fUfll:lffV~'1:'Yl1J fl111JU"~UflH'1: 111q~ 1Jff66flUA~'U1~1n l'U6~'11fU'l..16A'U1J 

ti1'1..1 Nff11"v~a-1'!itl '!i:nv1Jm gmJu vg Na~fiw cti'~ii..f ~ 'lfu Atflnvmm: 11iiflav1J i'Ji'l..I l<1v'lf111 

: JI • I , JI ,,l .., .., l • , .. I ~ !'it JI 
'l..ll~'W ,m:m~ugflA6fl 11,m:mv~~~'Hn~m1fil,m:1m:i~1fln61J -n~1 mu~u 

2. 1d'vAuUua-i~uu1{ (Stone Ware Bodies) 1~u1d'vAuUu~1N11u~tu'HfJjjtJ~1'1..1'1i1~ 
d. Q QI f/Q .... : , ' Q J! All 

1,190 -1,350 6~ft'1lClfl1llllfVff Nn~fltucrllJfll'!it)AlllflJ'l..11 (Water Absorption) 11mu·rnvn: 1 t'l~ 5 
Q GI .. .,.\ I 4 GI .ol l I d I 4 : , I 4 I ,j/ .,.\ 

Nl1~fltucrll1J6N1\.lfl1'!ilN1t'l~~Aqfl~1 '1:1Jl'U6U'U'UU"~UflH 'YllJUff~ '1..11 1Jff11Jl'!i{IC1f1JN1'U " l1J6 ,, ,, ,, ,, 
lfll:&UV~'1:A~tl~11'U un:U"6~lU6Nn~fitucti' '1::i'.iuu~fl~1~tl'U66fl 1tl t'li'U Ul'Yll ffU1~1n -n~il 
.r I .., ' ~ ., ,,l .... M i .. , ,, l "" i .. "'1..16~fl1JU'!i1i1~'Y1Nff1J6~ 'Ul'U6A'UIJ'Uff ~'UU1'!il&n:1J'!iW1fl1ff1'Ufl1'!ilN1 'HlJ l'l..16A'Uff ~'UU1'!i 

, j/ Q .... , I 4 .ol ,,f , I Q GI .. i .. ~ 4 ,j/ 
61'1 9>1'11flA'U1i'!i'!i1J'lf1~ 'U1J1~U'Hl1~ '11'!i661'1l~W1J"'U1J1 'HlJ Nl1~fltucrlff ~'UU1'!i'Yll~W1J 9>1'11fl 

A'l..11i'!i'!i1J'lf1~ i'liu ifi~Jj'~m'!il'lf'lJl Nfi~fitucti'A1um1vu un:Nfi~fiwcti'fin1An (Celadon)"6~ 

tYv~1'H1i 

,, 
.I , ' .., .,.,,. 

2 IJ'!i:lfl'YI 'Hqj'lfil~'Ufl6 

Q QI " " " .-' , .... 3.1 Nl1~fltucrltl6'!iff&n'Uff~tu'HfJ1J~1 (Soft Porcelains) '1:lN1 'W~W'HfJlJ 1,280 6~ft'1 
4 ,,l i·I t , r 4 : ' ~ .I i , ' 

llllfnllllfVffl1~1J1 l'U6"11 uHUff~ 1Jt)filClf1J'U1 l'lf'U TI'UIJl161J (Dental) 1J'U 'lf'Wl (Bone China) UVt 
... .. !'it ,, 
lW'l..IU1'!i (Parian Ware) mu~u 

3.2 Nfi~fitucti'tlv{mnutf~tu'HfJjj-q~ (Hard Porcelains) ~tu'HfJjj~1fiNn:vg1u'li1~ 
4 ,,f ,. I l d r i·' I 4 , I ""9 : r JI 't •• Uf 

1,280 6~ft'1lClfl1lClfVff"'U IJ l'U6U"~UflH1J1fl IJ'!i~Uff~ ff"11 1Jt)Alllf1J'U1 l'lf'U ~fltl1VU'U1'U lTITil 

' .... "" ft11'HlG'l\&flG'U•B·ntltaRU . ,, ,, 
tl1'UNff1J"6~1~QA1J;i1.fl'l..lm'!iNn~ti16A'UU'Ultn:lflft61Jtlfl~ll~1'1:tl'!i:fl61Ji1v 

1~QA1J'HnlV'lfuA i'liu ri1uNn-111'~QA1J~'1:lflum'!iNn~1flnv1Jm'11h:nv1Ji1v -Hul4uil1 Au 
4 QI Q 4 °' .ci. , ~ 1 QI d. o' adal 1' 

vh~ un:1~QA1J6'W'l 1~qAm'Hn1uu~n::~1m••:11v~fltl1:fl61J"6~ff1'!itfl1J'Yl1J flHffn~"v~ 
l .., 4 !'it 0 !'it ~ 1' "' ' .., .... , ,, 4 , ~1' l 

l'l..161~Q'Hl11V")U1J1J'1~llJ'Ufl1'!iV1llJ'U'Yl'1:ft6~'1Aff1'UNt'11J"6~1~QA1J 'Hl'H1J1:ff1Jlft6 'H l"l'W6 

... QI ... I ,/ -~ Q ti 0 QI QI Q ' I d 
"6~1fll161J~H~11J1~Qu'!i:ff~fl (u'!iA1 Vt1JVt"11"1, 2530 : 34) A~'l..lfl1'11'1fl1'!i'Hl11V'Yl1'Ufll111t'l~ ,, 
1im'!i'H1tY1UNff1J"6~1~qAmi~~v 11.Jil 
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fl17111iJ~'Htlfttl'UA':w1i Biaxial Blend 11;tl Line Blend 

1Av..t1 itJm1111ri1t.1NfflJl\Jtl~1'~QA'U 2 'lf'UA 1fnmllmvmfivm)~71fi11.1 1Av 

.., ... "' .J .;. ,, 2! ""' "' ... ... "' .A .;. ,, .Jj! 
1~QA'U ~1'VI 1 l'SlJ~t.1'11flltltJft: 0 10 20 . I. I. lH 100 Uft:1~QA'Utlfl~111t.l~l'ilJ~t.l'VlltltJft: 100 

di I ~ .: QI I "" d,~ 
90 80 .... fl~ 0 U~l'S1ff11J1lfl 1'11'11ifl1'St.llJ1NfflJ1~QlJ1flfl11 2 'lft.!Afl t1 (Hamilton, 1982 : 98 ) 

,, ,, I 

-n-~uu~'1itl1'Slflt.I 4 'lfUAl'W'S 1: '1:'ri111"1ia-:A1fl, 'I.I fl1'Sfl1t.l 1W 1111tlvi'1~t.1 ~ua:.Y~1~QA'UUfl 
Q. •ii Clt.QIJ QI 

ft:'lft.1Atl~'U1~ (lff'SlJffflA t.lltl\11, 2536 : 16) ,, ,, 
~171~ 2 UffA~fl1'S111ff1t.INfflJ1UtlAt.IUt.1'11fl1~QA\J 2 ')JUA 

"' ... ft1UNa'JJ~ 1fltJfl'U 

l 2 3 4 5 6 7 8 9 IO II 

A 0 IO 20 30 40 50 60 70 80 90 100 

B 100 90 80 70 60 50 40 30 20 IO 0 

nJ.J 100 IOO IOO 100 100 100 100 100 100 100 100 

(Green, 1978 : 64) 

"' ... ft1UNa'JJ~ 1fltJfl'U 

1 2 3 4 5 6 7 8 9 IO II 

A 0 IO 20 30 40 50 60 70 80 90 100 

B 50 45 40 35 30 25 20 15 IO 5 0 

c 50 45 40 35 30 25 20 15 IO 5 0 

nJ.J 100 IOO 100 100 100 100 IOO 100 100 100 100 

(Green, 1978 : 64) 

I """n" .di~-fl17111\T~lff1t.INfflJlt.ltlAt.I t.1Uft:ltlfttl'U"11tl11i Triaxial Blend 
0 : ... A ... ,, ... ~ ... ,~ .J ~ I 

l'S1ff11J1lfltl1t.11w1.111tlfttl'U lt.1'1At.1i1t.1 wrn·crltlfttl'U "1'11fl~1n~ff11Jl11fttllJt11t.ll'Vl1 

("llffnt lnfiv-Wt.1{ 2534: 65) 1tlatm~tJ7:nv\JA1v1'~QA\JlJ1nn11 2 'lJUA '1:1f~11.11A~n11 'rl1 ,, 
m-s ltlfttl\J (Application) 'Ut.1Yt.1~11.1 ii~1vn11 iitl11lJUUt.ltlt.l '11flNftl\Jtl~fl1'ilN1lJ1flfl11 ua: 

"fl'1:ii'Ji1~fl1'SlN1 (Firing Range) n1'1~ 11;tltl1'1flri111A11 ltlntl'U~~iiri1t.1NfflJl\Jtl~1~Q~'UlJ1fl 
... "' ... d .;. ; ~ ...... .J 0 ,2 ... ,~.l 

'lft.IA ,A11fttllJ~11\Jtl~ltlfttl'Ufl'1:tJ~~1ft~ Triaxial Blend l1Jt.111i'Vl'1:t.111J1 '11'111\T~'Sltlfttl\J tlAl\Jt.1 

11.1A1t.1A1~.,~~;f c1a-~1Jffnt t.11tlu1, 2536 : 32) 



A 
100 0 

a 
c 

Bo 100 C 
100 90 80 70 60 50 40 30 20 10 0 

b 

fll'Vt~ 3 UffiH~111'3ff11J111~V1J~1Ulfi1~1~111ff1'UNff1J'U6'3i~QA1J 
(tl'IffflA' lnifoiui', 2534 : 65) 

1i61uti1'U6'3~Tn~1ufl'11J111gV1J~lULl'il 

11f A,B,C 1rlui~QA1J 3 'JfU~ 

fl1'I't11fl1'UtHi~Q~1J A 11fo1u~1ufi11UUfl'l.AU6'1.A ( 1111 ) fi1llfo1U,1'1.A a 
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fl1'I't11tl1'U6'31~Q~1J B 1il61u~11Jfl11UUfl'l.AlUV'3 ( ~ )~inmnflJ1U A i'l111u 

B ti111f61u~~1u b 

fl1'I't11tl1'U6'31~Q~1J c 1ilo1U~l11Jfl11UUfl'UlUV'3 ( / )~inmnflJ1U B 1'l111u 

c ti111fo1u~~1u c 

ti1if '3 3 ti1~01u i~·1nfl~1n'3rl'1rlon1Jiluu1"1'1:~0'31~f 6va: 100 Tto;i ~1111fl11 
'n1JflUU1"1,~1Jlfl't1l6U'6t1fl11f 6Va: 100 Uff~'31101uti11~ti111d'3N~ 

"' ""' 1~Q~1J A 

"' ""' 1~Q~1J B 

1~Q~1J c 

40 

40 

20 



. ... 
l'l1fl 2 

1~Q~1J A 

1~Q~1J B 

"' ... 
1~QA1J A 

"' ... 
1~Qfl1J B 

"' .. 
1~Qfl1J c 

(q1RnR'° lniivfrui', 2534 : 65-66) 

= 

" " 

70 

20 

10 

50 

20 

30 

I ..... !1 .. ~ -
t11l''tnq~lff1UFft'l'JJ..itl~ll.ltl"UuUUtlZlfl'fttl1JV'11fJ11i Quadraxial Blend 
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lfla81J~1.h:t181J~1v1~Q~mHnfJ~Ufl t:U1JJ11f~1u ,~~1vn-l1 jjNt'lt11l'lN1~UUU8U 
... ., cl Q,I .-... 0 .., - Q ., 

(lfflJJfft1fl U1fl1J1, 2536 :54) 11i Quadraxial Blend ff1JJ1l'fll.111~QA1J 4 ~UAJJ1NffJJt1U NnnJJ 
" . 

..ia~mJJ1w1'~Q~h.1t:Lti1ft'1.1 100 'Jf11" u~~a'11ft'tl..itH1i QuadraxiaI Blend uutlg;i1~q~1.1u~ 

a:~uAt:jjtl;JJ1wq~qtt i1hfiuf ovn: 50 

c 

0 100 90 80 70 60 50 40 30 20 10 0 
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A 

tn'W~ 4 Ufl'fl~~1l'1~ifltfgfJJJi~i'fl'~lf'H1ft1UNffJJ..i8~1~Q~1J 
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0 B 
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1i m1 ti1u th ~1\J 1u ri1u Nff1J'lltH 1~QA1J v 1fl~111~ih 'H ~ r.t1Ji'~i' ff ff11J 11om:'ti1 i ~ . ,, . 
iAvti1uti11~QA1J~11Jnff't11~'lltl~'111~flfl''jfi;iiJ ff1J1J~11f AB c ua: D 1flu1'~QA1J 4 'JfUA fi1f 

JI I/ I I 

d1"Hi'u'ti11utJAuilu uu~1u'lltJ~nmnv1Ji~i'n'rJfl~1ufJfl1A v::ihhuNff1J'lltJ~1~qArnfiv~ 3 ,, .. 
'JfUA 1fi1u\J 1'JilJ 'rJfl1A1JlJl1'lJ A B v:ihY1\JNtY1J'lltJ~1~Q~1J A C mi: D 1fi1u\J i1H'.i1'~Q~1J B 

,, . 
't'Jfl1A1JlJl1'lJ BC v:iiff1\JNff1J'lltJ~1~Q~1J A B ua: D 1fi1u\J ,ijii1~QA1J c d1'Hi'ufi~1J'lltl~ 

' • • JI 4 4 QI QI .:I .::I QI Q Q QI t .cl QQI I QI .. 

ffl'HaV1JV~lffV:1JITW~1~QA1J 2 ')f\JANff1Jfl\J 14'1\J 't1~1J A v:1J1~Q c ua: D 1't11\J\J 'H'Jtl ~1J B .. . 
v::ii1~Q D ua:: A 1fi1u\J ri1u1AiA'lltJ~11'lJmv1lJffmnv1Ji~i'n'rJfl1A v::unA~ri1lJNff1J-UtJ~ 

1~Q~1J A B c ua: D iAVfl1'Jl~1JaAri1lJNff1J'lltJ~1~QA1J-ti1~a:: 10 ua::Na'J11J'lltl~1~QA1J 
,, .. . 
n~'H1JA~11J1im1u v::1flu 200 tff1Jtl iiJ i1tJV1~ i-tiu fi,A X v:iiri1uNff1J-Utl~1'~QA1J A iflu o 
1~QA1J B iflu 70 1~QA1J c iflu 100 ua:1~Q~1J D iflu 30 ~1A Y v::iiri1uNff1J'lltl~1'~QAlJ A 

irlu 40 1~Q~1J B tf!lJ 60 1~QA1J c tf!lJ 60 ua:1~QA1J D tf!lJ 40 ua:~,A z iiri1UNff1J'lltl~ 
1~Q~1J A 1f!lJ 70 1~QA1J B irJ\J 20 1~QA1J c 1flu 30 ua:1~q~u D 1flu so 

,, . 
~~..ru'1~n1'1.Ji~-h m1"H1t1~11ri1lJNff1J'lltJ~1'~QA11fiiiv1JnlJiitJd 31i fitJ 

1. 1i Biaxial Blend 1flu1if11l'H1ff1\JNff1J-UtJ~1~QA1J 1Ar.tfl11lmvmfivuti~nri1u 
,, 

Nff1J'lltJ~1~QAtJ 2 'JfUA 1im1uff11J11o'H1ri1lJNff1J'lltJ~1'~QAlJ1J1flfli1 2 'JfUA i~ u~iijti111filJ 
... 0 , ~ I , 0 .I "d " ~ °" .... 

4 4'1\JA LTtn:v:'t11 'H &1Jff:A1fl \Jfl1'Jtl1\J1W'H1l1Jtl'JlC]flJ~Ua:'Jf~1~QA1J 

.Q4 _!ii ~ I QI - <IQ Q ct.A o , ,, "'I 
2. 11i Triaxial Blend llJ\J11ifl1'J'H1ff1\JNff1J'lltl~1~QAlJ 3 4'1\JA 1JNaAtltl 't11 'HltlatllJ 

1rntJ1Ji1 i~Rfl11 1f1~QA1J 2 'JfUA ua:V'~n1mrn 1f1~QAtJu~a:i1 i~1fiu!tJva:: 50 ~tJ~1nA 

fitJ1f1~Q~1J,~1Tfr.t~uti 3 'JfUA 

3. 1i Quadraxial Blend 1fllJfl1l'H1ff1\JNff1JV1fll~QAlJ 4 4tfUA ~~iiNaRfltl ltlfttllJ~~ii 

ff1\JNff1J'lltl~l~QA1J1J1fl4tfUA 1A'HatJ1Ji1-utJ~ltlfttllJ~v:~~~1a~ U~~tl~1flA'lltJ~1i Quadraxial .. . 
Blend U\JtJdfi1AQA1JU~a:'1fiiAv::iitl~1J1WiJ~iiA iij1tilJ!tJva:: 50 

1lJm11im~tJ~ "m1i9'1lJ10J't1uhi'1lJ1\Jv1mt11uflatJ" fliv1rn Triaxial Blend 
4 .. .. 

LTttl'H1ff1\JNff1J'lltJ~1i7tJAUil\Jv1fl1'~QA1J'Htlfl 3 4tfUA 
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...,,..f .I ...,,. '"' 1! -JJ! "' A a ,d.,. 
1. 11i'll'l..lluU1J1J11iflfl (Press Method) mnnt91'11tl11i'l..l'1tl~61ffmmfH11ltl'n1JUH 

ti • ti 

flfl A'l..I umahttUfllllfl i~mi lfl;tl~flfl lv l9111J91~fl i8 lfl1an (Automatic Hydrolic Press) ihi~ 

~UflV9111..1mi mt::U1J1J1i111lfll~thii'~fl'l..l,;1t1tifl~ii lflmuTf1::1'9IQA1J~1911t1111.h1111fl1..1m1Ha9I 
... .... ~ .o!I ~ ~I .... .... I : d,Y. I 

1J'flfl'WW::11J'l..IH~111tl11J'l..lr:'l..l(Dry Press or Semi-wet Press) 0Jf~tl9111n'1'1..1'1ltl~'l..ll'n 11Hn'1ltlg 

tJ1::111w!vva:: 5-16 ciliiY11111t"11..11fl1i11..11lv1..1 i~) ltv~mflvm ~Vfl~n::m1::1i11..11ui~ ulifi11.W 

1! J! ~ d d ... "' r/ ... ,.f'JI ~ I QI 

~::'1tl~n''l1~'11tl111'flflU'll~ (Steel Mould) fl11tltlflU1J1JH'fl91flWcrl~'l..lfl'IJ91tl~11J'l..IU'n~91'1..1 

1i11..11'H av11 iliiiri11..11~11m::th1..11 ~~1Jlfl ~::'ti11 if tltJAYf1lTf1lfotlfl Ha91fi'Wcnff1'1..1 hnyi~un 
,l .... ,l ,l ...__~ ,l ........... ~,, 

n1::mv~FJ1H1..1~ m::mv~\j"n1..1 ~iJn1w 1'ti111 m::mv~~~,..,'fl~fll v11h::fl1J m1..1911..1 

-.l A I ... ... d 0 ,Y........ ~ 1! , I d 
2. 11i'll'l..lluU1J1J1fl (Extrusion Method) fl'l..l'n'l..l11J1 111l'flfl'WW::m1..1ntl'l..I ua:: 1JU'll~1Jlfl 

QI .Qd. .. Q 1 ' • QI Q .. ' .Cit, ~ 0 , .. I .J!: A .cl Q 

'1..1 fl 11U91W1Jfl1J fl tlHl'IJ 1 fl1 fJ ~ tlfl fl '1..1 (Filter Press) 11 Wtll ~ mw:: fl '1..1 U TI 11..11 IJ l 'U 11fl1tl~1flfl'1..191111 

lUU1J1J~ltv~m1 1,;1..1 1i11..11ni~ l1H~ 1i11..1'riv'll'l..llfl~l~'lfl'fl1l n1gt11l 9111lM1U1J1J(Die) lfl~v~1fl~'l..I 
lf1oti'1i1m 2 u1J1J 

• ti • 

2.1 U1J1Jfi1ffl111JA'IJ'lltl~'fl1Jtlfl 11..1mi;flA'l..I (Piston Extrusion) 1UfJAUfi1flfl~tl~ii 

f11111a::16t1f1111n ih1..11mliiiv111fHa91'riv!vviY1t1 ~iJmw11'~1 (Electronic) ~H'l1rl1..1lt1..1 
I .o!I "' I~ A <II 4 ... , I ,.J!'I 

2.2 U1J1Jff1'1..1 (Augers) n11Jtl'l..lfl1J Pug Mill U9111J'l..llfl1tl~1Jtl1flfl'l..l'll'l..llfl my '!J l'l..I 

1~~1'1..1~91ff111fl111J n'11J11tlHn91 i~1..1U~1J1W1Jlfl (Mass Product) fl111J1~1W1JU1::1J1W 20-25 

R.P.M. 1,;u v1n1..1i-n~uf11d'vA1..1iif11111milv1111n m1Ha9lvJ 111l~~n1ii~1i11..1~uv1111..1m1 
nviY!1~ 

-.l .I I ... .l -•1 -,,1!.o!I 3. 11i'll'l..llIJ'nH911~'l (Shaping Method) 111Jltltl~ fll'l''ll'l..llIJ flt111i 'JJ1ltl (Hand 

~ ,d.,. ,,1! I , '1 l 4 ,~ I -.l .I -~ "' <II 
Forming) U'fl::11J'IJ'n'l..ltl1J 'JJn'1'1..1 11qj '1..1 HlW'IJ '1U1Jn1i'll'IJ1IJ11'flltl11i'11tlfl'IJ flf) 

.l -· ... 3.1 fl11'11'1..11IJU1J1Jtln'1:: (Free Form Method) 

.l .I I 

3.2 fl11'1l'l..llIJU1J1JUH'IJ (Slab Method) 
.l 

3.3 fl11'111J11.JtL1J1J'llfl (Coil Method) 

3.4 fll'l'~'l..ll1.JU1J1JU-t11..111~1..1 (Throwing Method) 

3.5 fl11~'1..11UU1J1J11Jiifl (Jigger Method) 
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.1 -· ,,, ... ; 3.6 fl1'.i'U\JlIJU1.J1.J "lf'VOJ'nflA (Hand Press Method) 

,,l -• ""' ,,l -• ... ?I d I 3.1 fl1'.i'U\JlIJU1.J1.Jtnn::: (Free Form Method) fl1'.i'U\JlIJU1.J1.JtnY1:: 11J\JU1.J1.J'Yl~1f.I 

; "' ?I "' "' 
un::ff::A1n111n ('Y11 'n'.i111J'nC)flll, 2523 : 20-25) m1i1uuuuvu1:: mum1i1u 1Av1~m1i1ui1r.1 
.di .:ft I , '1 °' ... .di d ,, : d °' 4 ... ,~ .:, , II .! 
1Jf)11J\Jff1'1.J my Af.IV1fftJAfl'jf)~1Jf)lftfl'1'1.JVtJ'1'Yl~'YIAAUtJn~m~11'5V1J ".IJ l~tJ'Yl'Jll') tJ fl1'5U'l.JU'.IJ'.IJ'l.J 

,~... di ... - "' ... .!... '1 : I ;.;. 0 A ... ... ?I 
\l:: ".IJ11i fHH 1.J1.J flA 11iU\JU1.J1.JVff'.i::'l.J1J1J1U~ 1.J'.i1W ~~U~1J'lft:lf.ll'51J'Yl11fl'.iV~1flftfl1.JA'l.JtN111J'l.J 

"' "' A 1ui1\l,uu~1um~tJ1::m'.i~ff~1fvd u~1iuu1iilf1 u~jjfJwti1'Y11~finilAn111iv1..1'1 U\l,uujj 

, f fl'l.JVV1~fl1'1~'U11~, 'l.Jfl1'j Nii~ft'wcri'tJ1::m'Yllfl~V~tJ1::A1.J( \'f'.ilflf.l'j~ f.IVA11ffll un:: '1'1.1vnijil1 

f.IVA11ffll, 2538 : 19) 

,,l -• I ?I - 0 I ... A 0 -• , ,, ?I 
3.2 fl1'.i'U'l.JlIJU1.J1.JUN\J (Slab Method) 11J'l.J11ifl1'.i'Yl1UN'l.JA\J1'nfl'l.J11J1u'.i::flfl1.J 11111\J 

'Yl'.i ~~ H'l 111111::n111 i'u Na~ft'w crf~jj5n'l!I w::1iiu111 ~v1111;vztJ'YI1 ~1'.i 'U1flw ~ un::1tJ'Yl'.i ~~ 
,, 'IJ I I 

utJnn'11i'ti1 41iumn ';jo'IA\J 1'If1rtuuNu \l1niru 1 ~1fl;v~ilv~ji1A\J~1111tJnliv~m1 uil11h i-u 
tJ'.i::nvunu1~11iiu1tJ'Yl'.i ~ 'Utu::tJS"::nvuAuliv~jj5n'l!ltu::11111A'1 ~~\l::~jilliiu ltJ'YIH 1iA u/111~ 

"' 
'll1A\J (Slip) 1iiu~1~vtJ1::tY1u1vr.11'1f~AffU'Y1(1J'.iAfl hm, 2542 : 36-37) 

,,l -• ...... "" -dJf.M ,l!., ... ,, 
3.3 fl1'.i'U'UlIJU1.J1.J'UA (Coil Method) 11i'UA11J\J 11i'Yli:;iu\J "1\'IA'.i::11.Jf.11.Jfl1'.i0Jffl\J'Ufl~ 

~ Q ' 4 QI , Q I t/ j/ ~ Q I 4 4 ~ 0 

ln\J A\J ~ fll \J f)~fl\J tJ \l\JlflA 2tJ·m ~~1~'1 ~11Jf1111JtJ '.i::U ~fl fl1'j0Jff}\J ln\J A\J f)f.11~1J'5::11.Jf.11.J\J \l::'Yl1 

, ,,... ... ., , jJ : "" ., .J! ., : di ,, ' ... ,, ,2 2 d., 
11A\Jff11J1'.itl~Afl\J " 'Yl~'1'Yl11~'Yl1.J".1Jf}\Jfl\Jfl\JH::fl'.i ~ tl~U1J11A\JU'H~un:: <tt1N1\l\J\'fflUTI'lflf.I~ 

... ., ' .,~ - • ... ., ; ?I - d, ,, ., 
ff11Jl'.itltfl1::~Afl\JU\J\Jflg "1 L\JlIJ1A1J ('Yl'.i~'n\J1i 'J'j'jfll1J1ff, 2532 : 192) fl1'.i'Ujil11J\J11i'YI 'ISfl\J 

I I 1 I II dx °' ,,l -•2 _M I """"' ,,l _12 "I vr.11~11 Tt111n1r.1 Af.l'IS1~i1u 'YI rJ \J1flf.lfl1.Jfl1'.i 'U\J iu"11f.1Uu\J 11 ~uun::"lf1~'Yl\J f.11J'U\J zu"1r.111v m1 
l! 1 I °' "'1.J! - .! I °' .. ?I ...... d d d ... 

ff'll~ mn1f.11J~fl'jfl ".1Jfl'5'.i1J11i\Jl'IS\Jfl\J l\J f}~\l1fl11J\J11i'Yl'.i1A1'.i1UH::U'U~U'5 ~ fl1'.i'UAA\Jff11J1'.itl 

0 12 2 ... ,l ... ... ,, "" ,11 2 di 0 ,11 ... ' .! ?I : ,,l , 
'Yl1 "1tl'lf.lfl1'.i1~'.if.11J1\Jf}til\J111\Jf.11111m\J1n\Jf.11'l UTI1\l~\J11n\JA\J111H1\J1J1'UA11J\J")f\Jll')'U\J 11~111 

fl111J\l ~~liv~m'.i fl1'j ~Atif f>A\J1~1i1r.1n\J ~11iiu liv~11A ff\J 'UAA\J, ,f 1rtu 'j f)f.ll\4f),;1f.I, ..f 'Ujo'IA\JU~ 
: ... ... 2 di o : ""' A 1 ""' _1 ...... .l 1 ... ?t 

n::"lf\J~Afl\J UTI1\l~'Yl1\J1A\J1'nV 'tt1Jfl1'.iu'.i::ff1\J~'lfl\J'U\J Af.lfl111J'tt\J1'Ufl~A\J\l::11J\Jfl111J'H\J1 

... ... ; qi ... ; ... , ; 
'Ufl~NH~.fltl.!<fl (~WW'.i~\J 'n"lfflJ 'n\j'.itu, 2538 : 35) 

,,l -• _Sj ?I""""°' I _Sj 0 
3.4fl1'.i'U\JlIJU1.J1.JUIJ\J'tt~\J (Throwing Method) 11J\J'Yl1'1fflfl\J11 UIJ\J'tt~\JQfl\J1 

1.J!: I ... I ... A ... ,,l -•1 .! ?I d~ ... ... ., ' M 
1.11 &".IJ~~u~ 3,000 Uflfl\Jfl'.iff~mn 1fl'.ifl~1Jfl'U\Jlu 1.J'.i1tu\J11J\J'YlrJ'U1flf.lfl\JAU111'.i1.J'lfHu\J 

1Ar.1~11tJ (ff11i'.i "lfn'lf1~ilw 1qJ, 2544 : 79) m14u1tJl1m1ilu11~u1iiu1im1~mffr.1f11111'Jf1u1qi 
'Ufl~,;1~Uu1iiuvrh~111n 1rlum14u1tJuu1.J'YIHfln11 1Atifl1fff.llfl~v~ilv uilu11~u1uuifv 1unw 

1rluuilu11~u1fuHfl'UihJ (Kick Wheel) ~v111iti19Uu1m11jilti1ft'ha~i-w4h (Electric Wheel) 

... ; .! 1 ., ; ; ,2 I ,l!' ,l ... M "" 
('Yl'l 'n'.i111J'nC)fl'l!I, 2523 : 30) \Jflfl\l1fl\J fl1Jft '.ifl'l!l'l~tY(2538 : 52-57) "1flft11 ·n1 1\Jf>A\JIJ\J'YI 

• .l l ...... .r ~ ?t .l ... .M 4... ... .M di.J!.M ,, ... "' 
\J11J1'U\JltJ Af.111i\J\l::"fl~11J\J1\Jf>A\JIJ\J'Yl1Jfl111J111\Jf.l'l\l~ UIJ\J11~\J'YI ".IJIJ\J~f}~1Jfl111J1'.i1'.ifl1.J 



,, 
jjfl1111U~~fif>1Jl'ri1fl'i.ni'~~fn.J fl11\J1FIA\Jff1'Hi'1Ju'.l!\JlUJ\Jt::A'f>~\J1FI 11f1rlu111'm ~flft11 

... 
flH1~fl1'111 
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,, ,, . 
3.4.4 fl1'.itl~TIHfl1::1Jf>fl fl1'.iUUucllu'H~U t::if>~i~TIHfl'.i::mlfl i~itfount:: 

,, . . 
3.4.5 fl1'i'W\111.ITI'.i~9\1~ci wa~tlflilUTIHfl'.i::'Utlfl ii·m~1flunU1'Wtl LtLU~1 L~11 

• .d 
1tlat1u11ITI'.i~R111TI&'.i1if>~fl1'.i ,, ,, 

3.4.6 -iiuRnu~~'H1tl-Uuth1~t 1i1Jum'.iRm1~~ritJut1flNiiRnwcri'tltJflt1flu'.l!um~u 

3.5 m'.i;fu1tluuu1ujjfl (Jigger Method) 

fl1l;f u1tluu1J, 1JjjFI 1rlu fl1'.i Na Ru 1J1J111~l ! 1U&11'1::U12J1'.iflNaR ii\11u 1U2J1fl 

nfl1~1 ihu1mviiuri ,-,1u ,,111 ir1rJ 1iNaRtJ1flt1fi2J..f (Mold) ua::1ujjF1R111am1w::1tl-i1~1\ltJ~ 
... "' .. - ... ~ >I "'"" d ' ... ... ,s "' , ., ... N1'1RflOloVI fl'.i'.i1111iN1'1Rtl1ntlU1JU'H~UTI11fl112J1'.i1t'J~ (120 '.itl1JRtl'U1TI) 2JUl\IU111'H'.i'U ft' 1J11fl 

fi2J..f~1rluuuu;\1i1t1~uvrn1u1~tJ! ijJ~,,UflU1J1Jtnt1Utlfl (Outside) 1,Su u'.i::&flTI '11U uuu 

mt11u (Inside) 1,Su tl'.i::mTili'1t1 1rluiu 1ujjF1u!1~i1t1mgnu~~ 1f11.-iiluR12J21l-i1~1\ltl~fi2J..;' 
...... ,I -•1' !It .l ti "" ... !It ' 11 "' iu "" "' A 11ifl1'.il\l'IJlm.1111J'IJfl1ll\l'IJJ U1J1Jfl1tl'IJtlfl 1RW2Jfl'IJ11J'IJUN'IJUTI1tlfl 1J'IJU1J1J'W11'W 1116111'11 

" .... ! ""' ,_. -·· ........... ,I-• " ...... !It J! 'H~'IJ l1J11Flt::"Jl1'11U1'1i!FI 1J~111Ju'J1~1\ltl~U1J1J'W11'W 11ifl1'Jl\IUJuU1J1Jfl18 lU 1R'itl11FIUllJUfltlU 

mrn ult16.-iri~ 1 '111 uuuufi11,;'~,~;t111 i11f1ujjFtflttn~ i i11uuuu 1 \Jl\IW::~'H~u Aut::Qfl6'F1R111 

, ,I '11 .... e' ,,}! : ,J! I I 'I ,,.... .... ... J! ... .... e' d 
U1J1J Ufl1'.il\IUJ U1J1J'1fl1fltl'.ifl1'.i 'IJ'IJ1l'U1,,1tl 1'W'.i1::V::,,1t1'th l'HN11\ltl~FIU&'JtlU~tltlFI 'WJJ'W'rl 
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qt "QI "" ..,... f ,l .... o 1 " ,l .... " a , ,.... , QI " .. " 

-ldU'Wnlffl~tJ1rN11JfJWff1J'U~~AU1111fUUtJAU't11 lll\.ltJAUUll~l1'JUf1:: 1J~AUU\.lfl'Ul1Ul'W1J'W 

t 0 .J! - 0 • .. ... .... dip • ~ " ,l ... "'i . d 'tl\.l~f}\.lfl11't11tl1111'1rfl111J'l1i'tlf}~fl11't11UNUAU l11tl'tlAAUfl " u~11::~tJ~hnt.1tJAU't1 1JU'tl~Uf1:: 

lltJ~ hil11fl'llnu ~~11::'ti1 hfl fnmu1u 1um1'ti11 ..ru..r~ m11Jn'tltJ~-W1J.tf flA11::lltJ~ 1 fuHflA1Jlfl 

4 , " ,l .. QI QI " it.11 • " .... " ... QI ""'"' t.l .....,. ,f 'Wtlff1Jfl'l1l'Wtl lll\.ltJAUtJA~'ll'\11 UfJflff'JU'tltJ~l1Ul'W1J'W Nfl~fltuc:rl't'l'tl\.ll fl111J'l1iU11:: 

• ,l ... .d.. ... QI .l .. .l qf QI ".. , " t.lnfl{)1tJt1~tJ'tltJ~11..1tJAU't'llflA1llflfl11'tlAllrn1tJt1tJA'tltJ~lutJAU'tlU (~tutu1~u vtYqJ 'W1Jfltl, 

2538: 47) 

.....,..,f t.JP """"' ' 4. 'l1i't11..11 'l'ltl'l1illfltl (Casting Method) 

• ~ -"' tJ .. QI .td, . "' A 1.P A ... " ... QI ... " fl11llflf}l1J\.l'l1i'tl'U1 Nfl~fltuc:rl't'I 1Jff11J11fl't11..llIJM'Jtllfl1f}nfllfltJ1l11tlfl11tJA'W1J'W 

,I t.JP """"' • f ""' ~ QI "" tlo , .,. o • ""t.J 4 
fl11't11..ll M'ltl'l1illfltJ'UlAU1l::~tJ~tllfftlU'U'U'W1J'W111U'JU1Jlfl Ufl11Nf1~ fll'llfffl (Slip) l11JltlfH 

II I ,, ,, 

UlAUlllfl'l 1At1'ri1it.1 1m::u1Aunrni'u~1umfo 11vfl11 (Casting Slip) l!tJ~19l1Ju1v1nuAu 

~m1::fltJulurb1..1Nff1J'tltJ~J'1Au~1v m1~1..11t.l~1v1i11rltJJ'1Au1111J1::nrni'um1Nn~;fu~1u~ 
' II 'JI ' ' 

t11fl ih1t1fl::tfit1A1Jlfl ..,;tJ~1uiitfou~1~oiwftJu i'Jiu iu~1uun::f11t1 iu~1uiiii1t.l't1Ht11at11J 
4 t.J .,. , , A QI .t .t t.J t 1 ~ .,;.,. t.J , ' f 

wrn1 't1Htlff1::~H'llYU lfl1tl~"l'tlfltuc:rl Y\.1~11..1 1::lfl't1~~ ~::l11J1 't'IHflltl Uflfl'J~ lYU fll\.11 

Y1-muw u.-inu 1flN1iJA ii1ullu (ivti~1 ~~m1fJIU', 2541 : u o 
nn'HrltJn-at.1~iit.111'ti1nuli 211 flf} 

i. m1HrltJn-nt.luuuflf11~ (Drain Casting) 11111t.1il~ m1HrlmdtJ i~fl1111111..11 
,, . 

'nflff1Jfl'l1'tltl~Nfi~fl'tu otl'~t't'I U lffaUfJflfl 1llfl'rt1J.tf l't'lflU fl l U fl11 l't'lffnt.Jllfl~tltlt.1'1l't1Ufl::fl11 i ~111..1 
... A., ... t , "'"' , ... .td," ~ ... .t.t "" ... ,: di.JI 

l11JAfff!IJ UU'U'U 11u::uu11::'ti1 llN'lfllt.f U't11't11:: 'n1J'W't1 Yl1JU'W1J'WYUlAt.f'l'Hrn'Hflltl'lYUfl " 

"" " ('t'l'l 'W1l11J'W'lfll:I, 2523 : 43) 
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2. m1'Hriva-ihJm.J1.J~u <solid casting) 'tt111vo~ m1'Hriva-niJn~lui;11-n'l1M~lumi~ 
'II 

~lJ 'li'vu~fl9i1~fl'u~fiv ro::9"v~fi1u1.J1.J\;11'W1ijmljvufl'1.Ju1.J1.Jfllt1~ \;11-n'u1.J1.JU~1fl'~f11111'ttlJl'U6~ 

Na~fl'wcri' iiv11l.rlum1Mrivro1u1iJn 1fl~v~tt.,.fl'wcri'9i1~41 
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... .I '12 ' 2! ,,! ... ... ,,! "I d 1 ... 2 ..: 0 

lf1A'll\J1J1 ltl 1~\J fl11l11'1ltH~Wn\J 'HHlfl111JA~O ~\J~l\J lA"lfWlllJ Atl'H'1flfl1rnn1fl1'J'Vl\l:'Vl1 . ,, . 
m1tJrlot11lfm-l'~ovH~l"ltlBt1"11f1'Utiot1"l1tJ 1iifflJf111fi\l:d ~vflnmrnlf ~ ~1\J;\J lm\i"l m~fi 

~o~ 1~11'111 \Jmwm11f ~'U1'Uil'mRo'U ov1~ 11~f11lJ1do1f1'U 'Jflffl'Hfl'nlJui!1 11'111f1'Utl\lit1~ . . . 
d1tiqJmfl 'r111lfmno1lfulf~1fl'Uii~fi1iimmn1'r111~ ;~1nAmni'1l'U1m:u1\Jmrnuu lf~1-Wo 

'1A11'11~\l:~O~'Jtlfltltl'1~lJ11lf1~1~tyA1fi1~\l:'rl11~ 1Atlfl1'JU111t>\J 1 'll'lltl~fllJ,fl11lJ4\J Ufl: 

~W'Hflijl.W1m'lf1t1 (fl'IJV1i'11'1J1~flffl'Hfl'J'JlJ1fl~0~1fla01J~'IJ1N1.fllfll'HUB, 2538 : 84) 

fl'11flm1ouNn9lfiwcri'llf ulf~ 
"I ... ... t1.d.l d "I ' ... : ' - • 2 ... 4 
l'IJN'1flf1Wcrl'rl'll'IJlU1ff'J\) l'ttlJ"l\l:lJ'IJlth:mouog 4 lIJU'U'Utt1tlfl'U flB 

4 :~~ .,,, Cit. QI " ., .A ,, 
fll'Vf'YI 7 UtYA~\J1'Vl11J'Utf11'H~'Vl1 'HN'1flf1Wcrl't1Afl111Jtltl'l.IU'H~ (Shrinkage Water) 

-~ .<IQ " 0 (u:iAl TflJTf'IJ11'111, 2539 : 204) 
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..,; : _j Qf I, I I , ... 91 ,/ 

fll't'f'n 8 Ufffl.:t\.llCJ1.:tQfll\l·30g \J .. 6.:t11.:t \JN?l~flW<fl (Pore Water) 

(mfl1 -n11-n'-u11-u1. 2539 = 204) 

.:I : ,,j • I '1 1 1! A "' .,. fll't'f'n 10 UffA·U.llCJ1.:t11'I::fl61.J6g \J flHffl1.:.ll\l6.:tNafl1~q~m (Crystal Lattice Water) 

.I'! ... " 0 (111A1 Yf1l't'fl\l111\11, 2539 : 204) 
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... d ... ... ., : .Ii ... ... .Ii l ... 
N1'lltNU'll~'Jfl'11'1.JA11fl1111ff11111flt}ACJ11.J'l.J1 CJt~f:mJV:11fl111111'1.J11TW~l1'1.J~ 11UU'Jltl1Ul 

I : , ,l d ~ 111_1 I I A ., -· d 
111flfl11 un:m1n-:n-11u1 'l.J1'1.J6'll6~U'll~v:mu mmn~9'61'1.J6~ un:6~ u1u'll6~11n6Amfl61 

... : d. ., .l ., ., , :, ., : ,l "" ., .. A ,, 
tl1111nt'l16~'1.JTVl\]At]A 0Jm'll'l.Jfl1.Jfl1111A'l.J 6'll6~'1.J1 'l.J1.J1W1fl1fl A~'l.J'l.J1'1.J6Nlt9'flWCfU116Ul1n: 

I OI : .:II Q .Ii ... d OI : ,p,, ... 
fl 6t161t)ACJ11.J'l.J11'1.J111 W1fl1fYV'l.J fl~ ,Aff11iiJlt 'Vf 1flfl'l.J 'll11CJ1~11111fll1 tl11JV:t}ACJ11J'lJ1 ,-i 'l.J 6tl 'Vf 1flA 'l.J 

JI ' JI ' 

9i1v:t1Aoi11f11111;fu ii111flfl-i1Au'll111il6n1flih~~rn:16t1A111flfl-i1 tl~111w'll6~1hrhh hf r-ia9' 

., .. QI A ... QI .... ,, ,, : _,... ,,! ~ : I d. ... QI 
flWCfll1A9'1111661JNlt~flWcrl Ll1Ul1~ 'l.J1u1111W'l.Jl1J'l.J'l.J1ff1'1.J'YIUtlfl6'4fl1fl'll6~fl'l.J66flV1flfl'l.J 

' " " " 1u'llw:nAui!ur1~fl~ffm'Ytf11111111ilv16d u1tli111wilv:ij~1u1u i111ntJn6glu'lf1~ 200 l111nfJn 

QI t A : ... ,,! ., , I ,, ~ 0 ,,, ... QI .. ., 
A~'l.J'l.J l116'1.J1t11111W'l.J\]fl'UVA66fl iJlu1:1111~fl1161.JUl1~ V:l1J'l.Jff1ll1fJVl1 l1Nlt9'flWcrll1A~1 

,, . ,, ,, .l 
U1nQfloU~6dmv1u'lf6~11~'ll6~Nft9'flWcrl u1iJ~111wilv:ij111fll1l6tl'6tJ'U'l.Jtl1.J'll'l.J1A'll6~ 

6'4fl1fl'U6~1~QA1.Jij'U'l.J 1Afl1: V1tJ~111fltl'6moWtl~, A 'l.J 6fl Vlfl;f ~~ 'l.J ti'11m16A i 1tl'l.J 'U6~6'4fl1fl 
19'QAtJ fl6 6Ai1ti'u1im.iu'U'l.J1A i11u 'll'l.J1A'll6~6'4fl1fl'll6~1~QA1.Jd'1l11qj111611m11 l6mff~v: 

,l ,, ,, 
ij'Ji6~11~ 1'l.Jl'U6Nft~ fl'w crl~ij111mm:'1i6~11~ij,,u 1A 111 qj ~:i! u u 1t~ijl6fl1ffQfloU~6dl u'1i6~11~ 

'!_IP d • "' d 'I,, d. 2 QI d. ' 
1Jlfl9'11J LlJ'ft1fJ 6'4fl1fl'll'UlALltfll11tH'\:l6tlf\flV: Ll1Nlt'Yl9'1~'Ul1Jfl'U'Vlflltl11Jl 

,, ... ., , • d. .Ii .. _, p ,: ... : : 
U1, 'UNltfl'U6~ld 11flV:'YttJ 'l.JU1'Yt1fl'Yll1'U~lCJtltltlJ1:fl61.J'ft1Vl'U6ltJ6fl'111'11'1.J 'U iv: 

,, ,, ,, 
f~ijili111n u11ur-i~tl'll6~1dijuHvAfi6u~1~q~ m1'lliAf~fi6u.W1~mn u1'11ilAilv:1111A itl1u 
t ,, ,, 
'll'U9'6'Utyfl'Yl1tJ'll6~'ll1.J1'Utl116'UUl1~ 

,l QQI.. ,, ... QI,, .... ~ ,,,l ..,., ..... 
l'l.J6Nlt~flWcrl'UW:61JUl1~11tl1111A9'1'U6tJtl11A'l.JTI1'1.J61 l'Yt11:11l'U6Nlt9\flWcr111'Yt1tl 

., ... • , Id. d. .. .Q d ' Q 4 .Q ' ' 0 , ,, ..... IQ : 
1~QA'U'UHt'l'1'1.J 1111fl1111n1'1.JtJ"Jlln:tl~1Jl2Jfll1tl1'Ufl"J1fl'l.J CJ1~11ff"J'l.J41f"Jtl'Yl1 M~f'ICJ1'UIJ1111W'l.J1 

tl'6va~ un:Vi1 hf Nft9'nntcri'ijf11111'Yt1u i1~11rt6mf~ m1~ij'll'U1A~Hti''U'll6~A'l.J iiuufl'1 iiu-Wu 

J11 ti6 iiuufl'1un:iiuyjuJ111rlu1'~q~11~iA1rlu'Yt1n~ij,,u1A11v111 A'l.J'l111ij'Uu1A1gm6~n~111 

un:A'l.JA1lrlu19'QA1.J~ijfl1111lt:lfltJA111tl li1hf1if 6Nft9'flWcrlOAi1ti'u~(mA1 -n11..f'l111.U1, 2539 

: 203-205) 
QI • ,, 
ltfl'WW:9'1~61'll6~fl116t1Ul1~ 

,, -·' .. .. 1. fl1101.JUl1~Utltl8'6'YITilt61A11tll66'l' (Hot Floor Dryers) 

,, ,,!, ,, ,, d.,pQI 1! , • al d. • _, • 
fl1161.JU11~U1.J1.J'l.J '11116~01.J'YI 'ft11.Jfl111116'1.J111'1fll~1 '1.Jff1'U'll6~Utlfl'VIN1'1.J111'Yl1~1Jlt6~1:1.J1tJ 

1! ... ,~-· d. , ,, 1! • 2 , ,, , : ... ., .. d. 
fl111116'1.J 1116 'IJ11i6'U 'YIV: l1fl111116'1.JN1'1.Jl'U1111 'l.Jl16~6tl 6'1.J1V1tlNlt9\flWcrl'Yl1:ll1tJ66tl1J1 
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o,!J , tJ I ~ .l 0 ?f .!'... "1 SJ 1" 
'Yll 111J'l'Wlfllff 1..111tl"'tl1Jfltl'l.J,,l"''Jf'l.J '111J'l.J~tl"'1Jfll'l'fl11JfJ1Jfl111J'Jf'l.J 1..111tl"'tl1J 11l111Jl::ff1J 

~ . 
ua::ri11..11J1nlf v"'v11u1111u1ffi11Hii~tiw'1;Jjj~1..11A 111qj1J1n 

" "' .lQIQI" 2. fll'l'tllJU11"'UlJ1JtllffVfl111J'Jf'l.Jff1J'W'Yl1i 

,, ~ Q;' Q,I d , .cl " , , •4 ~ A QI QI " 

fll'l'tllJU11"'UlJ1J'l.JtllffV11ttfl'Y111 ~tl"''YllUVflt:ig':: 1J1Jfll'l"l'::111V tllfl111J'Jf'l..lff1J'W'Yl1i . . ~ 

jjfi1q"'1JlflU"11'1::jjfll'j1Yf1J~W11t.Jii~~l1J Ha~tiw'1i11it:i"'fll'l',::tllJUlf "'ulJ1JUff11..11Jlfllrt'l.J 

... QI .,..;, "QI 1 " 4 ... ..; A ..; I " ..;... ... .l 
Htt~flWc:rl'YI 'JffllJl~l~ 1J"'fl cif"''1::1J'l''l'111'l'tl11"'1JU'l'\l'Yll.fl1'\tlU'YIH1U11tl"'l.Hl'Vl1J~W11fJ1J~"'~U 

A , ..; .l QI QI .,... I " .... : , ... QI " A 
l'l'tlel"l 1.J~W::'Ylfl111J'Jf'l.Jff1J'W'Yl1i1Jfl11Jlfl''l.J L1J1Jfll'l''l'::111V~tl"''l.Jl 1.JHtt~flWc:rltltlfllJllttV 11Jtl'l'\I 

I d SJ 
tltlfl1Jltlell"''l'1fll'l'1'1.JU11"' 

3. mwm1lf"' 1~w1fi'"'nil1..1-W'l'11'l'A 
" .1" ... , o ... A i" ... ... ..; in fll'l'tllJU11"'U1JlJ'l.J~tl"'1JU11tt"'fll11.Jflfltt'l.J ~Uff"' 11'l'tltl'l.JoW'l'll'l'fl'Yl,::'fh 11 L1J11'\fllt~tl"' 

: , ,l "' QI " ""' ti 'I_ I "' QI l? ,l , : .. QI " 

1..11 1..111.JtlHtt~flWc:rl~flfltt'l.Jl~l mUtt::lflfl'Wtt"'"'l'l.Jfl111Jltl'l.J~'l.J''l.J tl'l.Jl'l'::111Vtltlfl,1flH1'\~flWc:rl 

tJJ QQJ' ,, d d ~ 
fll'l'61J1111"'11i'l.Jfltl'l.J~l"''Yl'::'l'1fll'l'1Utt::ff1J11ff1Jtl 

"1 1" A ..; 4. fll'l'tl1JU11"' AV 'Jffltt\.lfl112JmJ~ 

, f 11nflfll'j111i'fo1..11i61..1-W n1 'j fl 
I _ • ..; ?I A ... ..;... ~ I 

11~1IJav1..11J 11u1..1fla1..11'YI ~'YI 1J fl 112J 1,,1J1J lfl") 1 Y'l..I 

l 1J 1mn-Wu'YI1..1 

5. mwm1lf"' 1Av1fn'l'::unl-W~1 

tllffei11nnm'l'ri"'m::unl-W~1fi11..11if vA1..1 1Amu"W1::mh"'~"'A1..1~l1..11il,1n'tiv1..1 
A1..1~1..11A l11qj 1'1f1..1 ~~m11m'l'1JU1..111..11-W~1 'tiv1..1A1..1~fi11..11fl!v"'~AAu,::jj~1..11A 111qjmn ml . . ~ 

vm1lf "'u1111'11li111im1J1'l'11n,::li11 lf ulf"' lll1..111a1v1..1ff'1..1 ':: 1.f-liri"'m::unl-W~1fi11..1'tiv1..1A1..1 

rl'~1vfi1~1111J1::nmh 1lt'lJJmQa~v"'J111..1A1..1 d-1..1 n::1-riv1..1ua::, ::111 vvvnm(1.., '1~, g"'m 1911.U, 

2541: 287) 

;~ior1t1li11m'l'VlJHi;~tiw'11lf ulf~ilv1.rlum::1111..1m'l'~d1tl'\\Jlum'l'Hii~1.cis'l'1iimf 

1'rtn:: ll11'l' 1ilrlvv 1 lf Ha~tiw '1u lf "',.,; vv111 lf ulf "'vd1"' i,,;, ::ij'A'l'::1n::n11lf1nAm'l' u~n! i1 11; v 

i1..1"'11..11 fl'·Nmnv111v l~ fll'l't:ilJHa~tiw'11 lf mi"'1rt1..1m'l' lrlJ'1vvn,1nHii~tiw'1 oif"' 11..11if v 
.. QI .t..1.l d , I ... : ..; ?f fl I ... "'I : ..; QI ,..; ... 

Htt~flWc:rl'Yl~'l.J 1iJ1ff'l''1 111J"l '::1J'l.Jl'Yl11J'l.J tl"'flil1::fltl1Jtlg 4 'Jf'l.JflflV l.1.JTnQfl~flcif1Jtlg'YIH1~tl"' 
QI ... : ..; ?I 0 , " .. QI " QI A " : 4 QI ., I I 

tl\!fllfl~tl"'1~Qfl1J 2. 1.Jl'Yl11J'l.Jff11119J'Yl1 11N1'\~f1Wc:rl11fl~111Jtltl1JU11"' 3. 1.Jlcif"'Qfl~"'t:ig 1.J'Jftl"'1H 

, ... QI " : 4 _ 1 '1 1 l? "" QI .,. A : QI 1-1 1! o 
1.JHtt~flWc:rl 4. 1.Jlcif"'IJ'l'::fl61Jtlg U f1Hffll"'~tl"'Nttfl1~Qfl1J 12Jtl1..11Qfl~'fltltlfl 1J Utt1,::'Yll 

, SJ ... QI fl tJ ... QI .. .l ...... Q QI "'1 tJ SJ ... I -J! QI QI I 

11N1'\~f1Wc:r1U11"'Utt::1Jfll'l'11fl~11flfl~'l.J 11ifll'l'tllJNtt~flWc:rl 11U11"'1JVg11ttlfJ11i9't1Vfl'l.J fl"'l'Jf'l.J 
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ti ' ,,, ,, ... , di ,,, ,, ... "1 ,,, 4 d 
nfltJ 11U11./11B'39111J1i1UJ'V191 U'VllJJ, B1JU11'3 U11B'3B1J111B1911B1J, B1JU11'3 ~W 'VfU'IUfl11JJClq'3 

, 11lBB1JUfl'31Avl~m::un1-W~11rlu9"u 

lflllfl1HQ::tn11N1 

lflllfll (Kiln) 

1P11urnOJt11nmrlu~tlmW'd1A111l1vixA~lftum::111un11Nn9I ;'3iifl11JJn1tityua::ii 

Nll~B1::1J1Jfl11NHPl1r!UBVHJJ1fl 1'Vf11::fl111JNAfHl1A~lflAV1flfl111N1 v::1rluNa lif '31U~1'361~ 
" N1U 0111P11VJJJJ11rlu BV1'3~1 uiu ABU 011 Nn91u, fl61 lflAfl11JJ1 iYv111v117Bi'3vta1va'3 i t11 ~ 

(t51't'fu 1'llllui''3ffnfl°, 2540: 29) uBnv1nd'm1~v::fi11fl~B'3tluAu1N1lif1nANaAua::Na9lft'tucr1 
4 S ,, d : QI .I I QI ...... , , ... 

1Jfl11JJ1-ctt.1111t.IUBV'VlifAUU t.1'3'UUB~fl1Jfl111J11i Ufl111N1 fl11fl11Jfl1J 'ri Ull::fl11fl11Jfl1J~W11fl1J 

(JJlAn 1vtv, 2542 : 42) 19111N1~l~fiuBdluilv1uu 1~iiijBBOU1J1J91llBAvu 1tll1'3 iuu1A lif111JJ1:: 

" ffJJfi11fl11JJiB'3m1ua::ii1h::ifvtim'Vfq'3 ih::11i1A1~01'Vfn~ tlaoAfl'v fl11Jf1JJtY::A1n i~uu~ 
" t1,:: m 'VI 1P111N19112J a-m1w::~1~ 61 A~ u t1 B 

1. mj~911JJ1h::mvtm1Hl-31UeuB'31911 (Perodic Klin) 

..6 .. Q I ~ : QI al ,A.I-~ ~ 
0Jf'311JJ1t.lfl112JCl./11Pl1'VUA911'361V::11JU1Pl1U12JU 1Pl1UfltY 1911 l1l11 1911TIU 

: ..6 I a 4 : ,f ,l I QI ,, ,, Q d ,, 
flHfl1111N1U1J1Jfl'3PIB1UB'3 111B1N191llBA11ll1 'Vl'3UllJUBgfl1Jfl112JPIB'3fl11'UB'3~Nll91'VIV::91B'3fl11 

,, ..6 I ~ Q I 4 
v::tYUB'3fl111JPIB'3fl11'UB'3~91ff111m12J OJf'3U1J'3BBfl11JU'VUAPl1'361flB 

t t I fJI 
... , ' ' • .. • ~ QI 

l.l 1P111N1'VI 2J91Bl\JB'3 (Un Continuous Kiln) 11JJ1t.ICl'319111N1'Vl1N111JUflHfl111 

1 , ,... I QI ,, , ,, , ,, d Alt 4 Q QI ,/ 2 , I 

AV1N1 11PIA91BflU 91B'3 'V11ll1U1U'VfBff1Jfl1116 1119111VU V'3'1::11fl111Jl11Nll91fltucrll'U11911 1111 

1rlu1P11~111111::d111i'1J~Plff111fl1111fl1Vlufl1B1Jfli'1 '31U~Ufl1'11iv '31U'VIAllB'3~1'361 
Q ..6 I a ~ d ... 

1.2 1Pl11N1'VUAfl~fl11Pl61U6~ (Simi Continuous Kiln)11JU1Pl1'Vlff1111'lt\1N11fl61J 

""'..,,ti o,,,~ ti "',,l ""1 "' !' ..! ..6 V::PIAPIBOU 'Vl1 1111JUfl1'l 1::11VA1'VB1'Vfll'3 Af.IB1fYVfl11111BUTI1U11U~'UB'31Pl11N1 Ull::fl11 

1rlu1911iviiA~l~rn11111Nn9lfl'wcr11~JJ;fut;ntiu11if'3 11~u11vua-autiu1tl cb~tha~1rlu~iiv111~ 
tiu-ri'1it1 

1.3 19111N1'VUA~1N1~B1;1B~ (Continuous Kiln) 1rlu1P11U1J1J~ lmfl' (Tunnel Kiln) 
... ~ d , ,, Q I QI ,~ ~ d4 

111B1Pl1U1J1J1~U111U 11JU1Pl1'VIBBflU1J1J 111N191APIBOU M91flBA11ll1 11JU1Pl1'Vl111::1J1Jfnlfl11Jf111 

BV1'3~ ll'3fJUq'3lftu lH-31u~P1ff111m111 

2. UU'3Pl111t11::1.fl'Vl'UB'3'Vl1'31AUll11f BU 

1rlum1BBflU1JmP111N1 ~lif fl1111f BULAU i tlluiifY'Vl1'3~iB'3fl11 ua:: i~ 
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t11:in.1fl1111d11~ ~uflutJd1.:i~ jjtJ1:anim'W lum11f .:i1u mi11+itl 

2.1 &9111N1Wf'l'n1.:J&~ua11ftJuluuu1utJu (Horizontal Draft Kiln) 1flu19!1"Vilf'l~jj 
al I OI ,l .... OI l~ .. al I !II -,~ !II .l .... 

1u'J1.:JfJ111llU11Jflll'WUf'IU 'Hl1.:Jfl1 fl-3 9ll1tlf'lt1JlHU1.J1ul1tl-3 l'U1.Jl911'n 'Dl11.Jl1J1.Jl'Vtll'Wl1'3 ua: 

,~ .... .6 ,~ • .. "" ..; .. , • ., l 
ft'11J11"11N1 f"lfJW'HfJ1JU.:J O)f.:j f"IUfl 1911111J l911tJll 19111N1lfll1tllllOJf'J1f'ltl1.J'nl'VfJ.:J 'H1J 1911lN1ft'.:Jfl an 

..l 4 .4 ~ , "' l "' M "' .f, ' ' !fl .d""' 4 Al , ""' 'n1J'V61rifJ.:J 1.Jft'1JfJ\l lll'rW 1J1l1ll1..ll911Ullll1.J 1JfltlfJl1JU'n1.JfJ1Jl1.Jtl-3111fl'11.JfJ1.J 1.Jfl1'l'Ntt91U.:J ua: 

,l "' ..l,~d .I .. a I .6 ~ 4 ti 
1-istJ1'Wa.:in "Dmntnniuu ua:tln11'l':m'l''H\H?ttl.:ifltlt1fl1t.1fl1J9\fttltu1a1(Y11 'W'J'H1J'Wqm1, 2525 : 

13-14) 

... I! .l .. !if ""'I!". 2.2 l9111N1"11.Jf'l'Yl1.:Jft1Jl01.Jlll1.J (Up Draft Kiln) 1Jnl'U1.Jl9111ll1.J1fl&afl'nft'l1.:illl1.JtlfJ1.:J 

41v~ 1t1nHiuo.:i19\1~'Wt.1jj,f.:inHna11 m'l:n1.:iitmiiv11 'Wt.1jjJ.:i~f11~1v~umilv1 ua:61 

l I! I !'ft I 4 .r .l ... I~ I ,, ""' 

flHtfl1.:iiuo.:i1911ut.1.:i6om1J1.J 2 ff11.Jfltl 11tl.:Jll'l'11l'Vtll'Wtt.:itJg•nuin.:i ua:'Htl.:Jll'J'J1fl1"11.J:'nt: 

,.,,,I .. .... ... ·~ .d : • ,, 
lN16g(lf'lllJ1.JlJ19\tl1.Jll1.J 1JUN1..lf'IUl'H1.JfJ1fltt1J'H'SO·nl'HiW1J9\11J1tJ'n1.:Jllltl-31911fl1.J'J:'H11.:J'Htl.:Jll111 
"'QQl!J llQ 4 QI Id t QI I .,J 

llf6l'Wtt.:Jflll'HO.:Jll'n1fl1"11.J:: UN1.Jf'l1.Jl'H1.JfJ1fl.:Jflft11lWfl11 91Zm'll UN1.J9\Zfl'Jl11.J1l:nn:1na1J 

d ~ OI .l "" , ,, J! I .I .r .l ... , °" Q I ""' 

&afl~flrilf.IHN-3 l'Wtl 11fl111JlOUN11.Jlll1.J111fl11tl.:Jll'n,lYOl'Wtt.:J 1.J'JZAllU1.J1fl-31J1Ufl1Y1.JZ'n11'3 
... ,,, .... .:...... ... .. ' .. ' ... , 
llfH 'J l9\1Y1.Jf'l1..11J'VOl'JfJfltlfltlf.11'3111.J-311 19\19\Zfl'Sll (1J'Sflfl 'YlfJ, 2542 : 44) 

2.3 &9\11N1YUf'l'rl1.:JiUJf tJua.:i (Down Draft Kiln) 1rliu911~iit.1'rlt.11'rld1fit11111n 1flu 

l911~ft'11J1'J(llN111.Jf,JW'HfJUtJ-3 1flu19111N1~1f1'rlf1Ufl'q-3 ua:m1a.:i'JUfl01.J~1.:JU'W-3 1flf.ll~'W1: 
-J91q~1f1um"Srionf1.:i1911 A't1.:i1fluiu92~ijfltutn'W~ n11111n'rlu9ltJum1::~h.:i~1l111-Uu19\1 

.! ... I! !it : "' d ... <ti ~- ... .l ... ,~ 
t11:lfl'Yl1.J1.JfJ1Jft'l1-311J1.J l911U11J1.J l9\1Uflff ft1'H'Slll911Uflft1"1JO!tJ'J::lfl'Yllll1 tJ'JZ'HfJf'll'Vtll'Wft-3 Plfl 

3. uti.:i91111t11:m'Yltt1tJ.:i1tJa1 i1' 

.J ... .... !'II M QI .! al "' !'It , ,, al ,a.I ........ 
l9\1'YllN1Nft9\fltu'1 lU11t1llU1.J l911ll1.:Ju'SZlfl'Yl1JflOOOlllllll1JUl911 'Hlul11 na'1JNft 

Na9lft'tuctflflt19l'J.:i~ii u,\1911111.:i-isuft 1flm~'W1::l9\1lN1&flntlll 11:A'tl.:JtltlflUllt.1,ijl,f1tJa1 i1'u1JNff 

i~mv .;.:im1tJtlflUt.1lll9\11N1A'o.:iiift'n11w:ufln~1.:ifl'u fio 

3.1 l9\1lN1YUfl&t1tn iwu11N'n (Direct Firing Klin) 1i11.Jl9111l!U1fl 111qj 1f&N1Nft9\fttucti' 

a I Q I I! ... ,l I ... ,a.. ~ ""1-r .... I 

u'l'Zlfl'Yla''3fltlft'11.:J (Terra-cotta) tl! fl'l'Zllltl-3 'Yltl tl!'YIU n 11J1..ll9\1lN1'YI 11fJW11fJ1JU.:J ft'1U1J1fl 

lflN1Nft9\fttuctf ~iij1flatlt.1 

3.2 l911lN1YUf'l~.:i-lJo.:ifl'u1tJa1 ,1' (Semi Muffle Kiln) 1f11..11911"1Ufl~tltlmlllt.11,fjj 

tl1U'W-3 i-W (Buftle wall) 1,f 1tJa1 iwn1JN'ft'tl1U'W.:! i1'1flfJ9\H lflt1a'f 1.:ifi1U'W'3 i-WtlQl'HUO,;tl.:ilN1 

(Firing chember) l911YUflif 1f1N1lflfttlll,~~ 
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3.3 19111H1'1fUfl1911ilfl (Muftle Kiln) 1rJu1911~t:itlflU'U'Ulirih::1111cllt:i'3fl\H1.ltn i-n 

ff1JNff lflvlf1'n92't1ui-nnf1'31r!ui111~t:i'3tiui-n1flv9lH lf1H11fliit:iuii~ 'Yllt:iv::lf1H1Hn9ltl'tucrf 

'1fUfl'U\.11flnt:i11~ii lflvlfi1u't1ui-n (Sagger) 'll\.11fl1gn~lf11n1HnAtl'tucrf1.ri11~rnH1 ,, 
' QI .. ~ 

4. u 'lJ'39111Jftfl'1!1 tu::l'1ftlll'f ft'3 

..;1 'JI ... QI " 1! 1 'JI QI ,l ... - • • l911't1 '1f1H1Hft9lfltucrt V::~tJ'3tltlflU'U'U 'YILM1J1::ff1Jfl'U1'1ftlll'fft'3 9lfttlflV\.111Jl1'3Uft:: ,, 
'll\.11fl'llt:i'3t911 v::~t:i'3~flu1.ln'3utfi'lllirm111::n1Jti11'31u 111J'ti'3m1t.h:rnvfl un::lirFm~1Jti1 ... 
flft11fltl 

' ,, 
4.1 19l1'1fUflfil~u1rlu1;'lv1wa'3 (Wood Firing Kiln) ~nf1'3v::~t:i'3t:it:immulirm1 

lJfl i1·n1'1lt:i'3t401l'fft'3 ii~ Uft::ff1111liUH1 iifJtu11tJijtl '3 iflvt~l'f1::i1~n::~tl'3fl1lll't1 ,~ff::fl1fl 1911 

~l~u1rlu14v1-nn'3fff1'31r!u1911'1fuA~1'3'1 i~A111~t:i'3fl1l 
4.2 1911~lfrl1uliu1rlu14t:i1'Yta'3 (Coal Firing Kiln) 1rlu1911~1H1ii~omt.)ijtJ'3 u~ 

, 'JI ,l ... 'JI 1"' • ..; 1·" ... ,,f,1 fl1llJfl 'Yl1J'lltl'3l'1ftlll'f'Cl'3V::9ltl'3tltlflU'U'U 'YILM1J1::ff11 ')ft)'3't1V:: ffl')ftlll'f'Cl'3 trn::mn::'U1V'llltn \.I 

1! 1"' ./QI 
19ll~tl'3 'Ylff1J~'CIUfl\.I 

... 1.J! Id ?I ,l ... ?I ..;1 'JI ... 
4.3 l~l'lf\.lfl 'IJUflff11J'Ul'1ftl1'Yt'Cl'3 (Gass Firing Kiln) 11J'U19lllH1't1 'Yl~tu'Ylt.)1Jq'3 

ff1111lCUH1U'U'U Oxidizing 'Ylltl Reduction ,, ,, ,, 
4.4 19lllH1'1fUfl lf'll1iju1rlu1;'lt:i1-na'3 (Oil Firing Kiln) tl1Vtltlflll'U'Ulirlf'll1iju 

" 1.l1::m't1 lCJfnl(Light Oil) 'Yllt:i'll1iju1911 (Heavy Oil) 

4.5 1911lH1'1fUfl i-nf11 (Electric Firing Kiln) tr!Ut9lllH1~ff1111ltl lir~tu11tJijq'3 ll'CI:: 

• "' ,~ 1! ?I ..; • : ... " n'1111ltllHfl111J1l1 "19l11J~tl'3fl1'5 11J'U1911't1lH1U'U'U Oxidizing l't11'U'U ('t11 l'fl'Yl1J'nC}fl'1!1, 2525 : 

14-15) 

Id 
l911Uflff (Gas Kiln) 

1A1ufi'nil v1uuil' u:i11rlu1911~ti1a'3utJ111 u 'YI ~1111 fl1~HaAtfl4 t:i'3llu Au1H1 1rlu1911~ 
tit:iu.ri1'3ff::tllfltHl 1 irfJtu'YI tJijiJ'3 (High Temperature) jjfl1111ff::fl1fl~tlfl1l 1f '31'U lll'::'YIVA 

,l ... - • QI ?I ..; ,~ 1! Id 'JI 1.J!"" l'1ftlll'f'Cl'3 lJ'CltlflflV 11J'Ul911't1n'1111'5tllH1U'U'U Reduction "1 fl1ln'l1'3l911Uflff V::At:i'3 '1JtlJl'U1 
' ,, 

(Insulating Brick) 1 uml'rlt:itA1'1fUflfijjfl1111't1U i-nq '3 1w'51::'1f1v1.l1::'Y1Vfl1;'lm'Yta'3 ii~ 

1911ufi'n~nf1'3u11111119l'5J1u ~lfnutJd-rt1 it1ntJd 2 um.J 

Id .. 1!.l 
1. 1911Uflff'1f'Ufl't11'3'Cl1Jltl'U'll\.I (Up Draft Kiln) 

2. t9nufi'ff'1fUfl't11~'Cl1Jf t:iu'Cl'3 (Down Draft Kiln) 
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0 ... 1! ,I 
1911Uflff'Jf'UAl'llUl1Jlfl'Ul\l'U 

m1fff1~1911ufiff'1fUAl'l1~a11fflu4u 1~u1911~ i1mtJrl8~ i w u~ii'lif1~1::u1vfl -;i111f flu 

fil'tt~l~Ul'l'UUafJ~,...,f}dlu918'U1J'Ul\l8~1911 'li8~rl1~ (~'Ul911) l°tffl'l11Jf8\JNl'UUN'Ulfl~')fUAl'l'U 

1-WtI~ (Herth stab) 1Av1,jfl1uNn9lft'wonlAv9lH uflu18~d''ll::fi1..,~1~1~u9i'1\l1f11111ftJu~fi 
JI • • ' ,, 

(Thermal Conductivuty) i'u\ll'ttufl ua::'li1m~nvf11111f8ul°tfff1i11ff11fl'ri1'ri~1911 
0 ... ,, ,I ... ~ _ ,..; ..I ... !'I ,, 

1911LLflff"lf'UAl'll~tl1J16Ul\l'U 'UtJ1Jt)t)flLL1J1J1911L'U'Ul1JffL11atJ1.I "lf'Ui\llJi\'tt'Ul (Front 

Q !'I 0 Q 1! ,I ~ ..;.,. , 'l I QI 

Loading) ')f'IJ~U1JA1JU (Top Loading) l9llUflff')f'UAl'll~a1J18Ul\l'U 11J'Ul9lll'l1Jl\l'UlA 1J 'ttty1Jlfl\Jfl 

1rlu1911~1'tt111::d1Mi'u~1ul'IAttfl~ ~iu1iv~1~ci 1~~ 

1911Uflff'1fUAl'll~tt1Jf8ua~ 

1rlu1911~88nuuufffHrl1u111mrJm9111\lu1Almy ua::1N1Nn9lfi'WC)11~~1u1u111fl m1 

Q QI "1 ,}! .. 0 , ,, I QI ~ ,, ..:. ... d ..:. 
1Jll,Ntt9lflWC)'I AtJfll'j 'JJlt:l (Kiln Car) ·~l'll 'ttff::A'lflUtt::flatH9l'l t119lfJ~fllll'rt1JNtlNtl9lfll'rt1J 

, 1!_.S ... .. I QI ~ • I QI ,l ... 'I~... .. ... I QI , •• ,! QI ~ d ... 
1t:l · Jri 11tHflflOJf~ll'llfl1Jl1J'Ufl111J1::'tttJAl"lffll'rttl~ &f!A 0Jf~ff11Jllt:l1Nl91A9lflfl'U u nltl~l1J'Ul'l'UtJ1J 

QI I 0 ... 1! '1 1! , ,, ... _, I .. I , '1 , '1 4 QI • I 
fl'Uf}~ 1911Uflff"lf'UAl'll~tl1JlfJ'Utl~ '0::9lfl~ffn~ 'tt1Jutl8~1911 ·~'O::"lf'ltJ 'tffll'j lNl 'tt1J 'tf'jf}ff'UAllJ 

iiflvl~ft fllltlflfff H1911Uflff'1fUAl'll~tt1Jf flua~ ~n::1rlu19lll\l'UlA lMqji'mll'HUfl1Jlfl ij'tilflll 

I 1! ,, 1! ,,,d .! 0 ... .! I}! I 

flflffll~l911\l::9lfl~ffll~Jl'U11fl 'tfU,,~UH 'l..lfJfl'Olfl'l..llAlUfltY'Jf'l..IAU fllUH't'J'l..lflfJ'l..l'Ul~iJ~fl'l1U1J1J 

l'l1~a11f 8u4u 
... .., " .. ~ ... 

fl11lN1Ntl9lflWC)'llfllfJ~u'UA'UlN1 (Firing Ceramic Ware) 

lufJ9lffl'tfm1111fl~fl~nu~u1N1 m::u1um11N1i1tJ11iifl1111d1tl'ty8v1~~~ 1Ytn:arlu 

m::1J'l'UflllllA~ltJ ~'0::9i'Aff'U11Ntl~l'IJ~t)f)fl1Jlft'tt~t) ,ijfi (ll1ffflt lflifviui', 2542 : 1) flll&Nl 

lul'l1~1•nnmf fifl m11Yi11fJWHfJijl..furiNn9lft'won1•11nmflu1911 mvliunvimtt~m111::ff11 
"' • Id ... , ,, ~ QI ... d I 4 ... I , '1 ... QI tf Q 

l'rtfllIJtltJ'U ff fll'rtA'U t1 flaltJllJ'U t:ll'l1191Q1Jfl'l11JU ,,~um ~l'tf 1JO'U'tt'U"lf'ltJ 'tt Ntl9lflftl C)'llflAfl'l11J 

fl~l'l'Ut:ll'l1Utt::ff'ltJ~11J (1'Wi911 ~~m1911.U, 2541 : 288) 1AtJfl'l11Jft)'IJ'Olflfl111Nlfill°tfiim1 

d ... ,I , QI ... I QI ... 0 ,_'1.: ... ' ,I _ ,d - I 
1tJavuutJa~lflAl\l'U 'U'l91QA1J l')f'IJ fl11'ttA9l'l 1JNtll'll 11'1f'U~l'U1Jfl'll1JU'l..IU,,U,fl111IJtltJ'UUIJtl~ 

' - ,..1 _ , ,_ I I .., ~ ,, .. 

l\l'UlAl\lfl~l'Wl'U,fll Weight Loss &uavuuua~ u,fl1188'U911Ua::m1'ttao11a:rn1v llJUAU •n:: 
ti 

UAfl~1~fl'u i tJl uu~a::'li1~,,fl~'Jtl.l 'tt tJnua::YiiA,, o~1AQR1J f oJJa~1~ci 1Mrl1il um•11nmf fl11 

fffl'.tll l ,r,;r,, 'O&ito1rl1..1f m4alu J1'1..11Ufl11 'lHUH'Ufl11~11U\N1'1..1,"'f)Vl~iitJ1::ii'rlifll'rt ( 'lla'Ul 

,, " ... QI " ... """ .:: 4 Cl.lfl~'l~tl', 2543 : 1) fl111N1Ntl9lflWC)110Jf111Jflff1J 3 l\l'U9lfl'Uflfl 

1. fll'HN1R1J (Biscuit Firing) 

2. m11N11f1avu(Glost Firing) 

3. fllllN19lflU~~(Decoration Firing) 
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... 
fl11LNiA1J 

.: 4 ... QI " p ... .,.;.,l - I p QI ... A ... ... " 
'lft..l{li\J111tlNflflflWcrJ'Vli{ltti'ULOJf1i1Jflff'Vllll'U111m11 tl{ltN1Jtl1i1J'lf'U Uf1Zff11tl'U'Vl1tl 

'l .: , , A .::. e1. " , .:1 o , a !1t 
(Organic Matter) t:ig 'U'lf\J{li\J fl11LNi fltl1i1J'lf't..1Ufl::::ffi1tl'U'VIW fltl'U'V19::::Ui tJ,-mtlfltl1Jl1J'U 

~ 0 !1t A I ... :, ... QI" 4 !1t QI ,,, ... QI .: 

ff{l9il1J'U L\Jtl{l9ifl9::::'111tlflAtJ11J1W'Ui 'UNflflflWcrJ 0Jf{ll1J\J911fl11fli 11&flAUHA'U 9\J')f\J{li\J 

... ,P "QI A a ... a d. ..,. 
1::::11JA tt (U\Jtl'Yt9U'Ui~fla'111fl111JLtl1tl{ILtlfltl1JA'ULNifl1tll11\Jtl, 2538 : 91) 'Vl~W11fJ1J 100-250 

... : .;. 'l QI A ,_, o l ,, .... .l l A 
t){jffiLOJfl\LOJftlff 'Ul'Vltlg 'Uflfl'l!IW::::tl1i1J'lf'Ull!tl{ltl1fllff1::::1'tttltltlfl lJ ua::::m 111flA1'Yt1'Ulll'U 't..11\Jtl 

Q QI " .Q 0 , ,, " Q • .::. QI cf.cl 0 d ~ .cl 
Nfl9lf1Wcrl(Hamilton, 1982 : 135) fl111NiA1J9Z'Vli 111\JtlA'U 111tlNflflflWcrJ'Yl'Y11ffi119UTI1 1Jtl1i1J 

d QI "Q •.ct ~ Ull!{I (Mechanical Strengh) UflZtl{lltJ Ul'IZV{lffi1J11fl9l'n9fff>1Jfffl1W11f>{l1\Jf>A'U 1i1Jfl11U~fll11 

11lt:i iii tit:iu1h 1t11tlnt:i1J ('Y11 w111J.Jwqnli', 2523 : 152) 1um11NiA1JffiJ.Ji1n1i{INa9lnwcri'~ou 

fl'U11ltlt11:fl1Jfl'U,~ Nii9lflWcrl~Nium11NiA1J9:lf~w11tJiilum11Nit11:mw 750-800 t){jffi 

1•mciiutY 1~1:u:11ailum11Nit11:J.Jiw 6-7 oH1 lJ.J{j O'iNaflnwcri'iillluiAl11qj,:~o{IViim1~u~ 
~W111Jii 60-80 tHffi10JfaLGYtlff t11::::mw 2-4 i1 l1J{j (1WV911 ~{jffl19UU', 2541 : 289-290) fl111Ni 

~ ; 

1~11nu 111 lii llf;iu{liuiim111A~1 11ltllllt11t1~1mnlii llf u91nllJw:1Ni (t:iiru9i'nnR 1 '11~1J{ltlfl, . ~ ~ 

2538 : 56) 1umwn~tl{lfl11111::::11ilA1;ftl1Wa{I UH{li\J .u'U9ltl'U11l'IZ11flilum11Ni fl111NiA1Jtl19 

Q QI cfd I .Q t 4 .cl I O QI QI t/ 
Nfl9lflWcrJ'VINi'Ufl111NiA'lJ1lifltl'Ut:1lfJWfl1'YtAfl11(tli'Yt'U 1fil\J1{1t'f11tl, 2531 : 1) 

4 
fl111Ni1tlfltl1J 

~ .ct :~ ... -Cle.rd' !If"• QI.cl 

fl111Ni1tlfltl1J111Jlf.lfl{lfl111Ni't..li1tlfltl1J'Yl1'lJ'lJ'UNflflflWcrJ a:aitil1J'U1\Jtl1Af.11fl'U1Jtl1i1J 

ij'uu11111(Glassy) 1Ji{l'lfUALflu1tlfttl1J~iu N11tlfttl1Jiitl1iJ.Ju~{lffiJ.Ji1n~iu'Yli't..l~tlmAua:Ai{I 

, ~1flu tlVi{l;i , 'U fl111Ni1tlfttl1J 9Z~tl{ILNi, ..ri ~~w 11 fJii9li1J-rtlni11u All!tl{l1tlfttl1JU~fl:'lfUA 
~ ~ ~ 

iiu:irum11Ni9:1nAfl1iJ.J1nt111it1 i~ 1.Yu m11Ni 1~1nu ( Overfire) Vii 1lfih1tlfttl1J111a~A-Wu1~i 

Vii 1lf1fli1nt111it1 m11Ni~~w 11 tJii11iil{I (Underfire) lii 1..f1tlfttl1J 11i1fluij'u1Yii~tl11 
4 " .. .Q QI 4 !.is 

('Y11 'Yt1111J'Ytflfl11, 2523 : 155) fl111Ni1tlfltl1JtZ'Uf.1111Nifl'U 2 U1J1J fltl U'lJ1J1NitlH1Af.11 (Mono 

0 ... QI .,.;. ,, p ,_. : 4 p 0 ... I A 0 

Firing) 9Z'Ui1tliNfl91f1WcrJ'Vl9liflU11{1UTI1 111°1J't..li1tlflf>1JUt11'Ylifl111Ni Uf1Ztlfltlf.li{l11\J{l9Z'Yl1fl11 

1NiA1Jfltl't..I (Second Firing) uit1miNiiflnwcri1t1,-mtlntl1Juit1Viim11Ni(lfl1Jfl i'nli'1{1ff, 2542 : 

13) Na~nwcrl~,1Jltlfttl1JUit1 ~tl{l1~A~'UNa9ltlWcrl1..f 111JA1flfttl1J 1"4t1-tltl{lfl\Jfl1111fltl1J~Afl'U 
4 'I 0 Q QI " ~ -~ ' QI d ,, .. '" ,, QI QI QI 

~tl{i1tlfltl'U l'Ull!WZ'Vlifl111N1 Nfl~flWcrl'VJfl'lf'UtZ'lltl{i11{1111{1fl\JLflfl'Utltl l1l l11t'1'1JNtlfl'UL'Yt1i:; 

1flfttl1J9Z11flf>1J~Afl'U~~W11fJiitt{l(1wifl1 ~{lffl19Uif, 2541 : 291) 
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,, . .. 
;u~1ufi1N11f1a01mil1uv1J9\flu9'~i1vn1111flui1Ju9'~i1vtl'tf!tl~fln~mfltii'(sticker) 

"" 0 ..s .... I 51 .... ,. I "" .. ~ 0 ,. I ... , ,,..:. I ... 
l'IYlln1'H'S1J9\flU9\~TI flVlUYn:: 9\fltN u1JUfl1YU::Yllflfttl1JUTI1U1 ulN1l'rttl 'Ha'~9\flU9\~9\fll'IU 

QI .l ... I I .. ...... Ji .. 
fl1JYU~1Ul'SVfl119\flU9\~1JUlflft61J(Overglaze Decoration) (flUV'WllU1fJ9'a'1'tffl'j'j1Jlfl'Stl~lflfttl1J 

Au1N1mflmi?tJ, 2538 : 92) fJtu'H1Jil~1flum11N19\nu9'~1Ju1flatJ1JiJ1::1J1tu 650-580 tJ~fY1 
4 :: ,!,I 1 "' "" 5 A .I "' ... .,l O a! 5 1 "' ..j 

LOJfftloVVa' l'l~U,,UtlQfl1J41JU9\,,fl~TI(Pigment) 'H'Sflu'S::Lfll'l,,fln9\qtml'IU11Jl-YllTI1lqfl9'1YI 

fltll'H 1Jil1fl fl1'SlN1ft9\flU9'~11.latlflUa::tl1~uSY1tl~ ,::i6~lN11u1J'S'SV1fl1fYtT1J\f 'SW 1u&9\1lN1 '" 

fl1'Sjjfl 111Jlu flQ 1'rtn:: •::'1111"i'u~1ujj'11wu lii1~1.119\'S11u S't11.1o~fld1'tf !fln.lgvuuila~ 1 tJ 

•1mA1J(l'Wi9'1 ~~m1'111l', 2541 : 291-292) 

1Jl'1'V1fl1fY1'1Jfl1'SlN1Na9\fttueti° 

1. 1J'SW1fl1fYfltlfl'ilflfU (Oxidation Firing) 
!If ..;... , ,, I o' ,~ ... ... ... 

l1JUfl1'SlN1l11Jfl1'SlN1 'H1JflV1~tT1J\f'Stl.I ua:: 'IJfltlfloVlt'IJ (Oxygen)1J1fllflU'rtfl ·~ 

• .... , '1 ~ "5 "" 4 I QI .1-- , '1 QI ,! 
l1J6lflflfl1'1N1 'H1JUTI1 '1::1J6flflOJ11'U l'Hft6tlQ fl~ufJflW1fl1'SlN1 'H1JA~U 

---•llll C02 + 2~ + 0 2 +ENERGY 

2. 1J1'W1mrr1tl'niu (Reduction Firing) 

1flum11N1~jjm11N11'H2Tl1in1.11J1'W1u19\11N1jjotlfl'i1'u (Oxygen) 11i1-Wv~'rttl 
... ... Q , ,, ~ 4 .. , .. .. I QI .1-- , ,, QI ,! 
oV~l1Jfllflflfl1'SlN1 'H1JUTI1'1::1Jfl1'S1JOU1JOUU6fl OJ1fl (CO) l'HflfltlQfl~ufJfl'SV1fl1'SlN1 'H1Jfl~U 

RF = 2CH4+302 2CO + 4~o+ ENERGY 

3. 1J'SW1mffil1l1i'a (Neutral Firing) 
!If , ,,..; o' , .... Q .. I , '14 

l1J'IJfl1'SlN1 'H1J'YltT1.11J'Stl.IUft:: 1J1JtlOflOJ11'U(Oxygen)l'HtlflflQlftV fl1'SlN1 'H1J1J 
' ,, 

oon•"u fi'Wo~tl'~ilijmv1m11N11..,~.r~u 

.1-- .,l'"' .I , I ... QI o' ... o' 
ufJfl'SVTrUflfl,,U U'l'::'H11~fl1'SlN1Ntl9\fltl.ICfUOJf'S11Jfla' 

A .. .. • ~ .. - " , I --fl1'J'lN1l'IJflflU'1::1Jfl1'S l1.lavuuila~riHilfffltTUfl::Vl1~lfl1J'1::1flfl,,U UY1~fJtl.l'H-t)1Jl'I 

U9'fl9'1~ft'U 
""'I o' ... .r.. : 

fll'SU'H~9\1tlVl~U1J\f1tll •::mfl,,U ~u,,tll::Ul 

Qfl laflon 1i1,1nNa9'ft'tucri1u1::v::m,om11"~ 



400-550 t){lffllOJffll.tJff 

573 

980 

1,100 

1,200 

1,250 
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... -. ,, ... .... 111.l""M"" 
lflflfl1'l'LN1 &111J'lltl.:Jff1'rn'U't'l'l'V '11l'Utlfl'Uu'U1J 

m1vuri1vtJ'Uvd~1v 1'Ji'U 1'UR'UA1 (Ball clay) ., 
\l::\]f1lN1111"'1'1f 111JA 1 tJ1 'U'Ji1.:JfJW111JiiU 

lflflfl1l'U9lfli1'tl0.:J 1m.:ifffH't10.:J~1J 'th1'1fii't11J1A 

d .... ., ,I 
mna.:i ua::JJf'l111J'n1'U9l1"J.:J'll'U 

M'Uf'l1tlfloYl'ULilviiullu1tJgvu'tiv1JJ ., 
(Quartz Inversion) 1u'l'::1111.:iuNa9ltl'wcr1 

..I d ,, 
\1::1tJat.1\.l'llu1~uanuov 

1fiflm19lnNan 1 u~u 6qiv1tJ,.v.:iR'U \1::11v.:ii11u9lo'U 

u1mflu1tJ Spinet ua::~o 1tJ~\1::1tJgvu1fl'U Mullite 
I 4 

tlt.11.:Jfl::ltlt.IA ., ., 
1fiflm'l'11avJJa::a1mfl'Uult11'U11Hri1u'l10.:i1i70Ruilu 

-n1n l•fl1111v ltJu91n-nian-tJ1{\l::nJJi1n'U1fluult1 

lflt.1-r'htJ6ti;v1n11R'U~tJtj'l'o1JC') l<1tJW111Jiiq.:i~u 
Al"" 11.:. ,I 
u'l'1J1WUn1V.:J1J1fl'll'lJ ., 
1nf!NaA Mullite(3~03 2sio2)1u1i7oult1Namflu 

Al d 4 , I I ..I 4 4 ... ,I I 

4ul'l11J1J'tl'Ulfl 11qjfl11't'llflfl\11flfl'U \l::lflfl'll'Utlt.IH 

d ., "'1 .9 ., .. 
'l'1fll'l'1 (l{'l'ffflfl fl-ctt.l'n\.111, 2542 : 1) ., ., 

• .Q 0 • QI 

l1JOA'UUflZ1J1lf'lflO'Ul{f19l111fl011fl::flltJ (Sintering) 

1 f'll .:in-f 1.:i'tlo.:iNaflR'U1tJgvu1fluult1f ova:: 60 

,ja 1a-rlf ova:: 21 ua::f'l1vrioi1fvva:: 19 

, Q ct Q,1,/ 

( 'nV9l'l' O.:Jm19111J, 2541 : 292) 

-II Al,11 I ~ A • ..I ., I ... ..I,~ ... A ., ... 
\l.:Jff1IJ '111 l9l1lN1l1J'Ulfl'HH1Jtlflff1flqjtlV1.:J11\NYI 'IJ &'Ufl1'l'Nfl9llf'l'rn.:Jil'Ufl'ULN1 

Na9ltlWcrl\l::ijfltlUl1'nA11ltl ,"~'Utltjfl1Jl9l1LN1 l9l1lN1~1-Nn'UtJtj1'Uil\l,U'U ,~ijfl1'jt)t)flU1J1J 
°tiflJl'U 11 ,f tJ,::11 rr,.,4vL-na.:i9latJfl \l'U 1if1::v::na11'Um11N1i'U ~'U vtjn11f'l11JJ~v.:im'l''lltJ.:iFjl if ·:h 

. ,Y. A I , .! ..I 0 A M ... , ,,... ... ., ,I I., 

\l::lfltlfl '1Jl9l1ul::l.llfl A 1JOfl\11fl1Jfl1l't'IVZ't11lf'lltl.:Ju'UA'UlN1 111lfJWtl1'Wfl 'WU'UO~fl1J 

fl'l'Z1J1\.lfl11'LN1 ifo·:hijf'l111Jff1flqjtlV1.:J~{j 1-nn::1fl'Um::1J1\.lfl1'Hffl-fl'1v ~\l::iflii'U11NlH1\.I~ 

vvtiJJ1A111v '"A mllN11 'UY11.:i1•nilmf f\v mui4JJfJW111Jill 'If uriNa9ltl'wcr11•nilmf1 'UL9l1 

mv1~1J'j'jfnfl1ff~l111J1::ff1J l~tJLtJgt.1\.lfftll'nRUl'lftia1mfl'UC111'l'l9lQijfl111JU~{!Ufl~{j f'l{jfl\J 
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1 j! 0 , ,,,... tld ti ... .l , QI ... I ... 

m11ua:tr1fNl11J Atlf1111Jltl\Hllf1fl1Wfl'm l11Jfl111 fttl'WU ft'31f1A~'W 'W1RQA1J l'Jr'W 1f1flfl1'j 

l1Ai1ua:~v1vi1,1nAm11tl~t1'Wutla.:i~'W1A~t:>.:a1't'tl'W,1nflm'Iot:>'Wi1ua:m'Il1ftt:>1la:mv 1rf'W 

jl 4 I QI it11 I I ... Q QI Q Q QI </ ... <f• 
R'W Clfn:uRf1RHf1'W 'WURft:'Jr1'3~tl-3fJWl11J1lUft:'Jr'WA~tl'31RQA1J fl1'IlN1NftRflWcrl1Clf'j11Jf1tl'1J 

ti 
QI ... 

3 ~1..1Rtl1.Jfltl 

1. fl1'I1N1~1J (Biscuit Firing) 1rf1..1m11N1 iaf1111141..1ua:tr1161..1'VllV fltl1..l~t:'ll1 it111J 

4 a! , jl ... QI <f• d QI " Q I ... j! 
lflfttl1J Yll l1NftRflWcr11Jf1111JU~'3Uft:tl'3tl'11J11flR'1'1tl'tl1Jtl'fl1't't~tl'311.JtlA1.J 111Jfl11URf1111 

lt!t:> iij rlt:>1..1'll1 it11fl~tl1J fJWl1tJfi11..1m11N1tl-s:111w 750-800 fl.:atl'11Clfa1:Jivtr 

.. 4 ,,,,: ... d ...... QI " 

2. fl1'I1N11flfttl1J(Glost Firing) l11J1tlfl'3fl1-S1N1 lt'W11flfttl1J'Vli!'1J1J'WN1NftRflWcrl 

~ " ... QI ... QI ... d ... ~ .. jl 
a: a1vm1..111..1 tllA t11n1..11Jf1111l1l1..IU 11111( Glassy) ua:11f11111u~.:i 1J1'3'Jr1..IA 11J1..llflfttl1J'111..I 

,, . 
' .cs. cl. ~IQ ·~!;!4Q 

3. fl1l1N1Rf1UR'3(Decoration Firing) 'Jr1..1'311.J'VllN11flfttl1JUt11'Wtl1JRflUR'3ti1tlTilt'itlRA . . . 
tr~mnt:>{ (Sticker) fj,;1d1lti'1JRf1U9i.:aSlAt11U't't1: ;jflft-3, tl1J1.Jfl1'Jr1.J:Tilflatl1JUlt1'll1 i tl1N1 

,,.q tl 1 ,\'a '3"f1U9i'3~A'V11.J tl1J;1.J '311.Jli tlf1'l1Rf1U9i'31J'Wlflatl1J( Overglaze Decoration) fJW lt 1Ji'.i~1 f'l 'W 

4 : J,l 'QI Q .cl • "' 

m11H11.h:111w 650-780 tHtl'11ClfftlClftltl' 'Vl'3'Wl\l'WtlgmJ'Jr'WAl\ltHtl'(Pigment) \1161h:lfl'Vll\ltl'31"Q 

... iltl ... d ... , ,jl : "' ,-'! ... ... QI 

fl1-SlN11R1lflW'3 'WA1..11N1 mntt:'Vl-S11JfJWl1fJ1l 'Wl"11N1 tl'l.l'Wt:Rtl-3 'JJlflW'31Jtl1A 
ti 

fJt.UlYtJfi (ln11a i'ml1'3ff, 2542 : 19) 1'Wtrij'v 11Jnw1fm"Iti'.:amRB~t:>.:if1111J!t:>'W 1-ii'Wi'Wfi11..1~fl.:i 
QQI "1 jl .li.jl "'ti " 0 ~ ...... NftRflWcrl Atlfl1-Sf11Af1:11.Jti1tltl'ltlR1 Clf'3"0'3tl1fftl 1:tr1Jfl1-SWUft:f1111J'Jr1'W1qj11J'W't'tltl'1!1 ('V11 

't't-Slt'll't'tqn\1', 2525 : 107) u9i1uilt111'uil'm•-s1iimfl~~ufifl1fl~o'3ilofJtlmw"lum-s1'AfJt.Ul1tJfi 
i~,.,a1vtl"I:lfl'Vll1vnu lAt1mfft1't'lfJl1am11'A'Vl1'3mt1m't't 1dt:>.:it1n 11..11~ni'.ifl1111f 01..1\1.:i111n ii 

fl111J~11rfut:llo.:alt11'RQA1J ua:1tr~~'Vl'W~Of1111lfO'W ,~'WfJWl1fJU~t:'rl1m-s1A lfl~o.:iilt:>1A 
• ti 

fJWl1tJfiTiil'mClfniintr1~fiAd1l1i'1J1AfJWl1tJii1ulR11N1iiA'.:iil 

1. i~h111~;f1 lfl'W (Pyrometric Cones) (1f11Jft i'n\1'1'3ff, 2542 : 19),'t't h111R;f1 lf11..1 
ti • 

l170lltlf1ft'W'l111fl'W (Cone) nf1lJW:~fl'31fl'l.Ji'.i1tl'VIHUniiAtr11llltfttl1J ,'t't h111R;f11fl'Wii1fod 

2 ~1..11Afltl ~'W1A 1l1qjiifl111J~'3 4.45 1Clf'W;j11JR'i J1'Wf1~1'3 1.27 1Clf\.l~11JR'i 1flU~1..11Algf1i'.i~1..11A 

fl111l\1.:i 2.87 1•1..19i111R1 ua:i'.i111..1n~1'3 o.64 1Clf'U9i111~-s 'Wont1n lf11..1t:i'.i~'W1A~u~n9i1.:inuult1 
ti 

v.:iiil1111ma~9i1.:i'ln1..16nl1t1 f1t:>iii'3u9ilt111ma~ 020 n.:il1111t11a~ 15 (~wi'R'lf \;'Jrty,'t't\jftV, 

2538 : 190) m-s 1fl f11..11'AfJW,., tJiitnfft1'VlqiJljm-sl1ao11a:a1vi1~m1'RQArnrf 'Wl1an 1'Wm-s1 f 

.:i1u 1rf 1..11fl~o.:iilfl1'A~,;n1n1'tr~'VIH1Clfnfimf iiri1uNtt11fllt1vnml11flao1Jtr1111"Iri1'AfJWl11Jii 
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., ... ti 
~U (Orton Standard Cones) 'Utl~tll11'Hll 1Jl~l!11J'Utl~ LCJftfltll(Seger Standard Cones) 'Utl~ 

1Vtllij'1J Ult::1Jl~lJ11..l'Utl~IJll;tY1J (Harrison Standard Cones) 'Utl~fl~nq11 L~1J~1Jflll~1JflA'Utl~ 
ti ti ti ,.J! .... 

Al. LIJlU1J1J1J LCJftfltll (Dr.Hermann Seger) '1J Potas Feldspar ( :KiO.Alp3.6Si02) Nff1Jfl1.J 

4 " ti ,.J! °' I Q , ti I QQ 

UflltLCJftl1Jtltlfl 1CJfA (Calcium oxide) un:: 'lffAff11J'Utl~tl\l1J1..lltltlfl CJfA (Alumina Oxide) ~tlCJfltfll 

(Silica) 11..16~nii11..1 1:10 '1::1Afltll11fJU,~'lh::JJltu 1,200 tl~fllLCJfltLCUtlff (2,192 6~ffloW1Ln.tl8~) 

,-i::1fotiij1..11 0.6 iJJn un::ti~m 6 1J.Jn Lrl1..16~nfi11..1111ilouq~nf11ti~om-Wn~n!J1f1111JJA1 
:d..:. Q .l 1 QQ 1 I ... ..:..l 4 

,-i1n1..11..1mYf1Jtl\l1J1..ll'U1J 0.1 JJaun::CJfnm 1 J.Jn '1::Yf1.J11f1W11fJ1JLYf1J'U1J 20-30 o~fflLCJfnLCJftlff 

i10VHtJ~1l.Wi111J~;n 1tiU'Utl~LCJftfl6l 

ltiu 7 0.3 :l<iO 0.7 Ati03 7.0 Si02 

0.7Ca0 

itiu 8 0.3 :l<iO 

0.7Ca0 

1tiu 9 0.3 :KiO 

0.7Ca0 

8.0 Si02 

9.0 Si02 

i1ovHti11JJu~n9i1~1::1111~ ,.,. h1JJ~;n itiu~1f1rl1..1JJ1~1111..1m11A'Uo~ 1flu 8 

~,,,~ 4 unA~m11mvmfit11.J lflu 8 'Utm19in::'1fUA (inJJn i'nlf1~n, 2542 : 19-20 

~H0~'11fl Hamer,1986: 74-75) 

'11UA'U6~ lflu 
... tl~ffloW1Ll1J ls~ tl~ffllCJfltlCJftlff 

ti 
1Jl~lj11JlCJf1fl6l 1,280 2,336 

Standard Seger 
...... ti ti 
1J L 1J tll~ fl l&CJflfl fl l 1,295 2,363 

Miniature Seger 

t1 ... ff 
1Jl~lJ11J@Jlll 1J 1,260 2,300 

Standard Harrison 

ltiu'UUlA 1myoaf iu 1,263 2,305 

Large Orton 

1 d ti., 
fl1J'U1JlALnflfltll~1J 1,300 2,372 

Small Orton 
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. ,, ,, 
m<J1flflu1Af.JW'HfJii 'iiQfl~fl·:nl'u lffli'·rn: 3 i111v~f\1JJthfl'11f.JW'H1Jii lAmov~l'\1 

li!lJ 82 o~rri m<J~1u lflu t:vAi1mn~1i1uwnmrn:1i1ui1fJW'HtJii~fTo~m' m<J1N1~QflfTfl~ 
lflut:1"JJf\1JJ1~JJu1wm lflui1mnt:1"JJn11 i1~trnn:1oa~1h:JJ1wutNu1wm i1~U1JJt: 
... "" ... !'It ,, ... " ,/ ... -~ 1 ~ 16tJ~'H'U~U1Wflll1J'Uf\'U ('Y11 rn'HJJ'Wqflll, 2525 : 108) UOfl91fl'Ufl1'1flf.JW'HfJlJtit1tJ flUWfN 

... ... ... ..:. J! , , d rd ... 
'Jt1~1'J6~flf\'Jlfl1'Jl'WlJfl11lJlfl'UflltJ 'U1f\11J'JW1fllrfflltJ 'Ul~l fl11lJl'J'l'UO~fllY f.JW'HfJlJ'Ufl~ 

... I ,/.,. a! II ti... Ji I I ... 1 .t'J! ... fl O 

N'U~l~l l'Httl'UlJNftfl'Jt'Y11J111 l'Hlflflfl11lJflttlfUflttfl'U~61flflO'U~1'U6~ fl'U (u'Jfl1 'WlJ'W'IJ11'111, 

2539: 313) i1flV1~an11w:'llfl~ 1flu1flfJW'HtJiimt>17 ~t1'HU1tJf\11J~fN~a1fl fl'~mw~ 9.15 

fll'W~ 11 Ua'fl~ lfl'U1flf.JW't11Jii 

(a"UYI tluufJa,2544 : 288) 

l " . .1"" ....... l" . .1"!'11 ... 2. 8ttflf\'Hlnf\1111(Holderoft's Bars) UYl~1fl~W't'lfJ11'1lfH 8ftfltl'i0TI~ l1JULtl10~ 

ilfl1flf.JW'YltJii'Hanm<J1~v1fl'm•mt>11fltJ fit> 01fla1fl'HftflJJa:rnvi11i1uY1q11ijlum<J1fl 

... .l . f I ... ,,1! ,l I ~ ~ J "' 1 JI ~ I 

f.JW'HfJlJ fl1'J'll'U1uU'Yl~1fl\lt 'llUflft1'UNa'1Jl1J'UN~Ua111lf11'Jflfl 't1l1J'UU'YI~ 



.d ,., <Q 

tll'W't'l 12 UU~.:Jfl1'11.:.IU't'l-31~fJW'H.fJ1J 

(lfl1Jfl i'nlf 'Hff, 2538 : 77) 

... . ·~ 
.. . ...... 

: ·-= ::::-

23(1,lOO"C) 

22(1,080"C) 

21 (1,060"C) 

20(1,040"C) 

23(1,lOO"C) 

22( 1,08ffC) 

21(1,060"C) 

20( l ,040"C) 

66 
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" 
fl.ff. 1910 lj-.iu1'u~uN1t!fuvmn-31h::mw 2 -01 ljl~'.i-3fU11'31m i~ihtti'umu1on111~1m~11N1 

1,w1f-.ifl1~v1oon111 tY1111'.itl1'~fJW11fJij,~'.i::1111'3 960 ~-3 1,400 fl-3fY11CJftuCMVfl' (1,760 - 2,525 

" 0-3ff1~11'.iui8A) ~::1.f-31ufli'-31;iv1uurnf1v1tiui,.. l'.i111~in lflu 

I 

I 
----EB--

1 

-... -

fll'Vf~ 15 utr~-3u'riud111i'u1'~m'.i11~~1-.io-31'3u111u 

1 .... .. .. 
( fl11fl rn111'3ff, 2538 : 78) 



68 

\jfutUll; '3f.lf.lf)1J1'il1fU~11H1 11-3, M'1~\.1~1ll-3 ul111m, 111A1J\.11AtJ'UU'ri'U1A1rlf.liA 1A'ul11~il11m 

flTHA~1~fl1'U1tl111ilA~1'n-31iivtJ'HlfJW'HfJij 
~ . . ... . 
~1f.lfJ1'3l'J1\J'J1\JA1Jf.l'3\jlllllf.lll-3 

..... .. !'II .:. ,_....... ,,,~ ... ,~ 
\jfllllf.llHltJf.l'l' 7 llJ'U1'3U'H1'1.J1J1~'l'J1'1.Jfl'J uffl1JfJ'Jn'11J1'l'fl 'J11AfJW'HfJ1l " 960-

1,275 f.l-3ffWlfmCifvff (1,760 - 2,327 f.l-3ff1-ri111'U18R) ,, 
\jlllflf.ll;-3ltJf.ll 72 ff1J111il'l'1JA1'il::1AfJW'HfJij,~~'3U~ 1,310 f.l-3ff11CJffUCifJff(2,390 

f.l-3ff1-ri111\J 18.l'~'U 111> ,, 
\Jfllflf.ll;-3ltJf.ll 55 ffU1~1ll 1AfJW'HtJij1~ 960-1,200 f.l-3ft'11CJffUCiffJff (2,192 f.l-3ff1 

-ri111\J 18.l') 

\jfllllf.ll;-3ltJf.ll 26 ff'111l'tJli1\.11'3U'H1'U~1AfJW'HfJij\l-3 ii 1,400 f.l-3ff11CJfllliivn (2,552 

f.l-3ff1-ri111\J 18.l') 

... 1 ... ... .. 1 ... .. . 0 

4. mm llf.llllfl~'jf) lflf.l'j lllll~f.l'j (Thermoelectric Thermometers) 'l'::tJtJf)l'jfll-31\J 

A ..,. ~ ... .,! !'II _ 1..l ~ 11 !'II ~ 1-·•-~ ... .l A ,-'! 
1Jf.l-3lfl'l'f.l-31Jf.l1A'J1\JA\J'il::11J\Jf11'l'lJJflfJ\J'Vtll-3'31\Jfl111JHl\JllJ\J'Vtll-3'31\J TITI1 'il::lf1A1J'Ul1Jf.l 'I 

1 ... '"" ~ ~,,, 11 ..;,~ 0,,, ... ·~ .. 
ll'H:: 2 '11\JA ~f.ll'J1f.l1Jf)\JUTI1 '1'1fl111J'lf.l\J~H,Afl~f.lf)'l.J (Hot Junction) Yl1 '1'1lf1Afl111J~Hnf1fJ 

ijf11111m~v1il11-ri,,11fiA~\J~,f 1..f '3fff.l-3~'3lfl'l.J ,A~1>.if f.l'l.J (Cold Junction) 1 ll'H::~l fdrni'u ,, 
lflf.l{11Jflf.ltl1~n (Thermocouple) ij~-3il 

4.1 'Vlf.l-3UA-3 Hff11tiuu1fin 1Avlf'Vlf.l-3UA-3ff.lvn:: 60 Hff11tiuu1nnff.lvn:: 40 ul11 

, -1 , A ~ d ~ ... , ,, .,. -·• , .. .l ,_ 1 
lf.11 u~f.ll'J1f.l1Jf)tJl't1flf) ff11J1'Jf:l1AfJW'HfJ1l A 850 f.l-3ft'11CJffllCJffJff (1,562 fHff1TI1l'l''l.J 8A)1J\J lJ 

4.2u1nnHff11 lm1ijv111Avlfu1finff.lvn:: 90Hn11tiu1m1ijv11ff.lvn:: 10 il11mhl 

~f.ll~f.l11tiuti1'UHffll1Jf.l~u1finff.lvn:: 98 un::f.l~ij1ilv11ff.lvn:: 2 n11111fl1Af-lW'1'1fJij1A' 1,100 

f.l-3ft'11•n1Cifvff c2,012 f.l-3ff1-ri11''1.J i8u)~uiu 
4.3 vtn1~u11Hff11tiu l'l'1Av11 lAvlfvtn1~U'11ff.lvn:: 87 HffllfltJ h1Av11ff.lvn:: 13 

o 1-• • A ~ ... ~ ~ ... , ~ ... _.1 'I .. .l i- • '1.Jl u~f.ll'J1f.l1Jf)tJ'Vtll1~'1.J1Jff11J1'l'fl1AfJW'HfJ1J v'11,500f.l-3ff11CJffllCJffJff(2,732 f.1'3ff1TI1l'l''l.J &8A)1J'l.J u 
,, . 

4.4 vtn1~U1JHff1JfltJ h1Av1J ,j1;i 1 1fvtn1~U'11f f.lvn:: 94 HffllfltJ l'1Av11f f.lun:: 6 

~1~ 2 1fvtn1~u1Jff.lvn:: 10 Hff1JtitJ l'1Av11ff.lvn:: 30 ff11J1'l'fl1A~W'l'1fJn1A'\l-3&n\J 1,800 f.l-3ft'1 

1•n1Civn(3,210 f.l~ff1-ri11'Ju 18.l') 

4.5 1f.lilAfJ1J(lridium) Hff1JfltJ h1AfJ1J(Rhoduim) l~w1'1Bi&AfJ1Jfflvn:: 60 Hn'JJfltJ 

l'l'&Avuff.lvn:: 40 ~f.ll~f.11JfltJlf.l;1AfJ1J ff11J1lfl1AfJW'HfJij1A'1fiu 1,927 f.l-3ff11•n1Cifvff (3,500 

f.l-3fY1-ri111\J 18.l') 

4.6 fi-3ffl~'U (Tungsten) ~f.ll~f.l'UfltJ1f.l;lAfJ1l(Iridium) ff1JJ1'l'fli'AfJW'1'1tJij1~ 
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.e ct • .I ,<lo•• 1! 1 .,.,/ 
iJ~tl~ 2,100 O~frllOlftuGlftJt'I' (3,812 O~frlnll'J\J 8fl) fllfll'Jfl61'V611Utt1'lJ'n1 \J'tH'IOfllGJS'J111flt'I' 

QI ... ,J! .d I I A 1 ... " 
iJqjtlllfllff\lt1fl~W11fJ11 '1l'Vltl~f!Hfl119161'V61J \J'tn'l6f11Glf1111flt'1'1'11Jfll 

niofl11f101hwa~f inn\JRi1 it1\l::1i'1\JU'U'lJ lfm11ao~111a( Chromel Alumel) ua::"na1 

AU1J 'n1'1AU1J l 11Rt11J(Platinum Platinum-Rhodium) l'n'Jl::&i'1\J&'VJf>fl11flOU&Wn~ilt1111 .f11111 h.1 
ti .4 ~ "" .4 ,. QI .... I "1 . I .,. .., 

fHflfl'J~flt'l'111fl'J'J1Jlfl'Jtl~IJ\Jfl\J1N1 lfl'Jtl~1Jtl1fl~W11fJ1Ju'JtLfl'VJ1'VJtl'J 1Jfltlu1'ntt \ltt'l'11Jl'Jtl1fl 

iA'1~t1~fl'J ~ iil\J~W11fJiii>.i~11111 500 tHffl1GJSa1;t1t'I' 111T1ilfl (Indicator)nilot11.fu'lJ'Ul~1J1fl -ua::um.Jfl\lfl6a 

•• I... ""' QI , •• ll ""' ti ~ .ol .. .d.., 
5. 66TI9lf16a l'Jfll6'VU TI 'J111fl6'J (Optical Radiation Pyrometers) l1J\J1fl'J6~1Jtl'Vl1fl 

IQI !:! 1! ..; ... "' QI QI " ... ~ .. QI ... QI !:! ,, 
tllflfll'JUN'J~TI\16~fl111J16\J'VJlflfl\l\Jfl'lJ191Q (l\Jtlfl\Ju\J11'JflN\J~lflllNl)l'VJtJ'lJfl'UTit'l't'Vl6\J\ltl~ 

" , 4 ,. .., -6 4 , •• 11.JL .., "'1 • QI ?.."" J! : ,. 
lfl\JtU'lltJ \Jlfll6~1J61fl Glf~1J11lt6fl TI 'IJTift~~l\J\llflU'lJfllfltl'J \Jlfl'Jtl~1fl ~flfll'l\JflHU'JflflO 

11\J1\J6l(Wanner 1df>il fl.ff. 1894 un::iA't1i'tJtl1~i,fnt11::ff'Vlitn"nR4\J lflo lun'lJ6l\J un:: 

flflllt\l\J(Holbom ua:: Kurlbaum) 1\Jil fl.ff.1901 

1\Jfll'Jt'l'f H1fl~o~uo1fl\lfl~11\J1\J6l\l::1f11a6fl iflifo~Nl\JU~1iTufl~(Monochromatic 

Red Glass) 1i'1\JftUf1~1tf\J1Rt11Nl\Jta\JU un::N1\Jilf1eam.;t1(Nicol Prism)1de 1f1f1te~1Jeifl 
QQI ~.d ... "' I " ... .... A I J! • 0 ... !:! .... 11 ~ 

~w 11 fJlJ 'J ~ n'Vllflfl\l\J tllflfll'J UN\ltl~l\J 6Nftflf1Wtt'l l \JlflllNl\l:: Nl\Jl'Ullfl'Jtl~'Vllfll'J l'VJtJ'lJnfl'UlnU n 

.. 4 QI J! QI s.d I A QI t/ I Cll JI !;! d1.'J/ I ... ..; : 

Ufl~\IO~lfll f)~1J61fl f.1111 lfl'J ~TI'VIUNtllflNflflflW tt'll'Vllfl'Uln\J n Ufl~fl l161\J fJW 11fJ1l'Vl1fl\J \J ti lfl 

.4 QI !1 .., .4 .. "" .I ,/ ,-'!.., ... , • .., 1! 
t'l'lflft\lf>~lfl'Jtl~1fl IJt11'lJ\Jlfl'J6~1ltl1flu'JtLfl'Vl\Jtlt 'IJ1fl~W111J1J \Jlfl111lt61J 1Jfll'J'n911\Jlt'1'11~ 

1i'lu1fl t6~\IU 1f11gm::'U1.Jfl61Jft11fl6f 1.f/1'Jbt11 f ~1u iA'tr::fl1fl ,,.16~i'i66of1Af16a 11A16oiu ,.., l 1 

jjlflf)l uu~ri1u9i1~'16flfl ,~ 3 ff1\J ~1t1ii'ufif> 
.... ... 

1. 1:: 'U'U mnfl ~w 11 fJ" 

2. 1t'U'Ufl1'Uf.)1J 

.... J! ..... , "'"" 3. 'Jt'U'Ufll'J11.1Ut'l'~l'Ullfl'Jtl~1fl( fl1Jfl 'Jfllj1~ff. 2542 : 21-26) 
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H11.Jfl1W"1 lfl1.Jihnm.11119ISJ11.J~1tl01.Jflfl 11191'l'J11.J,,fl~flfll~1.J (Orton Standard Cones) ,,fl~ 

fll1J;fl111191'l'J11.J,,fl~ &CJflflfll(Seger Standard Cones) ,,fl~ltlfl'l'ij'l.J &f!1.J~1.J 

1 ~ -·•~ ~ ?t A •.., .. .., ""' .., 1 
2. 8ftflfl'jfl119l1Jl'l'(Holdcroft's Bars) 11J1.J&mfl~11fl1flfJWlUJ11'tfftflfl1'l'lfltl1fl'U fll.J 

fffl mfl'v,At1afl11a:::a1t1~1lfl1.J..,qllij11.Jms1AtJW'tffJn ihrfl'l!lw:::&r!1.Jufi~v11 
A .., .. • .i\ • .. 

3. lflW~1flfJWl1fJ11U'U'U1~Ul111.J (Butler's Ring l1'l'fl Firing Trial Rings) &mfl~11fl4111.Jfl 
,, . ,, 
umfl'v11aflms11A~1,,fl~191Q&11flH11.Jtn'l'LN1Lflumtucn"'1um11A tf~1ufli'~L~t11Lmm~v1fl''U 

1'W 1'l'L1191;fl 1fl1.J 

4. L'rlfll11161ftfl9l;fl L'rlfl{l11jjL91fl{ (Thermoelectric Thermometers) s:::'U'Ufl11TIH11.J 

,,fl~' fl~ fl~ "fl1fl41fuflrl' ,:::,fl 1J ms ,tlgt11.J'Wa~~11.J f11111f fll.JLril.J'Wa~~ 11.J i ~ft1 t:::1nf1,1.J1d fl 1 f 

la11::: 2 411Ufl ~fll~fl1lfl1.JUa'111'fl1111f fl1.J917~,fl~~flti1.J (Hot Junction) -rh11'1nflfl1111~1~fl'flvjj 
d 0 " -~ .. ,l d: : .d ?t d, ·~ 

fl11111l11.Jtl11.Jl 1~111lfl'1,,1.J'rl,,1'rl~fffl~CJf~llJ1.J,fl'rl 111fl1.J (Cold Junction) 

_..... .. .., i-·11 .. ~ ?t Ji ... ,d.., 
5. flfl119lflflft 17fllfl4111.J TI 'l'11191fl'l' (Optical Radiation Pyrometers) 11J1.Jlfl'jfl~11fl'rl1fl 

I .., g ~ d .. ,l .., .., ... .., g _t ~ 1 A ... .., .d ... 
\llflfl17UN-S~·a-ufl~fl1111lfl1.J'rllflfl,,Ufl1J191Q l'rltl'Ufl'Urrff:::Tiflt.1-Ufl~lftt.lffflltl 1Jlfl'jfl~11fl1fl C)f~lJ 

"-·•1.J! QI d1 • QI • 1_1! • ... QI ... .., dd Q .l I 

l1ftflfl rn "JJ'Wft~~11J\llflU'U91191fl'!i 1Jlfl'jfl~1fl l11fl "JJlfl'jfl~11fl1fl~Wl1fJ1JHff'rllflfl-U1J\llflfl1'iUN 

,l ... .., "'1 I .J! A 0 ... ... .., .1! g ... • .., JI .., ... 
-Ufl~11JflNft91flWCW\ 1J19111Nn:::N11Jl'UllflW~\'llfl1'!il'rltl'Ufffl1Jln1JrrUfl~-Ufl~lfl'jfl~11fl1fl m111m~ff 

u 
n11YIRG8'U111~ . ,, 

fll'j Nft911fll fl~ilt.1At.llNl1 ,\'jjtJWfll'Wllft:::tJW u11mi9l1119"fl~fl1'j v11f!t.1 \l:::~fl~fi1m1 

'rlflfffl'U'rl1~~1t.1~1~"11ii-:ht:::1rlt.1191QAU ,,iflAt.1 111fl1flaflu ~~ 1'Wi91s ~~m1\'llu, (2541 : 243) 

mh111 fl1'jfl;)fffl1J191QA1Jlflt.111'11 \l-Ufl~m:::U11Jfl1'j Nft91 ,-Afl 1ifl~Nft91ftWcrl~jjtJWfll'W . . . ,, 
nii11n11fl n'l fln1fl1'9IQA u911111n11Y1~jjtJW n11miutl 1tlnt.111ifl~fi tn'l''rlflffflU191QAUua:::& Ufl 

At.1dt.111J l H~l'UfJ91ffll1m'l'1110Jf'l'ljjmf-u1nfl 1 my ntuf!u a~v1&rluua::t::9"fl~filflU9lntlfffl1J ,, 
tJWtn'W191QAU 1 l11i'rJflfl i' ~ m::'U1t.1 tn'l''rlflfftl'U \l:: ~fl~ 1~11191-s 11t.11~t11ti1.J tn'!i'rlflffflU191QRU 

ff11Jl'l'flV1Ut.lfl 1~1rJt.1 3 1h::m'rlflfl 
.. .IQ QI QI 4 

1. fl1'!i'rlflfffl'U'rll~fl1tlfll'W (Physical Testing) l11Jltlfl~ fl1'l''W\ll'!itulftfl'l!IW::-Ufl~191Qfl'U 

lflt1lftJWff11mi~u1111'!ifli'LI~fl~1~ 1fl 1~41t1 1Y1.J tn'l'1fu1t191191'!i1\lfffl1J l1lfl fln1ffl1111fftfl 

d'11N'u &tlt.1~t.1 
... ... JI 1.J! ti ~.d ... 

2. fl1'l''rlflfffl1J'rll~lfl1J (Chemical Testing) fl1'l''rlflfffl'U'rll~lfl11~fl~ "JJfJ mtu'rl1Jfl1111 
..,,, ""' ""' A.d ,.., .. :.,.,ti .,.,,,, .d 

0Jf'U'1rfl1.J Uft:::11fl111Jft:::lfltlfl~~l'Wfl'rl\l:::'rln1J11191Qfl'U1J1J1Jff11J 'l':::flfl1J\'ll~lfl1Jfltll~ '!i'Ul~ C)f~ 
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'il:1rlu1h: lt1'JfUtld1nnn 1um1t11u1w uft:t.li'ut.11 '3fJWfl1'n'Ut1'31d'tJ~u~v hJ 1fl~tJ-3i'.itJ~1f 
... ..;... ... .. 4 4 

'YIAfftltJ'Yl1'31fl1J'Yl1Jfl111Jft:1tltlA\l'3 fltl 1fl'5tl'3 X-Ray Fluorescence Spctrometer O]f'3ff11J11'1111 

il1ut.l1:fltltJ'YIHlflii,~t>Vl'3U"'U~lUft:nA1~1 . 
• QI .Q Q .. QI Q .QQ 

3. fll'i'YIAfftltJ'Yl1'3U'i (Mineral Testing) 1~QAtJ'YIH10]f'J11Jfl fltl 1~QAtJ~11J1S'JUltJ11~'YI 

. " 
'il:t.l1:nvu~1md1n~'JfUA~1-:i'") tiu m1iiV1nu-i11'flQ~tJ111'il1nu-j'JfuA 1Auu 'Jbt111f 1f 11'il1u 

" . . 
.,,q;im111iutJ-:iiflQ~uuu flftt>A'ilu1f1i'il lflHn-f1-:i uft:m11t.lavumfo'3'Ut>-31'flQ~tJ d'.it>'ti1m1 

,~ I .I 11: ,,, .i\ .oil 1 1 <!\ ~ j1 

1Nl ¥'t fl11111ff1'UIJ'i:fltltJ'Yl1'3U'rn'U 'Jf1fl'Jtl'31Jtlfl1'3'11'1f'U &mtl-3 X-Ray Diffiactometer llJ'Ufl'U 

""' . .. .. .. ('!('Utl'n91Jl'Ulf2fln'111fl'J'J1J1fl'Jtl'31flfttltJA'U1Nlfllfl111'Utl, 2538 : 2-4) 

" " 1'U'31'U1ivu,juilf1iv 1f m1V1AfftltJ'YIHfllt1fl1'n (Physical Testing) ~1'3'1A'3~tl it.1u 

fl111Jl1A~1fltl'U1Nl (Drying Shrinkage) 

.., ~ .1..I .I ""' .I""' o , ,,.,. d 1 l .,. J ..;.,. 
fll'i 11Afl111J'U fll 'j 1 IJ ft tl'U U IJ ft '31'Jr'3IJ11Jlfl 1 'YI 1 111J'U 'U lA &ft fl ft '3 A "1'UtlA'UIJ'U'YI1Jfl1'j11 A 

QI I ~ QI 4 ..; O , jl... ... .! ,~ .. .l ,~ 
fl11Jlfl tltl1J11J'Uff1111~tl'Ul1'U'3'Yl'Yll 111flAfll'JUflfl fllHtl Uft:fll'JtJAltJtl1 ¥'t1Jlfl 'il:lflA'U'U V't\llfl 

-- QI cf.cl ,, .Q 4 4 cf .d.Q QI 

Nftfl.flWcrl'YIU11'3 fl111N1AtJ Uft:fl111N11flfttltJ ('Y11 yt'jl11J'rtflfl'l!:I, 2523 : 52) ff1111~'YIA'Ul1Afl1 

d 4 : ..; I l .. ,. • 0 , ,, l ... "' ~ ... "' 1 . I .. ~ .. ..; 
fl1'Utl'3lll'illfl'Ul'Yltlg'itltJ'l 1'UtlA'U'5:111tltltlfl IJ 'm 111'UtlA'U'l1Afl11'1111Jlf'IAfl'U AtlIJflf'IU111A'U'YI 

d 4 4 I 4 QI I .- -· QI 4 ... I ... I 4 
1Jfl111Jftt1tltlAUft:1111.1'11 tltl111Jfll'J'l1Afl11Jlflfl11A1.1'11'111J (1J~ty IJ'Jt'tf1.lflA, 1J.IJ.IJ. : 20) O]f-3 

~ QI O I .I',;! ... r/ O ..; I I l .. J .cl QI ... 

fftlAfl11tl'3fltJfllflft11'Utl'3 IJ'JAl 'nll'n'U11'U1(2539 : 51,60-61) 'Ylflft11111'UtlA'UIJ'U1Jfll'Jl1Afl11lltl 

t.Jrlt>vl1f u1f '3 1dt>'3'illflfl1'J\l'lf'iYml1~'1A1m:t>gnut>'4fl1fl'UtH~u iuiuw:~J'11:111t1t1t>fl it.1 
... ... "' ,, .. "' ... .l .. .:: "' .. 

tl'4fllfl'U tl'3A'U 'il:lflfttl'U fl11 'U11Jl'JfAfl'U t.l'J1Jlfl'J'Utl'311.I tlA'U 'Yl'311lJA 'iltftAft-3 fll'J'l1 Afl1'il:1Jlfll1 'J tl 

jl .l QI r/ ,~ I ... : ... ... .:: .. : .cl 

'Utltl'U'UfltJtl-:Jflt.l'JtfltltJ11ftltJU'J:fl1'J V'tUfl U'J1J1W'U1Uft:1i'J'J1J'Jflfl'Utl'3A'U'U'U U'J111W'U11Jlfl1J 

" fll'Jl1A9i'11Jlfl U~1JlWUlU'tlt1fll'Jl1A9i'1U't1t1 'U'U1A'Utl'3tl°4fllfl'tltl'3~'U ltJ-j1-:J'tltl'3tl'4fllfl 
I 

flft11 

1 .:, ,. .... d .cl , jl .cl QI ... jl I .. d 
~W'Yl1 IJA'U11JAft:1tltJA 'il: 11fl11111 '11 'Utl1Uft: fll'J'l1 A fl111JtlU11'31Jlflfl11A1.111JA'l1 tJltJ 

0 "' "" ,, 1 ,~ "' .! fll'Jfll'U1Wl11fll'Jl1Afl111JtlU11'3 Atl 'IJ\lfl'JA'3'U 

'J! "' 4 ,, .. ~· ... ,, 1tlt1ft:'tltl'3fll'Jl1Afl111JtlU11'3 = fl111JV11'tltl'3tl'UhJVfl - fl111JV11'Utl'3tl'UU11'3 X 100 

fl1111t111'\lt1-:i~u1ilvn 
... r/ 

('Yl'l 'rt'Jl11J'rtflt11:l, 2523 : 54) 

d I 

fl111JU'\1'3UHfltl'U1Nl(Green Strength) 

d ' ~ I cl .. AQ 
fll'J'YIAfftltJfl111J11'tl'3U'J'3fltl'U1Nl11J'Ufll'Jl11fllfl111J1'11'UV1Uft:fl111Jft:1tlVA'Utl'31'UtlA'U 

, ~ l .. ... ... ... d , .. ..:. _.., r/ 

'U'Yll'3Vtl1J l'UtlA'U1Jfl111Jft:1tltlA1Jlfl'il:1Jfl111JU'U'3U'J'3\l'3 ( 'rt'ilfll tl'3fl''5191Jl'U, 2541 : 264) 

fft>AfllttJ-:itiu mty'ilu: u~1f111uA(2530 : 65) ~nrln-i1 ~1.1~iifl1111ft:16t1A111n uft:iifl1111 

d. 41 4 d .cl IQ , •• 4 QI I I .- 4 • 0 " 

1111.IV1AVtl1J1Jfl111JU'U'3Ul '3Afl11A'Ul1tlltJUft: 1Jfltl"111'Utl1 fl1tltl1'31'Jf'U A'U111'UV111Jtl'U11Jl'\l'U 
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-• .I , " " 1' ... d ... • ... ,f • • luua::w.1 11U1HUTI1 v::lJfl11lJU'll~UHAfl11A'IJ'll11 1..16flV1fl'IJ Andrews(1957 : 43-44) na1111 

d I !It QIQ.d , i/ d dl I .cl A!l 
fl11lJU 'll~U 1~fl61J1N1 11J'IJ fJf.U fflJ1J9l't'IU ff A~ 111111..1 fl~fl11lJ't11..I 't111J9l6U 1 ~'t'llJ1fl1::'t11Jfl1::1't161J 

Al !'fl - ,l ... JI .J .... t .I I 0 1} ,l Q JI l4 

111611 HflA 11J'IJ fJf.U fflJ1J91'116~11J 6A'l..lil 1..1 't'lff1flqj6tl1~11 'I.I~ fl61..I 't11fl111N1 1ff 11::t.l111..I 6A 'I.I ilu 1t1t1 

d • ... ., ti " 0 , "ti ., 111· 1'... .... " .. ... J! 
fl11lJU'll~UH 1lJ6Na91.fltulflU11~V::m 111 n::U91mffl ~NltJ UllJfl11V1J9lfH11161flll61JlJ1lJ 

d ,l ... .... ,r .. 
fl11't1Aff61Jfl11lJU'll~UH'll6~11..16A'l..I A~'l..lfl6 

o ,: .... .JM o !'II • l ,,... ... 
1. 1..1111..16A'IJ't'lu1JlJ1't1111J'IJU't'l~'t1All6~ 11lJ'll'IJ1Afl11lJt11112 1'lf1..1911lJ9l1 fl11lJ 

fl~l~ 2 l'lf'IJ~ll.1911 Ull::fl11lJ111..11 l l'lf'IJ~ll.1911 

2. il1u'ti~'t1All6~t1Tri11ll'ull'~lu~;" iAt1lffl1m1t11~1fJ1..111a1 2 11..1 u/11\i~1i1A1hfot1 

lll'u..r~~nmJn~ f111ffannn1Juli~'t1Aa6~ 'rJfl 12 -i1 it1~ 1"46 lll'ull'~n-unt~'1ti1..1-rf~i1..1 ~6v1mf 1.1 

\i~il11tl61Jlll'ull'~n-u't1 ~~tu111Jjj 110 6~ff11•m'ivn-
3. il1uli~'t1Aa6~ it1nA lll'i1n iAt11fl~6~'t1Aff61Jf111t1u~~111~ 
4. vAu1..1iinuH~'ri11 ll'uli~'t1Aa6~,:Yn u~1il11tlfi11.11w111ti1ti11t1u~~111 ~ 1Av1fe.t911 

M = lN. 

2bd
2 

lll' M = fl1fl11lJU~~UH'll6~~1J (niani't1~69l111~1'lf'IJ~llJ9l1) 

P = uH~nA'ri1 lll'uli~'t1Aa6~,:rn ciliani't1) ,, 
L = 1::t1::ti1~'116~UTI1..116~i'1Jit.1't1Aa6~ (l'lf'l..l~ll.1911) ,, 
B = tl11lJ111..11'116~iu't1Aa6~ (l'lf'l..l~ll.1911) ,, 
d = ti11t1n~1~'116~it.1't1Aa6~ (l•1..1~1t19l1) 

tl11lJ11Ai1'116~~1..111a~1N1 (Firing Shrinkage) 
.A I 4 .Q QI J Q QI 4 QI QI 4 I 

1lJ6U't'l~'t1Aa6~1116Na9l.fltUcrJQfl1N1V::lflAfl1111A91111tlflfl1111A9l111a~1N1 lJtl1fl11 

1tlgt11..1utla~ti61..1-G'1~n~1~ ~1..1ti1Jmti'tl1::n61J11a1vi.h::m1 1.Yu ~uA'll6~~1..1~tl1::n61J6d ti11t1 

4 "' ti"" Q 4 t1.J_1 ti I ...... .l -• I Al ... "' ti 
a::mt1A'll6~A1..1 1t111m161..1't11t1't'lu:: 1..16~ ua::11m1'111..11uu't'l~'t1Aa6~11rnNa91.fltUcrJua:: . ,, . 
~tu11t.1jjfi1N1 tln~~1..1111ut1111Ai1mn'ri~'lltu::ull'~ua::v1nm11N1mnn11~1.1'1tlnffv1nti111J 

... ... """'1 ... 0 ,,,... .... ... .... .l .... ... .l • 
1111..ltl"J ff1161..l't'IW 1..IA'IJ't11 11A1..111a~IN11.lfl1UYA9l11.11fl'll'IJ fl1111A9l1'116~A1..IV::ll1fl'll1..111.16&N1 

.l .... ,, .. , ......... <di ...... "'1'"" 
eJ~'ll'l..I ua::v::11A9l11..16t1a~1116 t111A9116mat11t161N1fl~1A11a6t111rn1An-ait19l1 m111tt911t.nt1 

flllJ1fl1fl1..l,tlv::11'J1..1ff11119JllfNa91tltucnfltt1rl't11 l~~~6 ua::U9lfl (mAl \;t1.W'U11iti1, 2539 : 65-

66) ob~ m~1911lf n-11~Na(2543 : 25) iimh111 ~1..1v::11Ai11rl61N1~1~ti1..1 1d6~v1nti11t1 
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" fl11fltU10'1Jfl1111Ai 1'Hft~lH1°t11, ii~ilf'fo 

1. u1ufi~flA'C'lt:l~~lA;01J,.fltJunl\JflW'HfJij~ti1'H\Jfl ,~ 
2. 1Afl111J011'Ut:l'll'if\J~;j .. , ~'U\JUfi~flAflfN11nn1flfl11lN1 ua::tAU\Jiifl, ~ 

3. tl1\J1W'H1fl11'HAi1fl1011ft~fl11lN1 lRolfiJA'i 

1! "' "' .... ~· .. ..I ~ 1tltlftZ'UtHfl1111A'11tllt111ft'lfl11lffl = fl1111CJ)1'UtHf)lUuCIO - flJ111Cl]J'Utl'lflYillfflUn1 X 100 

fl1111Cl11'Utl~~u1iJun 

... " (fl1 Ttnt1Jftf)fl1!1, 2523 : 54-55) 

fl111J'HlJ1UUlJ(Density) 

I .. QIQ A ..l,,s OI , l ""' I Al 
fl111J11lJ1U\J\J flt:I t1'1J'lJA'tf\Hfln1flqj'Ut:l~tf11 A '1 AOlJ011J'UfHfl111J't1\J1UlJlJ flt:I 

' ... ' -~ ... ' ' l ,~.1!/ .., " p ~ 1J1fl'Ut:l'lt1'1191t:l11lJ~'H\J1Cl11'i1J191'il'i1l'UOlJUYllJfl1'Ut:l'lfl111J'HlJ1UlJlJ flCJ 'ITiqfflfl1!1W t.JlftU 

A ... ..._,... IT ' p .t .. 
11lJ~1J1J1fl "' ua::1Ju11J1911 ,. fl111J11lJ1UlJlJ 'Ut:l'lt1'1'ilJflfl 

,,, 
P=y 

, I I 4 ... l 41 I ,/ 3 , 
lJ'i::1J1J SI 11lJ1CJ'UfNfl111J11lJ1UlJlJflfl fl am1J91flQfl'U1fffll1J911 (kg/m ) lJ1::'U'U 

I I A QI I .' 4 

CGS (Centimeter, Gram ua:: Second) 'HlJ10'Ufl'lfl111J11U1U\JlJflt:I fl11JAt:IQfl'U1fffllOJlJ91&1J911 . 
(g/cm

3
) lAofi 1 g/cm

3 = 1000 kg/m
3 

' ... ,. ...... .! ' , .r t 
fl111J11lJ1UlJlJ'Ut:l~t1'1'J'UH'JflJAt:: 1Jfl~fl fll'Jfl '1 A1U'H\Nfl10 lJllJt:lt'l'l'i\JlJ 

OI I I , l • "' ,_, I a• ti I , 

911flOHl'JflJ lJ'lJ1W1fl1ff'Ut:I~ an "~tl~,,\J 1Jfl111J'tflJ1UlJlJ'Ufl'lt:l1fl1fffl0~1Jt:IOfl~ t1'1lJ lJ 

• .. ,_, ' : d.t • " ' .J ~ .t 
1J'H1t'l'2''11 o~ana~ 11fl111J'Hu1u1..1u'Ut:1~u1nv'l1Tt1J'UlJ iJ911'Ut:J'lfl111J'HlJ1UlJlJ flUt'l'fl'l'lll'l'UlJlJ 

ii'Jum1'H1fl111J11lJ 1u uuH1 itv'Ut:1'lt'l'l'l lAe1-ri'1i1.1fl111J11u1u u lJ'Ufl~t1'11 iiti1,unuih1io 'UtH 

u1111::111A«t:11J 1.ru flW 11 fJijua::fl111JRlJ fl111J111J1UUlJ'Ufl~Ufl'fl' •::&U~O\JUUfl'I 9111JflW11 fJij 

ua::fl111JRlJ ii~wn11fl111J11u1uuu'Uo'l,,t:1'1111a1 n1'it'l't:1~YuA 1R '1 ~jj1.l;1J19111'ri1nu ufiii 

1J1a i1hn1nu t::iifl111J11u 1uuu fiHnu ihu 111qjull'ir11::iifl111J11u1uuu'1 ovn11 ,,e~&'Hft 1 
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i-dtJ.Hllfl l11mtJn~o·mn'in1tjlivuiu u;nwri1uh1qj~o·mn'trv:1i'lu~11~ 1ul'IH9!Hnu.n'111 

~tl~n'ltl1V:th:fltl1J~1tl l11Lnfltl~Otj1flft'iAfl'U111flfll1 ;~jjfl111J11'U1Utl'U111flfll1 (~amflliiAn 

'2555: 1) 

,, 
fl111Jl'l'U 1-ri~o~1u0Au (Softening Point) 

,, . 
1'9lqAuu9in:'1fii~rn:jj'Aqfli1hkrhnu ~~iru1:v:nn1fi1flum1un~9i1~nu Auu1~ 

'1fUAfl'l1Jl'rnl'lu9io'ti1~m11 1~v11 A'U1JH'1fiiAjj'ti1~m11Jntfu i'tiu AU luu1'1fil1 1rto1N1~ 
.c. .ci. Q , QI ,, " 4 l A Q .ct 

tJW11fJ1J~~Auv:anAm'!ittn nzn1mmzot:iu9l1(11tru1 'llfN'Nff, 2543 : 3) iut:i~v1n 1.11ut:ift1JJJ ,, 
1'9lqAu11no11n:n1v 1.Vu 1-ri A'tri11i' iiu~u1m:u;mgfl 1'9lqAumthu1i'lui1'ti1v1ifAt.1qfli11u 

tJW11fJjj~~o~m1 u9il11&N1 nutJW11fJjj Au~v:ooui1n~ov1~11A1~1 fll'!il'IAtrou 111fi1m1 

"' ,l ""' .f "' ' , •. I ""' ""' ' ,p 
~1J911~tl~l'UOA'U'U fl'11Jl'!ifll W1Jll'ltl1Jfllfl111Jl'l'U TI~tl~A'U'1f'UA91Hll') '1 ,, 

,j' 'U 91 tl 'U fll '!i l1 A fl' tl 

0 ' ' d .Q " " er. d 4 1. 'U1UN1Jl1Afl'tl1J 1'U1'U 2 UN'U l'lflAVlfl't'f1J't'f~'UiJa1f1'19ltl'!i un:lN1A1Jlfl''!iVLW1J 

!ovuft'111;otr~i1hN1Au~1 UN'Ul'IAa'fl1JV:~fl~jj,"'u;iA11'1~1v 10 i•u;jm911 91111~11~~fl~uflu ,, 
li~ 2.n'1~ . ,, 

2. u1uN'Ul'IAfl'fl1Jl 119111N1 lAt111~fltjmmN'Ul'IAfl'fl1Jfi1i.i1.fuft'1 2 uflu offJunu li~ 2 

~iu mn1~uflul1Afl'fl1J~fl~ if11'1~1vl11~nu 10 1•u~1119l'!i 'rffl~nmtfu~11~~;;A 1~ un:A111ri 

l flu 91111tJw,., fJ"fll'!il'IAtrfJu Hi ~~nu i'lv idfln~tJ°' 11 fJn9!111~ t:i~m1iJA19l11N19l nvtrflutJm'!i 

l11Ai1~fl~UN'Ul1Afl'fl1J un: '!i1Vfl'fl1Jfll'!ift'JJi1~fl~ lfl'U 1mt11Jlofltl1Jfl1J lfl'U11191'!iJ1tl 

.,{ , ... .l ... "' l " ""' ' .... 0 
, ,, ' 1~ 3. ~tu:l'llNl tlflW fJ1l~~l'UfJA'U1JU'U1 'U1Jl'IV:flflt.1911tl~l11 11UN'Ul1Afl'fl1J tl~~fl 

,, . 
m1 ll<·Nfl11;flf11'!il11Ai1~fl UN'Ul1All'fl1JU1i'tum11'Afi111t111Jll')i1Aujjuu1 lU'11fiv:l'llAi1fu 

: .... .... ,1'111 .,p p !'It ... .... " , ' "'!1 , ~ .f 
1J111'Ufl~f)~911lfl~ -J L1J " ti 11J'UNtl91fltucrt~'U1A 11qiv:1Juty111 'Ufll'!ilN11Jlfltl~~tl 

4. 1dfJUN'Ul'IAfl'6 fll'!i 11(~~6 6flf1Vlfll9111N1Uft''J 1iftrhuN1Jl'lftll'61J1Jt.IUN'Uf11:Vfl ,., 

i21unli'Al'll1J~l"''U'!i:t1:l11 10 lCJf'U~l1J91'!i Vlfl'A~~fltlH~fJ~ 10 lCJf1J~l1J91'!i ~~ 2 ,A 1Afllfl'J11J 

l/(~~fl91Hff1'U 1/(~1Jlfl~"!Al u111.hvjjaa11J9l'!i nlflA'U~ij'ti1~f11'!ilNltll1lrtflqfli1uft'1tt1f1111J 
ll<~~fJmviiU'flv ii.iiiA1rl'v1 ifv1lil11~i~~1vlu'!i:1111~m'!i1N1(i..,i9l'!i ~~~19Uu, 2541 : 261-

262) 

ff11'ti~f11'!ilN1 (Fire Colour) 

u1i'lu1'9lqA1J~fflfl flVl~11d~d111i'1JfJ91fl'111f11'!i1JlGJf'!iljjfl Na9ltl'tucri'1•11ijn i1Hiv: 

!'It .. .... " .l .l .... 1 .. ~ -• .... ' .. 
llJ'Ulfl'!ifl~"t~fltucrt fl'!i:l1Jfl~ 't'f'U 'IJN'U~ 1Jlfl'fl 1fl'!ifl~tl'Jtl'1f11J 91tlfJAV'U~fJ~u'!i:A1J91flll91~11'!ifJ 
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..; di ~ , t/ , ... I t/ 4 4 I , ,, ...... QI 1 , IS 
,,tl'1Vl'l::ftn \rnJ:: l'lt)fffl ti' ff1V'111J 1Jt)Wtl1'il::91tl'11flfttl1Jl'l'ltl91t1U91'1 l'l1Jffff\.I 'ii:: AVfll'l nn 

1C1J111iinl\.11tlfttl1J l'lltJU11111 t.1\.l~m19i'11J\.1Nft9ltiwoti'~i~ (1nw1 91.Uff'1t\.IV1{ 2545 : 50) it1ilA 

'i11nm1m::vi1J,,tl'111n"'~",; '1tl1111vntlS\.1~9!1t'1'11111n1wntl11111191n9i1"'"tl"'a1~ 111'1a'1lifa1\.I 

1n~1C1J1niimf jj 2 il1::1flV1 1::1tlV1Ultlfltlfl1llififlAvn116tAV11v ~1flfl 1AV1ill1J'Jf1~ 1'11\.1 01\.1 

,umivM irnrmil::iltAtJgltA \.I 1Am~vn:: Ball Clay l'lltlA\.lf\1 A\.l~un11'Vf1nd'tJg'il::uitmatJ'1 
: o ,I IQI ..,. ""' ..... ..:_. -· I '!_I..; ""' 

,l'Yl1,\.11911ft,Uft:fl1,,\.ltl~t11J 'l1J1tU,,tl~ff1ltl\.IVlltl'YllJ:lJ\.16~Uft:'il:\}flLN166fl LlJVl~tU'\1fl1J 

il1:::111w 400-600 tl'1ff11CJffU tiff il1:::1flVl~fffl'1flfln1llifitlAt.1fflltlU\.IV11v f11'il1Jl'il1tlii'11Vtlil\.I 

~~A111ti1J191QA1Jl'lltl~~"' l 1~11a'1 ltAti1tANn111~tJ1.li'1Jnl'll'tJn11m3tA'l1'1itA Iron,Cobatt, 
ti ti II I 

Chromium ..,a.., n111l'lrl u'il:::v"'fldl\.11iltJNa9ltiwoti',.,,n"'m11N111'n
1

1 utJn'il1nilv'1uil'iliv'ilu 

Nam:::vi1J 9itJm11ilAifluN 91fiwoti'1'lrniin Ul'lft1VtlV1'1 1.V\.I nm'Vfm11N1 1~uri ~W'HtJiiua::: 
, ... ..; _ .... d , .. _. ., QI 4 ... , _, ... 

1JlW1fl1ff \.lfl111N1 fl\.IVI ul1J1W1l'lfttltltltl CJfflu\.ltlg \.ll::A1Jl'l\.1'1 11Jfl1N1 \.11JlW1fllfflJt191 

(Oxidising Atmosphere) 'ii:: ififuA'1 u9ill11N1l1..11Jnt.11mff reducing 'll::lifiY~16tlU'l l'll'tl~1tl1J 
,! ~ ~ -1 Q ,l Q ..; ..; Q 0 , t/s ~ I ,l Q 

1Vl1 \.lfltl'il1tl\.lt.J111J\.lflll1N1 \.11JlW1fllnufl91 1\.lflfl\.IVl1NTYl~Wl'lfJ1J911'il:: l'ln11fl'11'U1Jfl111\.ltlfl\.I 

~N1\.lflll1N1l\.l~Wl'ltJii\l'1 'l'Vfl ft1tl1fltll~fll'll, 2543 : 1-5) ffflflfl~tl'1timhmin'lltl'1 ~WW 
i'91u n'Jfty1'Vf1JnV(2538 : 4) ~nrln11 1rltJu1A\.11l'lut.11~u1-WtJ{;ntltlt11'lrtlil1N1 lu1Jnt.11m~ 
11it'l'1J1JlW'il:: lif 1if tJAu~ua 'tl\.1~1'1fl1,,fl'1nfo{i'nfltltl 1C1J1.l' ua:: 1'Vft91l ~'1m111u(2541 : 257) 

6~ nrlntin11 Au ~uu ·iJ.J i\u ilu tld\l '1"1'11111 n'ti1lira,,a~A\.lmo11n~m·nN11tlaouutln~1ii1~ 
1.Vu Au~u1vi1vi1uv1J 1Afltln .fl' (Tio2> 11n'1m11N1'i1::1~ua1,.,,afHil1..11vi1tli1 ti11..1A1..1~uu~1,.,,gn ,, ,, 
(Fep3) '\1n'1'il1tlflll1N1'il::1 n\l1911a \.16tl'il1flU 'ili'ffff; ff1Jm'Y11(2525 : 46) B'1mh1on11 

d1l'li'1Jfl111J,,11,,6'1Nft91tiW .. ll11ffl'1flll'JfUfl,,111J1tl'l •h1~ulftJ'1Nff1Jffllill::tltl1J,,tl'1 lfl1Jflft~ 
, ,l "" ~ -'""' d I 1! 1 .. , .. ft'1 \.11\.ltlfl\.lu\.lul1J1W1ftfl tltl 1'Jf\.11tlt.1ft:: 0.02 - 0.03 'llfl'1 tl1Jtlft91flfttl lfl (CoCti.6~0) 

_, 1 .. 0 ... ... ..; ... _,... -·· ... , .. ..;_, _, ., 
ff1lu'l::tltl1J'lltl'1 fl1Jtlft91'il:: 1ft1Vff1l'lftfl'1Vl1tlfl'il1tlul1J1W'lltl'1111tlltltltltl CJffl Vlu::u\.lfl~ \.! 

QI ... , ,, ,_ .... ~ ~ ,l ... QI .. 5 ... d ... ... ..; ... _,... -·· ... 
191Qfl1J l'll'l1Jfl ul'lltltl1'16 flll1\.ltlNft91tlWCfH;1tll1J tlfl'll1fttltlfl\.l'll11Vl1Jul1J1W'lltl'1111tlrntltltl 

, .. _. I t/ d ,~ Q QI ..... ... t/ 
CJffllJ\.ltlg1J1'1 tl'il:: ttNft~tl Cflfftll'1J9111J91tl'1fll'l 

QI I S _, ... QI I ... ~ .. :: QI I ~ ...... ..; ... .J I ... , t/ 
flll'lflfll·a ut191fl l'lfltl1fftt'ltl911'llfl'11Jtilltl\.IU.lfl1111J\.1111Vlfl'Yl\lfl U~1\.ltl'1'il1tlflll 'IS 

o , t/ ""' ~ ,~I di ... 1! ... 4 ,.S QI QI SJ 1 ,~ QI QI 

ff1V~1\.11\.l'l'Yl1 l'l911ltlflfl11 nl tt'11V 'il'11Jfll'lt'l'l1'11t1rn'11Jtl"ll'IUJ'lfln'llU1Jl flt.I 'lfl'lfttltlU'lfl 

Uff'1ff::~fl\.l'\1lf1Uff'1~ftfl'1N \.l'il1tllff~~~tl'1fllllfl fll~lfl ,~'il::L~\.lfl1~1mt.1m'ilt.11Jti1Jit 
...... , QI s.!... I 4 QI ~ I ~ ~ I 

Standard 111 \.lflll'JA·au11 t111 Spectrophotometric CJ1'1fll'il'lfl11J\.ltl1tl111J1'U1J'lltl'1nfl111Jff11'1 

'Hltltl'l111iru1n un'1~1 'tl'11J\.llff~~lf tJ'1m11Aff~tl'11~\.lut'l''1if'lln~ln~1ilv'1ti1Juff'1mi\91v 

1J1tl (fn'Vfl a1mfiv1~m11, 
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' 4 d. • 
UN'U1'Vltl11ff1J1~1J1'U Panto e Formula Gmdes . . ,, 

'1fltl111lf lflt11tl11fl1H1'1 ff6111ff~~11l;)il' fl1'Jf1fl11't1tnt1fi11..11 ~mi111 n 'U iliu ''U'W 6 

,~ ' QI • ~ : .cl 0 ~ I Q A ti Q .A 
ff1t.J V't11fl1 Z111'U fl11 Vl'1ff6111ff ~(l611J'U,,'U ~6\.1 VI '11 lJ'U ~6fl'l'Z111'U fl11NfUtl16~ U'U '1'U1N1 l'W6 . . ,, 
;i,:1ifliNa~.tlwctffijjt]Wfl1'W '111~1..1':'6~tl1fl11't1'1ff611YIHi11..1Pi1~ci iJ.i-h,:1~1..11'~qA11 1U6 ,, 
... .. 0 .. QI 0 '11' ~ Al .. Al 
RU "116 'UlltH\611 fl11VIRff6111ff~ff11J11(1,1U'Ufl '"11J'U 3 u1Zlfl'Vltl6 u1ZUlVIU1flfl1'l''t1Rff611 

V11~mt1m'W 'Yl111vil~ m1-n,11w1l1'nllw:,,6~1'~qA11 iPivlftJwff11mi~n-11111ni11'6~ ii 1Pi ii 

41v t.l1:m't'l~ff6~ m1Y1Piff611V11~1tlij m1Y1Aff611Y11~1tijj'6~ 1f~t.lmoi'~jjti1111ciwf6u uazij 

.cl Ad. IQI Q~d.I .cl•'l'JJ .d 
tl111JftZ1tlt1'1fJ~l'W6Yl'Z't11111111~Q'111'U'U1Jff1'Ut.l1:fl611Yl1~1tl1J6tl1~ &1111~ t.J1:Ul't1Vlffl1J fl11 . ,, 
Y1Aff611V11~1d m1fiY1n11111'~qft1111n1md'Jfii'11Piil' u 'Jbt1llf1~1l'11..1'Wq9im111,,6~1'~qA11 
,, . . 

il'u ~a6R,1..11~1 l' im ~n-!1~ ua:m11t.liivuut.la~,,6~1'~QA11 dj6t11m11N1 ii f1ivlfm1 
A .l ... " : ,. ... QI QI .! 

YIR ff611Y11~mt1fl 1'WL'W6VIA ff611 11..16R'U iluua:u 11tia 6111u~1\J1,vu 11111..1 

A , " ... QI .4 1,,,!11 ~ QI ... " l ... l'W6 'Ylfl111,tl116~ "fl11YIAft6~ 'Jf,,m1Uflft1J11J'U1~QR11UYl'Utl16VIG]f \Jfl'l'Z111'Ufl11Nft~ 

LG]f11fimf" ff111J1 W~~''U fl iv 1 'tl1fl11fffl'l!l1~ 1\.11ivPi H'l ~l~tl1~6~~~~ 6 i t.Jrl' 

1Yiv1\;w ri61m .... ~tfua: ffiit1 ~UfffJa (2551) i'-n1mcs1i'v m1lim1..11ri11..1Nff11 
"' II I "' ' ' ti " 

,,6~1U6A'UU'Ufi1fNa~6JA'UlN1 iRt1lf:U1ll1unam~uri11..1Nff111.Wm\;11NftNft~ iRt1fl111i'vtii'~u 

1rJum11im;f~YIAft6~ii1'1~~'Yl111t11i46ffflllltl~l1fh1..1Nff1l,,6~1~QA11~1f'lum1Na~oJAULN1 . ,, ,, 
nq11~1mh~filf'lum11iv fit>ti~nri11..1Nff1l,,6~1i76A1..1ilu i,,1nm1'YllfJ~1ri11..1Nff11,1v1i ,, 
biaxial blend iRv1f1~QA11 2 'JfUA i'uriA1..1muv1ua:::U1ll1una11 ''fJ~1ri11..1Nff1Jt11..111..1 26 

QI I oQ "QI/QI: t I .I 
~16tl1~ '1flfl11'11l'U'Ufl11Yl'1ft6~ Nff1Jl'U6A'UU'Ufl11'U1 1uu~a=fJ~1ff1'UNff1JUftZYIRft6~,,'Ult.l 

ti ti • ' 

uli~YIAft6~'1tlfl1ltl'1U1111\;mf 'W11111i76A'UU'UfJ~1fi 1 il~v~1;1 17 ff1'UNff1liitl11111'YIUtl1 

ff11111n~1..11t.l'1v1im1tiA\;11'W1i ri11..11d'6A1..1dui~u~v~1~ 1s o~fJfll~ 26 ri11..1Nff1l,,6~1d'6 
... M 4 4 ,, , I ,I A Ii jl QI t n! ,I A I I 

R'UIJ'U1Jtl1111muv11..16t1 ua: 1lff11111n,,1..11IJ " 't'la~'1n1..11..1"1m1,,1..11IJuY1~Y1Aa6~fJfl1a: 10 

ufi~ 1.'h1UYIRff611ff1lmYl1-lifl1tlfll'Wfl6'U1H1Ul\Z'Yll1'-liLN1 'ri1m111ti11:lf-«t>\lft 'Wll11fJ~l 

ff1'UNff1J,,6~1d'6A'Udu~iiff11mY11~fl1tlfl1'WL'Yl1J1Zff1Jff1'Yll11Nft~61A1..11Nl1Jlfl~f£A iiuri fJ~'l' . ,, 
ri11..1Nn-11;l 6 11..1fJ~1ri11..1Nn-11ijAumuv1!6t1a: 90 :U1ll1una11!6t1a: 10 ti1111'YIR~1ritJ1..11N1 

mgv!6va: 2.47 ti1111'YIPi~1'Yln~1N11ugt1!6t1a:: 2.20 ti1111u~~uHri61..11N1mgv 3.41 nn.1~1.•11. 
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d QI .d <II: .d~ 5 ,1 ...... 5 
fl111JU'U~UHl1t'l~lN1l\lt'lf.I 5.85 flfl./fl'S.0Jf1J. fl11t]f'IOJf1J'lJ1l\ltW'Hlf.lt'I:: 21.50 TI'Ufl~l'lJf)ft'lJU'lJflf)TI 

Ufl~VJ irlufJfl'Sff'l'lJNff1J~ff11J1'St'lfl~'l.l'rJ'l.lfl1'SNafl ua::l~1JNt'INiifl 11f q~~u ill 
ivi11U' rr';n1J'nnt (2548) illfl1m11i'v m1i11u1fJWffllml'llfl~61~u1N1Nn111ll1 

.,. . . 
una1J lflvia,.q1.l1::n~tl'ttirn,,fl~m11i'vu 1-Wfli1111u161Mu1N1JiHiifl11nAumuv1 ti1111fliln 

11~iv i'~Hif'IUfl'l'Sl'Jfff1J1 lflvillii1m1ttn1116Y1iTta'llfl~lll1una1J~jjfiflfJWtY1Jmlfl1~1 'Uf.J~6J 
... lil_ll I .d : QI I .. : QI ~ 
f'IUlHl lPJUflfl11l11flf.IUU1.Ja~'U'lJ1f'IUlt::U1l1Ufl fl111Jl1U1UUU fl1'lt)fl0Jf1J1.11 l1Jt]t'la'llflfl11'l ua:: 

fhn~i'm1H'D'A ~1u11-s~1.flunTJffn111 tlfl (1) fl1111a::16vA'llfl~1li1una1J (2) 11;111w1ll1umm 

•di.JM ... .I' ""1.J!"' .. .I' Q ..... I ... QI ... d 
(3) flWl1fJ1Jfl 'Jr l1.lfl11lH10J l\11Uflt'11Jfl "Jr1J 2 'U'l.lltl flO l'11Uflt'l1J'Jf\Jf'IYI L1J1Jtlt'l::lflf.lfl fl1.J'Jf\Jft'JI 

ill1una1J1Jfta::16vfl if'Rri1u1um,1f1ll1una1Juflu~Mu1Hilt.11 tif.J ~m1nwfflva:: 10 20 30 

ua:: 40 \l1flfl1'1ftflll1'Vt1J11 6JAU1H1~Naflt1flMUll1Uf.11 01111fliln11~it.1 i'~l1iftufln11Jfn111tY1 
.d QI ,,, ... .i l .d... ... .I' ~ .d ... , A~ ~ 

ff1J11(lflt::Ttll\J1 lffl'U'lJ flt.lfl11Ufl'lJYltl1.ln1Ut.11'11tll'Ulllflt'l1JfllJflt'l::ltl'1ft U11'l1JlW10f.lt'1:: 20 

l A,... .d ... I ... I , ,,... .. 4111.1'"" 
tlf.1111'1Jlfl'l Ut'l::lN1'nflWl1fJ1J'l::l111~ 750 - 850 tl~fl'llOJffUOJff.la' a'~Nt'I l10Jft1.llH1YI L9'11J 

1.l1::ifriimTttJ~n11 61~1.11H1ti1lflfl1ln11~iv i'~HiAufl1n,,am ~,.a,.od11.11lv1uu 



' .. 
UYIYI 3 

..... 0 ... ...v 
'llfl1&'U'Ufl11'lttl 

""QI A QI "" , •• I ~ A , t1 o "'QI t .! 
fll'S1'101'Hl~ "fll'fVHU\JlVJ'rl\J TI\l\J1\J'11fllt.11UfUnJ" l'nt) 11fll'f'r111'1tlflH\J1J'f'Hl 

ti ti ti 

19'Q1h::iuti'ua::d11!tiiuu f1vviiih~mju9't:iu~v~m11iv ~~'f1t1a::1~t1fl,jt:ihlil 
• ti ti 

9\V\Jfl t. m1ffn1!11fl'11lliiY1Htnt1m-n~v~1ilt:i~1.1i11.16JY11.l ,'ri u1.111.1 1flti 1 f ill1umm 

irl1.119'Q~1J11.1~9''fft11.IHft110tl1.llH1Ua::11a~LH1~\ll11flU 1,300 tl~fflLO)JtU.tlft 1J'S'Stl1fllff 

... QI 

tltlfl']flfl 'if \J 

9't:i1.I~ 2. m1Na9l6JY1\J 1'riu1.11u lAv 1~1ll1unami'l1.11'9'fJ~1J 11.1q911ri11.1Hn11 

. ... 
9' tl1.l YI 1 

ti ti 

t. m1f1nll1fl'1JmY11~mvm-n~fH1ut:i~1.1ilu6JY1\J 1-ri u 1.111.1 1""'1f1ll1unamrl1.1 

19'Q~1J,1.1~9''fff11.IHa'1JOtl\JlN1Ua::11a~lN1~W11fJU 1,300 t)~fY1llJ1ltl.tlfl' 1J'fW1fl1fYtltlfl.lfli1.I 

9AQGI 0 .._ 4 QI J 
rj1tt1f1111.11.1m19'111nva::mt1A fl~1.I 

I QI I 

1.1 fl"J119'1VtlH 

1.2 i1utJ1~ffn1!11 
t.3 1'1Q~1J~\11m 1fl um1Y1flat:i~ 

A ... " lA ~1v~11vua::~tJn1w 
0 ... 

1.5 fll'fflll\J\Jfll'f't'lfllttl~ 
ti 

0 QI QI 

1.6 lt1fl1J~'l.Jfll'f't1flfttl~ 

1.7 a-mu~~lfYIAav~ 
... "1! 

1.8 fll'S1lfl11::11'llfl\llt 

I QI 1 .d,~ ""QI 4 QI I ,/ '"' J "" , .. I ,,l 
1.1 fltJ1J911tltlH'rl "JJ l'l..lfll'S1\ltl flt) t)9'11a'1'1..1Ha'1J~t)~l'l.Jtlfl'l.J1J'Ut)JYIU TI\l'U1'UYI 

iit1flfll'f~1JA1tlVHU1J1J~1l'n1::Lt1::\H'11~9'111~fl'11JU11~tl1J~1'U1'1.J 36 A1tlV1~ 
1.2 i1utJ1iuua::i1utJ19'11J 

ti ti 

1.2.1 i1utJ1iu flt) fl9''nft1UHU1J~t)~lUtl~'UUU6J't1'1..1 i-wuu11..1 \l1fl9'1'f H 

1.2.2 A1UU'f9'11J iiuo 
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" " 1.2.2.1 fl'11llii'Vl1~mvmTt'lltH1ilvAuiluo1l1u 1-Wuu1urivu1H1 1A'uri 

1.2.2.1.1 f11111f1'11J11fl 1um14u1tlA'1v1fl~v~tifl 
" " 1.2.2.1.2 f11111HflA1'UV~1UVR'UilurivutH1 

d A ... " I 

1.2.2.1.3 tl1111U'U~U H'Utl~l\.ltlfl'U1l'UflV\.llH1 

" " 1.2.2.2 fl'11llii'Vl1~mvmTt'llt>~1iloAuilu61'Vlu 1-Wuu1u11a~1H1 1A'uri 
.... A ... M .... 

1.2.2.2.1 tl1111Hfl9'1'Ufl~llJflfl'UulJHll~lH1 
d ,l ... il" .... 

1.2.2.2.2 tl1111U'U~UH'Ufl~1\JflfllJ 'UHtN1H1 
, a.I A Q ilJI .... 

1.2.2.2.3 tl1111l1\.I TI'Ufl~L\J(lfl\J lJHll~1H1 

" " 1.2.2.2.4 f11111H'U1UUlJ'UV~1UVAUilu11a~1H1 
... A ... ii" .... 1.2.2.2.5 fl''Ufl~11JflfllJ 'UHll~lH1 

1.3 1'~QRtJ~U11J1 lflum-s'Vlflllfl~ fiv 1~1una11 v:-aij1ilv11vt:1n 1CJ~ RU~hq1n1g! 
" ., A 

mu 1l'l1 U9' ua: ;imt:1v 

A ,. tJ "..11'-"' ...... "" .... .,f 1.4 1ti1t:1~1Jt:11m:~ mwn "LlJfl1'S1,fJ1Jfl~u 

1.4.1 19'1unfl'utJtJ'Vl1~1Rua11!vua~ Tt!v11f.ltlmoi'19'1 

A <11 .... ..., t ... "l ft I !"I 1.4.21fl'Sf1~1Jfl1flf.lWH1J11 ft 1l1J9'1fl l'Vltl'S 1Jf1Vu1ull (Pyrometric Thermocouple) 
A • 

1.4.3 1tl'Sfl~i~ 11'~1 

I ... ... 

1.4.8 UHlJL'VlfJ\Jfl' 

" ... " 1.4.9 11fl111JfJ1 

" " 1.5 mnh1ilum1nflirn~ f1iv~11ilunflav~ ~1wuu~t:1ufl'~il 

1.5.1 nrnuflnq11~1t:1vH l~fl 11"A'q~nhuHfl'1J'Ut:1~1if t:1Ruiluo1'Vlu 1'riuu1u~ 
1 fl um-sl'lflll fl~ ~1iv 1A'i11u 1q~1 d1u Hfl'mnn A'1t:1VH\l~'i d1uHfl'1J1if vRuilu OJ'VIU 1-W 

U\.11\J 'UV~tfu6i11u 11f1~tl~lflft(ltJA\.llN1t·nf 1'flft11.h~ lN1~fJW 'tf t.1" 1,300 tl~fr11CJt'U.t.lff 
11nt.11mfft:1t:1ni1fliu 1uq~nhuHf1'11jjRu'U11'i:uv~1:111H!vva: 40-50 RU~lty'iUJ{)l 

I 1! .: .. ' J! "' ' ' ... , •• I 
'i:H11~1flfJtt: 25-30 'UtaVfJ'S:H11~lflfJtt: 15-20 '11fl~1tlfJH'q~1fl'11JNfl'11'Utl~tlJ'VllJ TIU'U1'U 

f1iv1A'tli'11m1lf1'~QRtJ~1i1ud1uHfl'1J lRvlf i~11ma111:1111~f t:1va: 55-75 i~v 11l'iam lf 

t:1uiju1 'i:111Hf t:1va: 20-40 1~t:111l'vuij1ilt.11J1flt:1t:1n 1CJ~ 1fAu~1q1111n!1:1111~f t:1va: 5-25 
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• , ,,...... ... "" , , " .. , ,, ... "" , .: ... ,, ..:. ... 1 
l'VUJ Wlft1fllllflt0~1JllW1J flOOfl O)ffl Ufltl'WO 11lflflfl111Jl'H\W1 \.J1'UOA\.Jil\.J 1'rt1J1911J11J\.J 't'1 

, "1! • , ,, .: ... " ... "" ..:. "" .1 • 1! • , ,, ... 
'U9l".ifltlflt 10 1'WO'l'i1 111\.JOA'Uil\.J1flflfl111J111'Utl1llflt1'rt1Jl911J,,1fl0tl'Hltlflt 20 1'WO 111flfll'Wl'U 

1 u1d'o61nu hhrn1u ti111uAq9lni1uNi=r111Av1f911,Hi=r111111av11~1u1'ri1 ii\l91' ri1uNi=r11 

'11u1u 36 q911 ii~m .... ~ 16 un::i~o91nfi1uNa'JJ,,tH1'91Qft'JJ~1f'lum1Tiflno~ii~A11H~ s 

LTI"lLLO~tJ 

55 
tl~tii.!LUtl>J 

40 38 36 34 32 30 28 26 24 22 
ti~n\•I 
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. .... 
q~n1 tl~'IltY'l\JNtf1JllltHi~Q~1J(fli'1J) 

l~1Uflft1J 
....... 

... 0 " mu ln iu~ ,,[,A 
o::~lJl\JfJlJ fl\Jflltf'IUl{)'I 'Ulftf)fj 

oofli•A' 
. . 

(loWlJl~lJ) (loW1Jl~1J) 

1 71 22 7 10 20 

2 69 24 7 10 20 

3 69 22 9 10 20 

4 67 26 7 10 20 

5 67 24 9 10 20 

6 67 22 11 10 20 

7 65 28 7 10 20 

8 65 26 9 10 20 

9 65 24 11 10 20 

10 65 22 13 10 20 

11 63 30 7 10 20 

12 63 28 9 10 20 

13 63 26 11 10 20 

14 63 24 13 10 20 

15 63 22 15 10 20 

16 61 32 7 10 20 

17 61 30 9 10 20 

18 61 28 11 10 20 

19 61 26 13 10 20 

20 61 24 15 10 20 

21 61 22 17 10 20 

22 59 34 7 10 20 

23 59 32 9 10 20 

24 59 30 11 10 20 
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' ... 
\lflH'I Ofl'J1ff1'l.IHff1Jllltl~1flQ~1.J(fli'1J) 

1"'1Ufltl1.J 
...... 

... 0 " 11.J'W 1 \'I, 'l.I' 
.r. 

tl::Q1Jl'l.IV1J A'l.lfllq''Jlljl)'J lll&tltlV 

tltlfl, • .r ' ' 
(1Tf1J&;\1J) (1Tf1J&;\1J) 

25 59 28 13 10 20 

26 59 26 15 10 20 

27 59 24 17 10 20 

28 59 22 19 10 20 

29 57 36 7 10 20 

30 57 34 9 10 20 

31 57 32 11 10 20 

32 57 30 13 10 20 

33 57 28 15 10 20 

34 57 26 17 10 20 

35 57 24 19 10 20 

36 57 22 21 10 20 

2 2 'JI 1 - '112• ' 1.5.2 1.JA&tl1Ufll\1.Jti1V111Jtl1.JA AVm'l'1J11i1.JAU11~Ut11H1'Wfl::UflHltl'l.llll'l.11A 100 11J'tr 
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. - -
fllYfn 17 uufl~ufi~Y1flftfl~1ilflAuilu6JY1U hhiu1u 

... .l , ,, ,, ..I ... _91 QI ! 0 , ..I ... ... 
1.5.6 FWtf1J~11J 'HU'tf~Yl~W111J1ll1fl~11ft~'11fl1JUU1 Ufl11Yl~W111J11 120 fl~fYllCJfftlO)ftla' - . 
1.5.7 'lhiul1Aftfl~1~l'n 1 Ylfla'fl11a'11,ml11~fl1tlfll't'tflflULFfl,~Uri 

1.5. 7 .1 Ylfla'fl11fl111Ja'11J1ltl 1 Ufl1l~UlU~1tllfl~tHOfl 
QI ,: ... .M 

1.5. 7.2 YIAa'fl1Jfl111J'tffl911,,tHl'l.lflfl'l.lu'l.I 

d 
1.5. 7 .3 Ylfla'fl11fl111JU,,~Ul ~ - . . 

l.5.s 1l1iuY1Aftfl~1ATI 2 1FnTI~W111Jjj 1,300 fl~ff11•a1Gjvu 111w1mfYflflflGJf1Aoiu ~1t1 
Id ... ... 1! 

lf11Ufla''Jf1JflYl1~lflUft1JlflUft~ - . . 
1.5.9 'll1i'l.ll'lflftfl~1flTI 2 -rlH1'l.lfl1llN1l'lfla'fl1la'11ml'l1~fl1tlfll't't11ft~lN1 i~uri 

- -1.5.9 .1 fl111J11fl~111Jt>~1uflA'l.lilu11ft'~1N1 
"' l ... .M QI 

1.5.9.2 fl11JJUllJ~UHl!Jfl~lUflfl1JuU111NlN1 

- -1.5.9.3 fl111JYIU ,~l!Jfl~lUflAuilu 
I , _ M 

1.5.9.4 fl1111111J1UUUl!Jfl~l1Jflfl1Ju'lJ 

s l ... .M ... 
1.5.9.5 ril!Jfl~lUflflUu1J11ft~lN1 

0 J! ..I,~ J! ... ..,, 
1.5.10 Ul'Ufl~ftfl ""'1fl 'Ufl 1.5.7 ua:: 1.5.91J111fln::1111Jfl~ft 



fl1U'lWfJfl1t'hUN111J'llfJ~fi!VIU1"' UU'JU V1nfl111~1111Jl11~fJ1J 
~1Ulti1 1~Ufl'BhUN111J\l1U'lU 36 ~'l6U1~ 

.x ... r • ., • 
'D'l.l6uLlVl.:JVll'lfltl.:JIJl'ltl!l'Nfl:: 2 ,Ill 

,l'lfl:: 3 LlYl.:J/tl1.J~~N1..UJjl 120 tl.:Jfll1L'llflL:il!!tq 

• ..j 
LlVl.:JVll'lfltl.:J,l'IVI 1 

• ..j 
LLVl.:JVll'lfltl.:J,l'IVI 2 

VI l'l~tl1.J fll'l1tl LL-f.:J Ll'Nntl'l.IL~1 VI "'~tl1J fll'l1tli.4"'IK'lritl'l.IL~1 

..j ... ~ 
L~1Vl~N1.UJtl 1,300 tl.:Jl'l1L'llflL'D!lft 

1Jtt!l1n11'1tltln;L"'{'l.l(OF} 

84 
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1. 7 t'l'\11\J ~1fn101'!i 't'l~UlfH 
f1vvli1mn1~rnfl.:i1uiftJ.:iu~lliim1tY1'U11'Jf11't1fl lu lav1'1fniimf 

flw::mfl lu lav~"fl'Ttmn11 111111..,v1nvn'lfnn~\lafl'.:ifln11 
.. "!!! 

1.8 m111fln::wutl2Jtl 
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1.8. l fl1fl111JU~.:iu 'j 'l'Uf.J'IR\Jflf.J\Jn1'!ilH1Utl::'t1n.:im'!ilH11lfl'!i1::11'.Wfl\jtl lttv 1f 

q"'!i(Andrewe, 1977 : 44) 

1974 :311) 

M = l.fL 

2b<I2 

1if M = fl1fl111JU~'IUH'Uf.J'IR\J (nlani'1J~f.)"1'!i1'1l0Jf\J9il1J~'!i) 

P = uH~nf'ln11if ufi.:i't'lf'laf.J.:i'ti'n <filani'11) ,, 
L = 1::v::1i1.:i'Ufl.:iuYiu1fJ.:ii'u;u't1f'lnfl.:i (l•u9il1J"1) ,, 
b = fl111J0~1'1'Uf.J'l;\J't1f'ltlf.J'I (10Jf\J9i11J"1) ,, 
d = fl111111u1'\ltl.:i;u..,"af.J.:i <1•u9i111"1) 

1.8.2 fl1fl111J'Ylf'l~1flf)\JLH1LLtl::'Yln.:iLH11Lfl11::11',f)\ll'l lf'lvlfq"' (Rhedes, 

f f.Jtltl::fl111J't1ft~1flf.J\J 011 lN1 
Q ii Q ,, 

fl111Jtl119'1Jl tin - fl111Jtl11,,tl'lfllJUH'I X 100 

f11111v11,,tl.:iRu1ilvn 

~ QI Q QI .Q ~· - QI 1fJVtl::fl111J'Ylfl"1,,tl'lft\J'Yltl'llN1 = fl111Jtl111lJ6'19'lJlIJtl0 - fl111JCJ111lJO'lfl\,l't1lt.:ilN1 X 100 

m1'Y19'~1,,6.:iRu1ilvn 

1.8.3 fl1fl111J't1\J1uuu 11fln::11'lflt1 lfq"1 

,, 
fl111J'Yl\J1UUU(Density) = 111a<\l1tt\Joof 10 

ul111"'<"111.:i1•u~111"1) 

1.8.4 fl111J't1\J ,-n,,f.J.:il if f.JRU 11fln::11'l f'lt1n1'!i 1flm'!i l li.:i.:if.J,,f.J'IU-ri.:i'rlttflf.J'I 

!:! .l .. .. "1 ... !:! .l .. QI QI • ... !:! 
1.8.5 ·n'llf.J'll1Jf.Jft1J1lfl'!i1::'t1 fttl01'!il't1Cl1JTillJfJ'll1Jf.JflU'Yltl'llN101JUNUl't1tl1Jtt 

(Pantone Formula Guides) 



. ... 
~f}\.l'YI 2 
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2. m1Na~6JV1u hhi u1u l~wl.f1"'1umnuflu1~q~u l u~~1fi1uNl'11J A11iium11'v 

" " oQIQI GIA 

~11Jt'1fl1.J,,\.l~f}\.lfl.:J1J . " 
2.1 fl11'YlflntH l \.l~fl\.lfl l 'll::Yi1 l..f V1111.Jl'11JllitV11.:itnt.1tn'Vt,,fl.:JVJ'Yl'U ,Tiu \.11\.1 li.:i 

Ql4 ' ~ QI Q 4. • 

l'11J1.J~'Yl1.:Jfl1t.lfl1'Vtflf}\.11N1Ui'l::l'11J1.J~'Yl1.:Jfl1t.lfl1'Vt11i'l.:JlN1f.2W11fl1J 1,300 tHfYlt01m1•1ml'1 laf)fl~~, 

ff1\.INl'111~ul'111llitV11.:i111rm1"Vt111u1::ffu111fl~~fl lfltniir1mt\r1.:iti'ufJWff1JlliiV11.:Jfl1rlfll'Vt~l\.I 
d QI I ... ,a.I 

fl111JU,,.:JUH11i'l.:JlN1Ui'l::fl111J11\.11U1J\.l,,fl.:JflJ'Yl'U nU\.11\.1 ARM C2 
' JI ' • 

2.2 i.:iil111tl'11fi1uNl'11J1~qA1.J~11J~~1ff11JNl'11Jii1nflfl 11J~61J'ii 1 

2.3 ~1J11.l61V1uiTluiJ1u 1flv1.fuuufi11.Wln11::~1t.11fl~fl.:itl'fl 1B 1fl'lafl ,,'U1fluHtl'fl 

300 flfl./~'.i. llJS1J. l't\'u,,1J1fl 1111"1tir1.:itiu61n1J 1TIU1J1\.I ARM C2 
" ' JI • 

2.4 1.ltfot.1;1J.:i1u1..fu't\'.:ifif.2tu11fJij'tffl.:i 11an111tl''Uu1illfltJnf.2W11flij 120 fl.:JfY1 

" . . 
2.5 '1l1;f'U.:i11JTIN11Jfl1161.Ju1"11N1Tif.2W11fJij 1,300 fl.:JfY1111JSatiit.1l'11.J'.i'.it.11fl1ff 

fl6flitflY1J ~1t.11~1ulll'1n1.:i1~utmf fl1Ji'l.:J 

2.6 1ti\'Na~ft'wcri'61uu1un1J iT1~lf1"'11mnmfluri1uNff11il111.lnflnfl.:i l .f .:i1u 



0 ... ,p 'JI 4 ... "., 4 

V1flfl11A1l\J\Jfl1'il1Afttl.:i~11Jfl1::1J1\Jfl11 '1'Utl\jftCJf.:jff11J1'iflUffA.:iNftfl111lfl'i1::11A.:i1J ,, 
ntm::1iivAmhvvmrlu 2 ~tl'l..I ~.:i~v hJil . ,, ,, 

~v1..1Vi 1. m1ffmflff1Ju~n1.:imvmvt'Ut:i.:i1ilvA1..11l1..161n1..1 i-n u1..111..1 1Avlf1~1una11 

1rl1..11~QA1J, 'U\1~'iff11..INff1Jtltl'UlN1lm::mY.:i1Nlf:lW'tt f.lij 1,300 t).:jfl'llCJfftlOiftJff 1J'j'jtJlfl1fl' 
... .., 

tltlflCJflA'V'U 

9101..1~ 2. m1NH9IOJfl'l..I i,.-1u1..11u 1~w1.f1~1umm11'u191QA'U1uq911d1ufunJm1Hn9I 

61nu1-nuu1u 1AvH/1~1unamrlu1'9IQA1Jl1..1\19l'HY'lUNff1J 

d 
910\Jl'I 1 

Nam111fln::H'~o2.1an1Jtmn1.:imvmvt'Uo.:ilif 0Auduo1nui-n uu1u 1Avlf1~1una11 
1rlu191QA1Jh.!\19l'itY1UNff1JOOUlN1Uft::'tta.:i1NlfJW'ttfJij 1,300 t).:jfl'1lCJfftlOifvtY 1J11Vlfl1fl' 

,, ,, 
11a.:iv1n 11l't'i1m1J11m1fin111~0\laff1Jtmn1.:imvmvt'Uo.:in1oA1..1ilu61nu l1'uu1u 1Av 

m1 ij1J~'lt:ith.:iu 'lJ'lJ ~11vt1::1 v1:: v .:i v10911n.:iff11J111~v11~1u1'Vi11 ~ \1917 ti1u Nff1J ~ 1u 1u 36 \1911 

1Av1.f191QA1J s "VUA i~url 1~1uoa'U o::Qij1ilt11JOOfl i.~ A'l..IAT'f'illl{)l 1~1Jl~1J Aumu ln 

, "'1 I J! .:.- , I J! QI .. I ..! ,,, ... 
'1..191 'U\19l'iff'l'UNff1Jltltlft:: 10 ua::'UmtlV 'U\19l'iff1\JNff1Jltltlft:: 20 fl'j1J l'YtO'V'lV111 'ttlflAfl111J 

4 O 'JI... ,: ... QI I P "" ,/'JI 
l'tt'UV1Uft::l11111lflAl'Yt1'U1u11..1001nu i-nuu'J'W 'ttft.:jN11Jfl1'JlN1 ,'1Nft'llfl11::11'U02JftUffA.:j 
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. " " ~nn~-n 6 Hnm111m1::lf tJOU'11JU~\'11~fl1Vfl1'Vt'IJf.l~l;jf.l~1..liJ1..1rlf.l1..1lHl 

tJtll ff1Jllii'VI 1~fl1Vfl l'Vt'IJ f.l~n'.f f.l~'l..ltl 1..1 flf.l'l..llHl 
..; ..; d 

. 
m1;f1..11tJ 

.., ... 
\l~l'VI f1111J11A~11Ul1V f1111JU'IJ~UHl~nv 

(~f.lvn::) (flfl./~l .81f1J) A'1vm1t1A 

1 -2.53 0.11 ;f1..11tJ1~ 
2 -2.36 0.10 ;f1..11tJ1A' 

3 -2.39 0.17 ;f1..11tJ1A' 

4 -2.47 0.10 ;f 1..11tJ1~ 
5 -2.42 0.13 ;f 1..11tJ1A' 

6 -2.36 0.10 ;f 1..11tJ1A' 

7 -2.33 0.20 ;f1..11tJ1A' 

8 -2.44 0.21 ;f1..11tJ1~ 
9 -2.31 0.22 ;f 1..11tJ1A' 

10 -2.25 0.22 ;f 1..11tJ1A' 

11 -2.22 0.23 ;f 1..11tJ1A' 

12 -2.31 0.22 ;f1..11tJ1A' 

13 -2.25 0.22 ;f1..11t11A' 

14 -2.28 0.24 ;f 1..11tJ1A' 

15 -2.17 0.25 ;f1..11t11A' 

16 -2.25 0.22 ;f 1..11tJ1A' 

17 -2.06 0.23 ;f 1..11t11A' 

18 -2.22 0.25 ;f 1..11tl1A' 

19 -2.39 0.24 ;f1..11tl1A' 

20 -2.36 0.29 ;fu1t11A' 

21 -2.39 0.22 ;f 1..11tJ1A' 

22 -2.47 0.14 ;f 1..11tllA' 

23 -2.36 0.11 ;f1..11t11A' 
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. 
fl1'H3fl 6 (R6) 

- .( - d ' fJWU1l'Uflfl1'3t11tlfl1'nttl6'3l'l.J6fl'l.J '1.Jfl6'1.JlH1 
.d "' .d d .d ml4'1.J1u ~fllfl fl111l'Hflfl1HHUJ fl1111UIU'3UHlUtUI 

(ft>oa::) (flfl./flVJS11) i1tlfl110fl 

24 -2.28 0.15 lu1ui«i 

25 -2.22 0.16 ;f'l.J1uii 

26 -2.33 0.13 ;f 'l.J1uii 

27 -2.31 0.15 ;f'l.Jluii 

28 -2.36 0.23 ,'l.J,11ii 

29 -2.58 0.00 4'1.J1uii 

30 -2.50 0.07 ;f'l.Jluit\' 

31 -2.11 0.30 4u1uii 

32 -2.22 0.29 4u1uit\' 

33 -2.19 0.40 4'1.J1uii 

34 -2.25 0.35 4u1tJiii\' 

35 -2.31 0.36 4u111ii 

36 -2.11 0.36 ;fu1uit\' 
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fJWft11u;i't11~mvmvt-utl~lif tlAutlu11ft'~lNl . 
d I 

fl111J't1U i-w 4 ... "' iY-utl~lUtlAu \l~'S't1 fl111J11~~1 fl111JU-U~UH fl111J11UlUUU 

mav(!tltJlt::) 
. 

lU tltJ(flfl./~'S. OJ11J) (fl./lt1J. OJ11J) 

't'IU,~ 
I 

1 6.45 2.60 0.82 l't'lltltlU 

2 0.82 't'IU,~ 
I 

5.73 2.53 l't'lltltlU 

0.83 't'IU,~ 
I 

3 5.67 2.52 l't'lltltlU 

't'IU,~ 
I 

4 5.64 2.30 0.83 1'11 tltl u 

't'IU,~ 
I 

5 6.08 2.98 0.87 l't'lltltlU 

'YIU,~ 
I 

6 6.02 2.71 0.85 l'YlltltlU 

't'IU,~ 
I 

7 6.51 3.02 0.90 l't'lltltlU 

't'IU,~ 
I 

8 6.53 3.25 0.88 l't'lltltlU 

't'IU,~ 
I 

9 6.68 3.08 0.87 l't'lltltlU 

't'IU,~ 
I 

10 6.63 3.45 0.87 l't'lltltlU 

't'IU,~ 
I 

11 6.68 3.23 0.88 l't'lltltl u 

't'IU,~ 
I 

12 5.84 2.32 0.84 l't'lltltlU 

0.86 't'IU,~ 
I 

13 5.62 2.42 1't116tlU 

't'luiA' 
I 

14 5.89 2.63 0.87 l '11 tl tl u 

't'IU,~ 
I 

15 5.82 3.05 0.88 l't'lltltlU 

't'IU,~ 
I 

16 5.51 2.46 0.85 l't'lltltlU 

't'luiA' 
I 

17 5.55 2.38 0.84 l't'lltltlU 

't'luiA' 
I 

18 5.33 2.37 0.84 l't'lltltlU 

'YIU,~ 
I 

19 4.80 1.95 0.83 l't'lltltlU 

't'IU,~ 
I 

20 5.48 2.54 0.87 l 't'lltltl u 

't'IU,~ 
I 

21 5.15 1.80 0.84 l't'lltltlU 

0.81 't'luiA' 
I 

22 4.85 1.57 l't'lltltlU 

't'IU,~ 
I 

23 4.10 1.32 0.81 l't'lltltlU 
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. 
~nn~Yi 7 (~o) 

fJWt'Y11,mn1~mvm'Wiuo~1if o~urlu1u1'~1N1 . 
d I 

fl111Jfl\J i.w a .: ... "' tlA'jfl fl111J'Hii!A1 fl111JUl\J~UH fl111J'H\J1U\J\J 1\10~1\JO~\J 

mgv(f ova::) 
. 

maV(flfl./A'j .GJf1J) (fl./a1.J.GJf1J) 

0.83 fl\J'" 
I 

24 4.32 1.61 lflltltl\J 

0.84 
fl\J '" 

I 

25 4.51 1.24 11'1100\J 

fl'U11! 
I 

26 4.56 1.50 0.82 11'1100\J 

fl'U11! 
I 

27 4.10 1.23 0.81 11'1100\J 

fl\J'" 
I 

28 4.07 1.33 0.82 11'1100\J 

fl\J," 
I 

29 2.57 0.25 0.58 11'1100\J 

fl'U1« 
I 

30 5.61 2.54 0.86 lfl100\J 

fl'U," 
I 

31 6.96 5.06 0.94 l'Yl100\J 

'Yl\J'" 
I 

32 5.84 3.91 0.91 l'Yl100\J 

fl\J'" 
I 

33 6.31 4.83 0.96 1'1100\J 

fl\J'" 
I 

34 6.95 5.28 0.93 11'1100\J 

fl'U1« 
I 

35 6.76 5.20 0.94 1'1100\J 

fl'l.J,~ 
I 

36 6.91 5.17 0.93 1Vl10tl1.J 
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d 
~tl\.l'YI 2 

Nl'lm111m1::1im1Na~6JY11..1iliu1..111..119'v1f11"1ufll'lrnrl1..11~q~u11..1t1~'ri11..1Nn1J 
I 'JI I I 

m1~11uum11~v~tJun 2 il1rlumnhNl'lm1Y19'l'ltJ~1u~tJun 1 ttan1flni"111m1fffl1:11~tlJ.tl'I ,, ,, ,, 
ft1JU~'YI 1~fl1tJfl Tvt~tl~l Utl~\.I U\.I 61 'YIU, 'tiu u 1\.1 -n~ti tl\.I lN1Ul'l::tta~lN1 mnn vrnfi tJ1.Jfl1.J fll'j 

'Y19'fttl1.Jft1JU~'Yll~fl1tJfl1'vt~tl~61Y11..1, 'tiu u 1\.1 ARM c219'tJlfltJ1.JlfltJ~fl1.JfJW ft1JU~'Yl1~fl1tJfl1'vt 
'J! d QI I 5.6 1""°'"" ... A 
'11\.lfl111JU~~UH'Hl'l~lN1 fl111J'H\.11U\.IUUl'l::-.:1 '1J~fl'l::1.J1Ufll'J''Y19'fttl1.J l't111fl1'JUl'IZlfl'rn~'lltl 

&'tiUl~tJ1fl\.I fl1.Jfl1'J''Yl9' fttl1.JUfi-3'Yl9'l'ltl~ 1 \.l~tl\.I ~ 1 

Nl'lfl1'J''YIRfttl1.Jft'llllii'YIHfl1tJfl1'vt~tl~61Y11..1i'tiu1..111..1 ARM C2 'vt1.J11 i'.jfl111JU~-3UH'Ha~ . . 
.ct I cl !!!! ~ 

lN11Ul'ltJ 3.23 flfl./~'J' .'1J1J. fl111J'H\.11U\.l\.11Ul'ltJ 0.84 fl./l'l1.J.'1J1J. -n~11fl'J'1J ,, ,, . 
,, 1flfl 11 l fi tJ1.J ltltJ-3 tJW ftlJ U~'YI H fl1tJfl1'vt'vt1.J 111 iT t)~'IJ U\.I fi i'.jtJW ftlJ U~'YI H fl1 tJfl1'vt 

d iP , A tll:6 M' 4 c1 d QI d 
l'H1J1Zft'll'Yltf9' '1Ufll\.ltl9'\.lu\.lfJ~l'YI 10 1Jfl111JU~~UH'Hl'l-31N11Ul'ltJ 3.45 flfl./~VJflJ. fl11'll 

I d S I "'"'"' 0 I " Q ~ d itl.l ti 'H\.11U\.l\.llUl'ltJ 0.87 fl./l'l1.J.'1J1J. rtl'Ylltltl\.I ~p,-,tJ1..11'tJ~'Sft11JNft1J~tl-3l\.ltlR\.lu\.lfJ~'J''YI 10 ~1..11 

Nft~fttu~6J'YIU i'tiu1..111..1"1tJlfl~tl~6R i89'1tlftf) 19'tJ 1f um.iTiuvt'la11:: fJ~1ff1UNft11iiJ'YIU i'ti 

~1..11t1i"~ tta-3N1\.lfl111N1ft11J1'J'flU11J11f1rl1..161Y11..1i'tiu1..111..111..11~1lN1 ," 



' unii s 

1. 1~6fffl'lflff11iml'11.:imt1m'W'U6.:i1if6A'Ullu61l'lu i-n uu1u iiiwl.f1~1mum1rlu 
19'QA1Jl'U"l9''Sff'l'UNff1Jfl6'UlN1Ufl:11n'3lN1~W11fJil 1,300 6'3ff1l01ffll0it1ff 1J'SW1fl1tY66t1oilftoi'U 

2. l~6Na9'6Jl'l'U i-nu'U'l'U iflt.1 ,.,,~1llt1f11Jlrl'U19'QA1J l'U"l9''Sff'l'UNff1J 

' ..., ' nqllfl18r.IH 

mes fin1:11a-11llill11.:imt1m'W'U6.:!&if 6A 'U llu 6Jl1'U i-n u u 'l'U 1iiW1.f1~1unflrnrlu 19'QA1J 

l'U"l9''Sff'l'UNff1Jfl6'UlN1Ufl:11n'3lN1fJW11tJil 1,300 6'3tl1l0lffl&Citlff 1J'SW1fl1ff66t1oi&ftoi'U 

ntj119i1mh.:i~ 1 fl umcs1iv fl fl tl9\'S 1rl1uNff1l'U6.:i1if 6A'Ullu61l'lu i-nu u1u~ i~, 1n 

JI JI I JI JI 

m11ivfli'.:iihrlumcs1iv~1v1im1l'lflflfl.:i 1.Wflfin1:11a-11lliil'11.:imv111'W'U6.:i1u6A'Uilu 

... d .. ... d, ~ ... .., t ,!,~ I QI Al ,/.A J !'It QI :J! 
&lfl:lflfl61Jl'll111J1:ff1J lfl'S6'31J6l'l 'If l\Jfll'S1'ltlflH'U 'i'1Ut1 'lffiiJUfl:fJ11t1'Stu 0Jf'3U1J'3'1J\J11'l'U6 

ti 

l11l\}A'.:i~6111\l 

L 19'QA1J~U1'1.11,.,,'Ufl1'S'r\f11'6~ flt) 

1.1 l~1Ut1ft1J 

... 0 " 1.3 fl \J fl 1'ty'S11:1 {) 'S 

1.4 Aumu il11u~ 
ti. ... ... 

1.5 'Ulfttltl 



• .. _, .... ,Y.111 ,.JI ' 
2. lfl'Hl-1111tlUt'lt~IJfl'JWYI 'D L1Jfll'JYl9lt'ltl-ll l'tUfl 

2.l l9l1U~ffU1.J1.J't'l1-lll~Ut'111f oua-11 'Wf fl11~Ufl'JW19'1 
• • ., ... , 1 ... .., _, ~ 

2.2 lflltl-1111tl19l~W11fJ11 'W 'll119llfl l't'ltl'l 1lfl611l11t'I (Pyrometric Thermocouple) 
... . 

2.31mtl-11i-11ivHh 

2.4 ~::UflHfl'ltl-lll\IU19l 100111,, 

... ... , ... 
2.5 lfl'ltl-1169'1 691lflt'lfl 

... .., ,,, _,.: 
2.6 U1.J1.J'W11'W t'l11tl\IUlIJ,,U't'l91t'ltl-ll 

... d 
2.7 lflltl-ll't'19ltl'tl1.Jfl1111Ul\l-llUH 

2.8 UNU&iiV1.Jft 
....... 

2.9 l1tll&UV1 

.. 
~ltlU't'I 1 
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1. m1nmflt'l'11u9in1-11mvm'Wl\ltl-11n1'0Auduvrnui-n ~u1u l9lv1f1ll1uflamflu 

19lQA1.J1UU9''lfb'lJNt'l'11fltl\JlN1Ut'lt11a.:J&Nl~W11t.JU 1,300 tl-llffllGJft'l&Oivff 1.J'lW1fllfftltlfloi&91i'lJ 

1.1 fl111U91flq11i1flV1-ll l9lVfll'ltl11i16Vl-llU1.J11'lll'Wltl\ll:::t-ll\llt19'1'lHt'1'111l11gV11 

A'1u1fi1iA'tJ9''lft1\JNt'l'11tlU1\J 36 U9''l l9lv1f19'QA1.J11at1 3 'VU9l iA'uri 1ll1Ut1t'l1.J o::uu1ilv11 

, .. ... .. ... .. .. ... ... 1 , d'.J' ,! ... .J' , 
66t1 '1191 91'lJ9'1tfHl!l{)l 91./lfll'WYI 14 l'W1119'1191\Jl\J\J 't'I 'lJ9'ltlVt'lt 10 Ut'ltl\llt'ltlVltlVflt 20 'Uf.)t1 

• ,! ... ' ' 1.3 \Jll\IU'l6VN1U~tUt1H'lflUl\l'lJ19l 60 111-V 

1.4 i-11u1uNt'l'1119'QA1.Jtl~'a:: 1,000 ni'11 fllJt1lfl~1lll'1f1tl'u Nt'l'11J11~flllf 
' ... ,l ., ,,, _1.J' ... ... 

ff1\JNt'l'1111fl111J,,Ul11111t'1'11t11.Jt11'.il\IUlIJ"1Vlflltl-lltl9l 

• ' ,l ... ~ , ' ,,, _, ~ ' 
1.5 Ult'l'1\JHt'l'111\ltl-lllU69lUIJU 'lJU9'a::q9'll\IUl11l1JUll't'l-ll't'l9l'atl-lll\IUl9l 12 x 3 x3 

1oru9i1119'l '11u1u 2 191cia:: 3 ufi-11 ua::ufi-11Y1fltrtl1.Jfl1111Y1u i-w 1 1fl via:: 1 ufi-11 
4 .: , ,, -" .. ... ,, ... : 0 ,_, ...; .... 

1.6 N-ll,,\J-111\J 11U11-llYl~W11fJ11116-1111'ft-ll\llt1U'lJ'lJ1 11tl1.JYl~W11fJ11 120 0-llffl 

II ' 

1. 1 'll1YUY19lao-11191ii 1 Y19lft'tl1.Jt'l'1llMY11-11mvm'Wriou1N1 iA'uri 
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1. 7.1 'YIAtYV1.Jfl111JtY11J1'Hl lum"I41..11tli1mfl~V'30A ,, ,, 
1. 7 .2 'YIAtYV1.Jfl111J11A~1'UV'3&UVA1..IUU 

d 
1. 7.3 'YIAtYV1.Jfl111JU'U'3m '3 

,, . . 
o.c:it. .cl. .cl -=:rt. 4 Q w 

1.8 1..11'Jf1..l't1AftV'3'fA'YI 2 lN1't1~W'l1fJ1J 1,300 V'3ff1l0:1fal'11'fJtY 1.J'j'jtl1fl1ffVVfl'1UA'Jf1..I 

~1tll~1UfltY'1fiiA'Yl1'3lA1..lft1Jf Vt.1M 
,, . . 

1.9 'll1;$1..1'Y1AftV'3'fAfi 2 fiH1lJfl1llN1'YIAtYV1.JtY1Jllii'Yl1'3fl1tlfl1YC'l1a'3lN1 i~url 
.... A' ... M .... 

1.9.1 fl111J'HA~1'UV'3l1..I VA1..l u1..1'11ft'3lN1 
.,, A' ... M .... 

1.9.2 fl111JU'U'3UH'UV'3l1..IVAlJu1..1'11ft'3lN1 ,, ,, 
1.9.3 fl111JYtt.1 hJ'UV'3&UVAt.1il1..1 ,, ,, 

' • Q !1 1.9.4 fl111J'l11..11U1..11..l'UV'3l1..IVA1..lu1..I 

s A' ... M .... 
1.9.5 ·ct'UV'3l1..IVA1..lulJ'Hft'3lN1 

... "2 
1.10 1lflll::'l1'UV\jft 

2. m"INn~61 .. 11..1ivfo1..111..1 lAvl.f1<\'1unamrl1..11'~QA1.Jl1..1q~HbuNtt11 

2.1 1nvnq~"I-ri11..1H1111~ij1111llii111~mt1mYC111111::1111111n~itA 1Amiivmilv~ilu 
tJW 111Jllii'YIHfl1tlfl1YCi11..1 fl111JU ~'3U l '311a'3lN1Uft::fl111J'l11..11UU1..l'UV'3tlJ'Y11..1, -Wu 1..l 11..l 1J1~l !11..1 

ARMC2 . ,, . 
GIO WI QIQ I d.4 

2.2 'ts'31..11'111..lfltY11..INtY1J1~QA1.J~11Jq~ltY11..IN111J'rUftflfl 

2.3 41..11tl61'Yl1..11'rJu1..11u 1Avl.fuuun11~la11::~1mfl!v'3tiA i81A"Inn 'Uu1AuHtiA 

3 ~1..l/~V111J. l..fij'U1..11A ln1"1ilt1'3fl1.JVJ'Y11..l,-Wu1..11u1J1~l!11..I ARM C2 
tJ I tJ I 

2.4 tlrlvviu'311..1l..fu..f'3TI~w111Jii..ffH 11a'3'11nil'1..1u1it1vufi~w111Jij 120 V'3ff1 
... ,,, ,, ... 

l'11ftl'11t111 'HU'H ~111..l'YI 
,, . . 

2.5 'll1;$1..1'31lJTIH11Jfl1'jf)1.JU1"1lN1TI~W'l1fJij 1,300 V'3ff1l'11ftl;tltY 1.J'j'jtllfllfY 

VVflGMlAoM1..I ~1tll~1UfltY'Yl1'3lA1..lft1JfVUft'3 

2.6 iiNn~fl'wcri'61u1..111..1'Yl1..1 i-W~l f1(\'1unamrl1..1-ri11..1Htt11u1 it1'YIAftV'3 lf '311..1 

,, ,, ,, 
fl1l1it1fli''3ilf1it1TI1fl1l1&m1::'1'~v\jftU-U'3VVmrl1..1 2 ~V1..ltl'3U 
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~6\.1~ 1 fl1'Sfft1\JltY1Jli~'VIHfl1tJtn'Vt'U6'3Lif6A'Udu~J't1'U ,..., U'U1'U lfllvlft~l 
Utlnmi1u191QAU1UfJ~Hh'UNa'1J06'ULN1LUl::'Yin'3LN1f2ft!11tlij 1,300 6'3fYWJ1ativa- 1J'SW1fl1ff 

I d ""' ' "' "' </'JI 1 ,.J! 1.1 fllfl111JU'U'3U H'U6'3tll'Ut16'Ufl1'HN1Un::'Yln'3t11'SLN11Lfl'n::'Yi'Ut:IJJH "'" 'I 

fJ~'S(Andrewe, 1977 : 44) 

1974: 311) 

M=~ 

2bd
2 

11f M = fllfl111JU~'3UH'U6'3A'U (nlntii'1J~6~1'n'3LOJS'U~L1J~'S) 
.,I 0 , !} I QI .tlQl QI 

P = UH'Vltltll'Vll 11 U't1'3'Vlt'lft6'3l1t1 (tl Htl'S1J) ., 
' ' QI .tlQ Q L = 'S::tJ::l11'3'U6'3U'Vl'U'St:J'3'S1J'1f'U'Vltllftt:l'3 (LOJS'U91L1J9l'S) ., 

b = fl111Jt1~1'3'U6'3;'U'Vltllft6'3 (lOJS'U~LlJ~'S) ., 
d = fl111Jl1Ul'U6'3;u't1tlln6'3 (1oisu~11J9l'S) 

1.2 fi1fl111J11tll~1ri6u1N1un::11n'31N111fln::11'~t:1JJn lfllvlftJ~' (Rhodes, 

~ QI I .Q ii ""' 'JI 
·rnvn::'U6'3fl111J'YIA~1tlt:l'Ut11'SlN1 = fl111JC!11ft'Ul C!tl - fl111JC!11'U6'3A'UU1N x 100 

fl111JC111'U6-3Amifoti 

.. ,, 
fl111Jtll1'Ut:l~~l'l.Ul'tH 

~ QI Q .. ~· .. .. 

rnvn::'U6'3fl111Jl1A~1'U6'3tll'U = m111t1nvt:Hfl\Uvt10 - m111m1'l!tHtllnrn.:ua1 x 100 

01rntll9'1'Ut:1~fiu1tlt10 

I I ... "'l ,.J! 
1.3 fllfl111J'Yi'U1U'U'U 1lfl'Sl::'Yi f!C! 'ltJ~'S 

., 
fl111Jl1U1uuu(Density) = 1J1n<u111U'titii'1Jl 

tl~1Jl~'S(Qt11JlfffllOJS'U~L1J~'S) 

., ., 
1.4 fl111J'rl'U 1 vl'll6~1i7 t:JAU ih.11&fln::H'1 AtJff ~mAm-s 1 t\'~~tl'Ut:J~u'fi~'rlAntl~~u 



(Pantone Formula Guides) 

, .1 _.j/ - ... QI Q ./~ 1 O I 

1.6 fl111Jff11J1'Hl 1Jfl11"1J11JV'l1V11ilfl'Stl.:Jtlft11fl'J1::11'\ltl\ft't ftV1J1ff11JHff1J 

,: ... ,_ • .1 _11' A .... , ... ... I .1 _,,1' ... , I 

,_,tl.:J11Jtlft1J lJ"1JllJV'l1Vlflltl.:Jtlft tlft'Stltlfl't'f'11'JW1t)11ff11J1'Jfl"1J11J '11116 1J 

. ... 
9'tl1J\'I 2 

2. n11Ha9'0J'l'IU 1 wu u1u 1Av1f11"1unamrlui9'QA'U 1uq91nhuHtr11 
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,, 
1 u m111fln::..Y~tl\tam1 Ha9'0J'l'IU i wu u 1u il&rlum1-rt v11w 11fl tlfl\19''S ri1uHtr11,,tl.:i 

JI tJ I I I 

1u tlAuiJuoJ'fl\J 1wuu1\Jfi 11v1nm1'f!Aatl.:i1 \J9'tl\J fi 1 fijjfl11m11111::tr11un::tr11111oil1111 

... 111 ... ,,....., 0 ... , .: ... M ... 1-·' 1 ... .... 
Hll9' '1V'S.:J FJ1VV\'11fl1'Sllltlfl\l9''Sff1'UHff1J,_,tl.:J11Jtlft1JlJ1JtlJ\'11J nU1J11J ftV't'f'11'SW1'11flllfllJW:: 

tJ I/ I I I 

\'1Hfl1Vtl 1't'f ,,tl.:J 1 UtlAU ilu fi N11J m11H1u~1fijj n11u~\'1Hfl 1Vtl 1't'f m 111:: tr11111nfiqA 1 AV 

1fi vmfiv.:in'UtJW tr11u~\'IHmvtl1't'f i 1uf11111u~.:i u 1 .:111n.:i1H1un::fl111111u1111.l u "tl.:io 1 l'lu i w 

U1J11J1l19''SJ11J ARM C2 

v1nm111fl n::..Y Hllfll'Sl'IAn tl.:J 1 u u~n::9' tl\J tr11111 ntr1t1Nnih1vn::1iivA~-:afitl 1 iJd' ,, ,, 
1. m1ffnlJ1tr11lliil'l1.:imvm't'f"tl.:i1i1tlAUi1uv1\'lu 1w uu1u 1Av 1f11"1unnmrlu 

19'QA'U11J\l9''SU11JHff1Jfltl1J1H11m::11n-:a1H1tJW11fJij 1,300 tl.:JftilOJa&Givtr 'U'SW1fl1fl'tltlfli&A-i1J 
,, ,, 

1.1 tJW ff1lllii'f1Hfl1Vtl1't'f"6{11UtlA\JiJ'UOJ''fl'U 1wntl1J&N1 ,, ,, ,, 
1.1.1 f1111111Ai1rltlu1H1 &UtlAUuuli'.:i 36 \191'SU11JHtr11iifi1fl111111Ai1rltlu ,, ,, 

1H11rl\J ll'U fltli1Jl'lftlltl.:Jlflftfl1'j""1"~1 ti .:JHn'ti1lilm1f11u1W fl1fl111J11ft~1fltl1J1H1~ftll'U1U tl 

Aullu~jjfi1fl111111Ai1rltlu1H1~An'U111n~qA iiunl'd'tlAulluq911~ 29 fl111111Ai11ugv~tlvn:: 
-2.58 1d'tlA1Jllu~jjfi1fl111J11Ai1rltl1J1H1~An'UU'tlv~qA iiun1d'tlAUlluq911~ 31 Uft:: 36 fl111J 

11Ai11u gv,tlvn:: -2.11 
., .: ... " • ,: ... M .:1... ., , 

1.1.2 fl111JU"-:am .:J"tl.:J11Jtlft1JU1Jfltl1J1H1 11Jtlft1JIJ1J\'11Jfl111JU".:JU'S {lfltl1J&H1 
I I JI JI t I JI JI I 

1uav111nfiqA iiurl1utlAui1uq911fi 33 fl1111u~-:im.:i1uav 0.40 nn.1911 .•11 1iltlAui1ufijjfl1111 

d ' d " .d ,~ I ,l - M .d d .c:l 
U,_,{IUHfltl'UlH11Ul!V1JtlV\'l'fA '1Ufll'Utlft1JlJ1J\19l'S\'I 29 fl111JU,_,.:JUH1Ul!V 0.00 flfl./911 .OJ1J 

.1 1' A"' ,l ... ,,:: ' 
1.1.3 fl111Jff11J1'Sfl 11Jfl1"1"1Jlt1'11Vlfl1tl.:Jtlft L1Jtlft1JU1J\'l.:J 36 \19'1ff11JHff'll 

tr11111n~u1iJi1mfl~tl.:ioA 1sA1tlan ii 



' 29 fl111J11'U1U'U'U 0.58 fl/t'11.J.IJS1J. 

~ .l .. M .l .. M ... ~, J!CI ~ .. ~ ' 
1.2.5 ri'Utl..il'Utlfl\Ju'U l\Jtlfl\Ju\J1J·a fl'nlflt1..in1Jfltlril'rlltltl'U 

2. fl11Na918J'r1Ul.Wuu1u lflt11f1~1Uflft1.Jl~'W1AQA1.J1UtJA1thuNi11J 

Nam111fln::li' m1 Na A oi"u l -Wu u1u 1""1f1~1uflnm~u1'AQA1.J 1 u q911 ri1uNU1J 
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0 ""' ... ., ..; .: ~ 0 , "" "' ..;,Jla'J. ~ ~ fl1Hrnuumn,t1Atl\J'rl 2 umum1u1Nftfl11'rlflt'ltl..i Ufltl'W'rl 111an1fl'rl tn11fl11fffl'l!ll'Utl\lt'1 

.,... " ... fl ... , t I W Cl "' 

i'f1J1.J9l\'ll..ifl1t1fllYC1Utl..il\Jtlfl\JilUtlJ'rl\J -Wuu'l\J\'l..ifltl'ULN1Ut'1::11t'l-iLN1 1J1Lmtl'UL\101.Jfl1.Jfl11 

'r1Afttl1.J ft1J~'rll..ifl10fllYCIUtl..iOJ '1U, -Wu 'U 1'\J ARM c2 l flOlii tl1.Jltlt1..in1.JfJW U1J,mfll..ifl1tlfllYC 

~l\Jfl111JU~..i ll1 ..i11 a..ilNl fl111J11 'U lU1.i'UUt'l::ff '..im·::1.J1\J fl11'rlflfttl1.J 1 f1i f\11 Ut'l::Lfl~ tl..i)jtl 
L,;'UL~01fl\Jfl1.Jfl11'rlflft01.JUfi..iflflt'IO..i 1'WAO'U~ 1 

- .,. , •. I ' .,. d .., 
Nt'lfl11\19lft01.Jft1J1.JA'rll..ifllOfllYCIUtl..itlJ'rl\J -nU\J1\J ARM C2 YC1.J11 1Jfl111JUIU..iUH11ft..i . . 

- . .. 4!! 4 
LNllUfttl 3.23 flfl./911.IJS1J. fl111J11'UlU\J\JlUfttl 0.84 fl.lft1.J. IJS1J. 1J·a'U11fl11J 

-=I .cl QIA I l - ~ .cl.. QIA 

'lflfl 11 L 'rltl1.J lflO..ifJW ft1J 1.JA'rlHflltlfl 1YCYC1.J11l'U Ofl'U u\J'11JfJW U1J1.JA'rl HfllOfllYC 

"" ,1' I .l ... M ..; ... d .... ..; 
l111Jl::ft1J'rl'tfl '1Ufll'Utlfl\JuUq9ln'I 10 1Jfl111JUIU..iUH11?HlNllUfttl 3.45 flfl./91'.Lllf1J. fl111J 

' "" ~ I ~.., 0 I .l ... M ..; i-•" .I 11\JlU\J\JlUt'IO 0.87 fl./ft1.J. OJS1J. rilflltltl\J ~1ttlUlqfl1ft1\JNU1JIUtl..ilUOA\Ju'WqA1'1 10 ul\l'Wlu 

'"' "' ...... , •. I 1! .,4 .., , ... 1 ,.Jl ... ,,.1 I "" , • .I 
Nft9lfltUarltlJ'rl'U TIU\J1\Jtt1t.llfl1tl..itl91 lfl1tlftfl flt.I 'IJU1JtJYf1J'n fnf:: lJA1ft1\JHft1JtlJJIU TI 

~u1ui~~ 11a..ifl1um1LN1u11J111nh 1u1f ..i1u ii 
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" " \l1flNftlll6'3fll'.i1lm 1::l1'~62Jftlll6'3fll'.i1iv 1 Ufli' '3U f1iv l~li1m'.i6fitlnvNauu'366fl 
" lflu 2 ~6UA-3~6 ltlil 

. " " 
916uii 1 fll'.iffflll1ff1Jmm'3mvm't't1116'3lil6Auiluo2..,u l'ti uu1u 1Rv1 fl~1uflamrlu 

1'91QA'U1uq~'.iff1UNff1Jti6UlN1Uft::'Ha'3lN1~0n1fJii 1,300 6'3ff1l11Jfftl0itiff 'U'.i'.iV1fllff66flcilRtYU 

"""' J,..M,.. ,A.I' tJW ff1J'U~'n1'3flltlfl1't'tlll6'3lU 6RU11U 6JYIU Tifl6UlN1 

l " " " fl111J'HA~1ti6UlN1 1U6AUilu'ti''3 36 \l~'.iff1UNff1Jjjfi1fl111J'HA~1ti6UlN11rlua'U fl6iu 

YIAft6'310Afll'.i 111v1v~1 ri '3Nali111f fl 1'.i ti1u 1wfi1fl111J'H A~1ti6u1N11rlu amd' 6AU Uu~jjfi1f1111J 
QI I !It d ,jl I .l ... M d QI d jl .l ... " 

'HA911fl6UlN1l1JUft'UlJ1fl'YltyA '1Ufll\.16AU11U\1~'.i'YI 29 fl111J11A~11UftV'rnVa:: -2.58 1\.16AUilu 

..;. I QI I !It ,, d ,jl I .l ... M d QI d 
Yl1Jfl1fl111J'HA911fl6UlN1l1JUft'UU6VYltyA '1Ufll\.16A\.11JU\191'.i'YI 31 ua:: 36 fl111J'HA9111Ufttl 

' " 
!6va:: -2.11 n-1111~iivh11fiuY1Aft6'3lnAm'.i111t11v~1 11a'3\l1flU166fl\l1mmu-ftlJ-n't1A@iv 

QI ... I ... .! ;,. d,,J! !It I , ,l ... M ... ,A.I 4 4 QI 

ffUUllJ1U11V1\llflA\l1fl lll&a6VVI '1Jl1JUff1UNfflJ Ul\.16AU11U6JYIU TIU\.11\.1 CIJ'31Jftfl\IW:: 

I ~ , .I tlQ Qljl QI QI O 

fl6U'\11'311V1'U u111w::111u1 lflAfl1'.i11R911'11VU'.i'36R 11ft'3\l1flU166fl\l1flU'U'U't'tlJ't't6R\l'31flAfl1'.i 
JI " JI JI 1 JI tJ I 

flalt1~1ri '3NftTI11 ,f ;fu-31\.1 jjm'.i lllt11t1~1ua::jj111u 1A 1 my111u n'3U 1 Avn1ltlul111il6~uilu fijj 

QI ... ... "* "* 1.1! : !It , l l ,.. ~ ,.. QI , .a "* 
1~QA'U'ISUA1Jfl111J111UV1Uft:: 'JJU111JUff1UNftlJ Ul\.16AU11U\l::lflAfl1'.i11A911fl6UlN1 l\.16'3\11fl1J 

JI • ,, ti 

u 1ii1 flu ff1111~TI11,flil6AU ilu11; 6Na91tlW cvi'1nRfl1'.i 'HA ~1 ft6Aflll6'3fl'Uti1mh11116'3 mR1 fflJ-n' 

O d I I "" QI ~,,, I !fl ,.: ... QI d' .A, .l 
111111111,(2547 : 141) Y1fla1111 fl1'.i6'UNa~nwcri 'HU'H'311JUfll'.i au166ml1flNa~nwcri CIJ-3 u1u6 

"" QI t1d.l ti d , I 4 : d !fl ,/ I "" .. : d QI tdQ 
Nft"flWcrlYllllUl lff'.i\l 'HlJ'l\l::lJU1Vll1JU6'3fltl'.i::fl6'U6~ 4 'ISUAfl6 1. U1YIQflt)ACIJf'll6g'YIN11116'3 

QI Q : d !fl O , t/ ... QI ,/ QI ;,. t/ : 4 QI '1 I I 

6'4fl1fllll6'31~QA'U 2. U1Yll1JUff1111~Yl1 'HNft91tlWcrl'HA~111J66'UU'H'3 3. U111Jf'3Qfl111'36g U'IS6'311'3 

, ... QI ... : .A ti ., l J! .. QI ... ;,. : QI ltl jl 0 

UNft"tlWcrl 4. U111Jf'3 '.i::fl6'U6g U fl'.i'3ff11'31116'3Nftfl191QA'U 11J6U1fJfllll\lA66fl UTI1\l::Yl1 

t/QQI tft/ 4 QI""" d ,,: ... fl I I d 
111 Nft~tlW cr!U11'3Uft::1Jfl1'i11 A9111flA'UU fl111JU'll'3U '.i '3'll6'31U 6AU ilu fl6\.11N1 fl1fl111JU'll'3U'.i '3 

,, ,, ,, ' 
ti6UlN1'll6'3lU6AUiluoJ'rlU lwuu1u'ti''3 36 \l9l'.iff1UHff2J 1Avmfivul11iifi1fl112JU~'3UHU'6v 
i .! .. I d l ... M I .I I QI QI ... ..;. ., I jl , 

'rl'3Ul\.16'3\l1flfl1fl111JU'll'3U'.i '3'll6'3lU6RU11Ufl6UlH1'UU6gfl'U1"QA'UYl1Jflg UtJ91'.iff1UHff2J'11 U 

\1~'.i ri1u Hff1Jjj1~QA'U'ISU A~jjfl111Jl'HUt116glJ1fl~\l::li1 l ,f \1"'.iri1u HfflJl d'6Auilu Jujjfl112J 

u ~'3U 'i '31J1flA'3 ~16V1'3l d' 6AUUu ~jjfl112JU ~'3U '.i '3ti6UlH1lU ~VlJ1fl~tyA l~uti1d' o~uilu \191'.i~ 
d d , I 4jl J! Qod , d' 

33 fl111JU'll'3UH1Ufttl 0.40 flfl./~'.i .CIJ1J U\1"'.iff1UHfflJ1Jlt.l1Uflft'U16Vft:: 57 6::tllJ1UtllJ06fl CIJA 

J! ... 0 "" ..:. ... 1 , "" .! ;,. J! .. rnva:: 28 AUA1ty'.i11!1l)'.i16Va:: 15 l't't1J1~2Jmu n U9!1tiva:: 10 ua::'ll&a6t11ova:: 20 mt> 
,, ,, ' I A 

ff\l1'.iW1~ff1UHff2Jlll6'31U6AUiluq~'.in 33 't't'U11iiri1uHfflJTijjfl112Jl11UV111Jf-3l~uti~utli1 
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r/ ti 1" I QldJ! d I aJl,)11 d 
t'f'n'l!l{)1Un:auw 'rl 'WA l'W\1A1fl'1'WNfl'1Jl'l1Jfl'WtH1tltm:: 25 •.:ifl'.:iNt'h11 11fl1fl111JU-ll{IU1{1'UtH 

,, ,, . 
Lilo~ui1urlouLN1ij111n A'.:ithmi11-uo.:i fl't1Afla'o.:iti11 mty•u:: ut\'1n1LilA(2530 : 65) finrl1111 
.iCll .d.te1 4 4 .cl 4 I 4 d 4 I Cit. , I I .ct 

tl'W'rl1Jfl111Jn::LtltlA1J1fl un::1Jfl111JL11'Wtl1Atltl1J1Jfl111JU'U{IU1{1Afl11A'W11tl1\JUn:: 1Jfltlt1L11'Wtl1 

QI I I Q .ct • 0 .I .I .6 , JI JI J! .ct d .ct I Q I 

A1tlt1HL1f'W A'WL11'Wtl1L1Jtl'W11J1'U'WlIJUn::N.:i 11LL11.:imn •::1Jfl111JU'U{IUHAfl11A'W'U11 UR ,, ,, . 
1u'rl1.:iA1 .:itiu .W111ll11 u \1R1 ri1u Nf1'11<uo.:i1 il oAu i1uijri1u Nfl'11-uo.:i1'AqA11fiij fl1111111 il t11ogl1 ov 

d , " .l ... M ... d I " ... ... I .l ... M ...;... d 
fl•::'ti1 11L'WtlA'UIJ'U1Jfl111JU'U{IU'J{lfltl'WlN1'WtltlA11J1J1 A{IA1tltlHl'WtlA'U11'WiJA'i'rl1Jfl111JU'U{IU'I{I 

rlou1N11ugvi!ot1~qA i~url1if 0AuduqA1~ 29 fl1111u~.:im.:imgt1 o.oo flfl./A'i .cr11. luqA'I 

ri1uNu11ij1ll1unn11f ovn:: 57 t1::QjjLilt111oon lcrft'f ovn:: 36 ~u~1qn-wn1f ovn:: 1 L~1JLA1J 

l 'I r/J! ,! • J! • Q I I .ct I 

mu 'rl i'WA1t1t1n:: 10 un::-umot11ot1n:: 20 L1Jt:il1•1'IW1~1JA'ifl'1'WNfl'1lvt\J111Jfl'1'WNfl'1J'Utl.:i 

1'Rq~11~nfl1111111ilv1~.:i 1~url~u~1q11'l!l{)lUn::mu 1'rl1 u~ U1JA'iff1UNfl'11n11tiu f ovn:: 17 

, .I .11! • "' .l ... M : I .I .11! .. 
fl111Jfl'11J1'i0 'Wfl1'i'U'W111fl1t1Lfl1tl{ltltl l'WtlA'W11'U'rl{I 36 1JA'ifl'1'WNfl'1Jfl'11J1'iO'U'W1IJfl1tlLfl'Itl{I 

oA is~nonn 1~ n1on1n 1u\1R'Iri1uNu11ij1'AqA11lunq11~ijfl1111milv1ou 1~url ~u~1t'f'n'l!l{)1 
1 , r/.6 ... I I -2 , ".l ... M ... ... .I .11! • ... , ... ,1! 

mu 'rl 'U~O)f{j1Jfl'1'W111tlll1 11L'WtJA'UIJ'U1Jfl111JL11'Wtl1fl'11J1'iO'U'WlIJtt1tlLfl'It){lt)A liJA'itlnfl " 

A'uhnrl11-uo.:i mA1 -n11.W-u11.U1,(2547 : 13) ~nrl1111 Aumilt11'ti1mfi11fl1111u111110 lum'i 

.l .1 .: ... J 1 ,, ... .1 .! .l .11! • .., 1 ... 1~ .., ..,; ""1 "' 'U'WlIJ'UtJ{ll'UtJA'UIJ'U 11A'U'W 'Wt>fl•1fl'Wfl1'J'U'W11Jfl1t1Lfl'Jt){lt)A liJAltlnfl "JJUHtlAfl 300 fl nm11 

I ... !It ... d ..... I I 0 , " .l ... M .I .1,1! 
~tlA1'n{llOJf'W Rl1J~'J LlJ'WU'HtlA'rl 1J .:i•.:i1Jfl'1'W111tl'r11 11 L'W OA'W IJ'U fl'11J1'IO'U'W l 11 fl ,, ,, 

fJWfl'JJU~'r11.:imt1fl1'rt'Ut1.:iLutl~'WiJ'W6!'rl'W1yjm;'.:iLN1 

fl111111Ai1'Utl{IL'd't1A'Wdu11n.:iLN1 ,;ftlA'Udu~ijfl111J~Ai111n.:iLN1LUgtl1J1fl~t'{A l~url 
.: ... J ..,; .., ..,; J! ..,; o 1_9} .: ... J ..,; ... ... 

. L'WtlA'U11'WiJ~l'rl 31 fl111J11AR1LUnt11tlt1n:: 6.96 fl'1L11~'rl'rl1 't1L'UtlA'U11'WiJR'i'rl 3 l 1Jfl111J11AR1 

d "' d • , I .l ... M d ., I 

LU nt111n.:i&N11J1fl'rlt'f AL'W o.:i•1fl u "JAlfl'1'WNfl'1J'Ut:l{ll'U OA'W IJ'W iJAl'rl 31 og um111-uo.:iqR1 . ,, ,, ' 

ri1uNu11fiij;iLll1unn11ogluiJ~111wi!ovluqA1ri1uNfl'11tio!ovn:: 57 ;i1ll1unnmi'Ju1'RqA11fiij 

.I ""'"" J! .ct I , I .ct I I a! , JI .l Q M .ct QI 

fl'1111'i::fltllJ'Ut){IOJfnmq.:i U11Jt1g111fl 'W\lA'ifl'1'WNfl'1J•:mfl'1'1..1111tlT11 11l'WtlA'l..IIJ'l..lilfl111111A"1 

i!ot1A111111fl't1Afla'o.:iti11fi1nrl11-ut:i.:i1n11n i'n1i'1.:iff,(2531 : 25) ~11rl11111Aq~v~1'tliliamq.:iij 
I Q I r/ A 0 ,. I .l Q M all ,.t' .l ... M d ~ 1 J! 

tl~11n1tl1f'l..IA L1f'W fl1tlAOJf &1Jtl'W1 11Nfl'1JL'WtlA'U11'U •::Y11 l1l'W6A'W11'UU'U{IUH LlJ'U flHf1'1 H 

" "' ... ... "' r/ .l ... M ...;... "' ... ..I " d ,1! I .l ... ,, 
1Jtl{lfl'Ufl1111AA1'Utl{!NnAtlWCfl l'WtlA'UIJ'U't'IJJfl111J11AA111n.:i&N1&Untl'Wtltl'nt'fA tULflL'Wtltl'Wi1'W 

\lAl~ 29 fl111111Ai1mgvft:ivn:: 2.57 u1m~~li1llf1d'o~uduqA1~ 29 ijfl111111Ai111n.:i1N1 

JI d • , I '°'.I'°' Q .ct , r/ d 4 J! 
'W tltl'rl t'f Al '1..1on1fl u \(Al fl'1'W Nfl'1J1JIJ'i 1J1W 'Ut){I o:: ~1JL u till t)t)fl OJSA 1J1fl'nt'{AO{IH)tln:: 36 

... ... , r/~ "' ... , I "' , •• I ..... I , I .. 0 , ".l ... M ... 
tl~1Jl'Wtl1J6tlfl OJSAllJ'W1AflAlJ 'WfllJ111~fl'n'W Til:IJtl1Jtlg1J1fl 'W\(A'ifl'1'WNfl'1J•.:i'n1 l1l'WtlA'U11'U1J 

.,..,; I ,,,.: ... J ... "'" J! QIO I 

, A t'f tl A 1'rl 1l {I u n:: fl' {I Nn 'ti 1 111utlAu11U 1J fl 111J 11AA1'W 6tlA1111J 1 no A fl TI t) {I fl\Jfllfln 11'U 6 {I 

ll1iA1 ~.:im111U',(2541: 79) ~nrl1111 6~jju11f11..11'RqA11~ijfl1111'rlulyjq.:i ij1A11no11n::n1t1~ 
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4 d A .:. M ., A *' " .c14 d QI c: 
2,050 tHft'WJfftlCJSflff fl111JU\1'3UH\16'31U6A\Ju1.J'trn'31Ffl l\J6A\JU\J't11Jfl111JU\1'3UH'trn'31Nll~UW 

1Jlfl~tyA i~unn'f 6A1.JllU\l9l'i~ 34 fl111JU~'3UH1Ugfl 5.28 flfl./9'1'5 .CJS1J id'6AUllu~ijfl111J 
d QI ..; ,, ..; ,1' I .l ... M ..; d ..; 

U\1'3UH11ft'31N11Uftfl1.J6fl't'ltyA "1Ufl11.J6A\Ju1.J\l9l':i't1 29 fl111JU\1'3UH1Uftfl 0.25 flfl./9'1':i.CJS1J. 

d .l ... M • ,, .I IQI ~ QI I I I ... ..;~ QI • 

fl 111JU \1'3U 'j '3 \16'311.J 6A\J 1J u \'I::: 1J lfl11'j61.J 6 fl\11.J 6gfl111J \) \) fl11ftlfl6flHU9'16flH11 u '3't1rllflqffl6 

fl1l1Jtyni1\16'31d'6Audu lAv'lln~u«11d'6Audu~ijih1..1NtY1J\16'31'9lqA11ntj1J~1nu19lql11..1 i1'6g 

" " " q '3\l:::vh l ..f 1uoAutlu1fiAfl111Jl1U i1'ua::: iiityni1ri '3Navh l lf fl111Ju~'3m '31!6t1A'3i16Vl'3lU6AU 
,, ' ,, ,, 

tluq9l'ifi 29 ijtf11..1NtY1J\16'36:::Qii1ilt11J66n i CJS~6d\l '3t'3'rl1l..f1u6Autlu1fiflfl111Jl1U i1'iiityni1 

~ .l.,. Ql<dlo .. ,,.l ... M.,. d "d r .l ... M d .,., 
llJ\Jl\J6lfW1fl\J\'1'3't11 &11l\J6A\Jut.11Jfl111Jll\1'3UH\J6tJ't'lqA ff1t.ll\J6At.lut.tqRHI 34 1Jff1t.IHCOJ 

QQ , "" I .l ... ti d <dlo,,,.l ... 1/4 QI I 

\16'36:::Q1Jl\Jfl1J66fl CJSA\J6flfl11l\J6A\JUU\t9l':i't1 29 um 11l\J6A\JU\J1Jfl111Jtyfl9'111Jlflfl11fl111J 

U~'3UHi'31Jlflfl11 ff6Afl""6'301lfllfln11\16'3 61~111u ff11'3Nft, (2543 : 175) ~nrl1111 6Qii1..11 

!'it QI 0 , ,,... Q ,A .. ,1'111 ... I J! I ... ,a.I l ... M l 
l1J\J9'11't11 11A\J1Jfl111J't11.J TI "1 L1.JfJW11fJ1J'1f1'3fl'J1'3fl111i1~61.J61 fl111J't11.J 11\16'3l\J6f\\J1J\J 11..16 

II JI ' JI II 
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34 9ll1JthA11 1'9lqA11..f '3tY6'3'JfiiA1nu1'9lqA11 lu mj1J19lQYIU i 1'1d6ij6g1Jln l u \t9l':iff11..1NtY1Jf '3'rl1 

l ..f 1d' 6AuUu tY11Jl':itl't'lu i 1'~fJw 11 tJii 1,300 6'3ft'11CJSn1;viYi~ tY6Afl-«6'3ti'11ti1nrl11"6'3 i n1Ja 

i'n1!i°1'3ff,(2531 : 31) ~nrl1111 6~iiu11nutY1-sY1ufl111Jf 6u lf1Jln lufJ9ltY111n':i-s1J1'9lqY1u iyj 

ua:::t'l''3tY6Afl""6'3fimhm=h1,.6'3 hti9'1':i g'3m111u,(2541 : 79) ~nrl1111 6~iiu11nu1'9lqA11~ij 
fl111J't'lu i1'q '3 ijfl111JY1u ~6m-s nAn;6u\16'3tY1':i1flij un:::~nu11Jl l .fl um':i Na9'11'9lq't'lu i 1' 1111 

.... .. !'it ~ I l ... M l ... M ..;.,. I ..; 

11ft61J 111l't'ltJ'IJ llJ'IJ '1 'IJ fl 111J 11 'IJ lU 'IJ \J \16'31\J6A\J u\J l'IJ 6A 'IJ u'IJ 't'l1Jfl 111J11\JlU\J'IJ1J lfl't'I tyfl 

i~un1d'6AUlluq9l'l~ 33 fl111J11'1J1UU'IJ 0.96 fl/ft11.11]11J. 1d'6Audu~ijfl111J11\JlUU'IJ1!6t1~tyA 
" " . ,~UOlU6A\JU'U\tR':ifi 29 fl111J11'1J1UU'IJ 0.58 fl/ft11.CJS1J. tllfl111J11'1J1UU\J 1num-s1AJJ1ftfl6 

11it'311u1v'l1;1Jl9\'i ~'319'1QUfl111J11\JlUU\UJlfl'\J 1J1ftfl611U1flli;1J19\':i~~'31Jlfl'\J firl116nil'v 

11d'3 fl61'9lq~ufl11JJ111..11uuuq'3 (1'Jiu 111gn) \l:::i'.i'll~1J19l'l116vn111'9lqfl111J11u1uuu~1 (1'Jiu 
,, ' ' ,, ,, . 

Ul) iiuJJ1n1Yi1tiu c1fil41MtJffl'il'4fl':i1Jlffl, 2554) tY1111~ii1il6R\JUU\tA':iii 29 Utllfl111J 
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M "" ... ' ... 0 0 ' ' .. ' -f 1-" . . A IJ'U\l'11'YI 29 1Jfl11Jlfll1Jtl'U11Jlfll'U1Wfllfl111J'H'Ulll'U'U t~a'~Nlh1l 11fllfl111J'H'UlU'UWUtl~l'Utl 
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M ... ,_.. ..1.1 .., .. ... 2 .. ... 1 ., ... . 
IJ'UtlJ''Yl'U nU'U1U'Y11111fl{)flltJ'HtHfl111N1lflflt1fla'1ltl~ l\llUfll'llJ tlt~1Jl'UtJ1Jtltlfl OJffl fl'Ufl1 

., 1 , ., ..,. .., ... .., . • , 12 l ... M ..... ~ • ~ 
tynl:t{)l' ua:: n.Ju 'YI Ufl •~1'1Qfl1Jfl~ffn11111t:iN1um11N1 t:: ¥1l'Ut:iflU11U'Yl1J111V11 'Hl'tln1111 

... 1 ... .t .. 1 , .... -~ • -• 0 11-"~"'-• .., , • "' fl'j1J fltJlUTt1tfl'U"1tf11'W{)l'Ufltl1J'U 'YI 'U'10Jf~1JTI~l,tl1J'U'Yl1 &l1TI'Yl1Jl'lfl{)'HMLN1 1J11111Jlfl'Ufl 

a'tlflfllltJ~fiuti1flrl1111fl~ a-11iffli y11a11wv,(2549 : 44) ~flrl1111 ~u.i1lftvi1ci1tlud'1t:: 

tl1::flt:i1J1tl~1va~1ifltlu11mv")ov1~ LYU l'Hgflflflfl i.ft' 1'Yl1V11ilv111fltltlfl lOJft' lrttl1N1ud'1ih 11' 

81iitiflv1111ua::v~a-t1flflllfl~fiuti1flri1111tl~ mfl1 -n11.tf,,11,j1,c 2s41 : 13) ~flri1111 1uutlna 

_,.., ..,..,:. .I • d , _,, ..,. , , o' ... !It "'.! 11 ti l 
lflfttJ1Jfl1Ja'~a'fl11'Jfl ltJf'U l'Hflflfltlfl OJl'fl 'Yll'Yll'UtJ1J flflflfl OJl'fl OJf~llJ'Ufl1ll1 &'Hfl111J11111ltHl'Ufl 

Na'1fl'wcwi'1itv1tl lflv1uTt1::li1ih.R111w i'Yl1'Yllifo11iflflt:ifl i.ft' 111fl 

'1ou~ 2flnNafl6!'YIUlwuu1u1flv1f1li1umm1flu1''1q~ulu~fl1ri1uNa-11 
II "" .., "'i2-1 ~ - A ... M ... •1flNftfl11'Ylflflfl~ &'U'1fl'U'YI 1 'Hfl~•lfl'YI trn1fll'Jftfl'WlfJWa'1J1Jfl'Yl1~flltJfl1Tt1lfl~l'Uflfl'UIJ'UflJ''Yl'U 

" iwuu1uli~rlflu1N1un::11a~1N1qw11t.1u 1,300 fl~ff11•a1•va- unv1mrrflofloi1fliu 111 

1mt11Jltltl1Jfl1Jflll''Ylfltffl'UfJWft1IU~'Yll~fl1tlfl1Tt'Ufl~il1'Yluiwuu1u ARM C2 ~t1'HU1tl'1111 

"'fl~'1fl1fli1, '111 fltJl ntJ'Ultl tJ~fl'UfJ W U1J1M'Yl1~fl 1tJfl1Tt~1'Ufl111JU ~~ ll l' ~'H a~LNl f\111111U111 U U 

~... II~"" ........ .., .., ' , 
ua::11 ·~fl'Jt1J1'Uflll''Ylflfff)'U &'111ifll'l'Ufttlfl'Jf)~1JOL'V'UlfltJ1fl'Ufl1Jflll''YlflU01JU'Yl~'Ylflflt)~ u 

..I - ... ,_.. ' ... d 
'1fl'U'YI 1 Nflfll'J'YlflUfl'UU1J1J'1'YIHflltJfl1Tt,,fl~OJ'YIU nU'U1U ARM C2 Tt1J111Jfl1111U,,~UH 

A ... • 1""" ... .., 2 .., • • .., "' • ..t LUflflU LTttl 'l11Jfl1111111uv1 un::t1~Utl9llfl116~fl'Ufl1flfl11'Utl~ 01fl1RIU u11um,(2543 : 78 ) 'YI 

' ' ... l , .. ~ ... ..t ... 2 , •. I ~ ... ..1... ... ~ I ... 
flft1111 fl'Ul'U'U fl U'1 llJ'Ufl'U'Yllflfl,1flltlltJl,,1 n llJ'Ufl'U'Yl1Jfl111Jl11'UtJ11J1fl lll'U 3 l'Yl1,,fl~fl'U 
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"" ~ 1tl ... 0 1 " .., .r ... J : .. .: .r ... J d "" 
l'tf'l.H.11\'11 \HJ1J'IJ11Jl 'lfFH'f1Jfl1J11Jt:lft'IJIJ'IJUfl::'IJ11flflt:l1J 1Jt:lfl\llfl'IJ11J6ft'IJIJ'IJtJAl\'I 10 1J 

' 11 ' ""' 1! 4 11 ~ .., .. ,: ... d 
a'11J Ha'1J4\l 6.:.!UllU mmogq .:.lfl.:.ll or.m:: 65 CJf .:.11'1.11Uflt11J1lJ'IJ1a'~1 'tf t16\'l.:.I \) lflfll'S 1H16!1Jt:lty\'I 

a'11111nH 11t\'~1v 1 u ~6.:.i~u ua:: ii'.:.iiiff11tJ1::no1J4\lt:1.:.1Ciam~.:.11~u 1AQfl1J 1 u fltl1J1'1U l-Wff11111 n 

'1l1J.J11~u1'AQfi1Jlum1HaAil!1'l'IJ l-Wuu1u 1t\'~ a'tlflfl~tJ.:.1n1Jfi1nrl114\l6.:.1 1Jtyi'nlf mq 

\l'IJ111W'lfrJ,(2552 : 1) ~flft1111 1ll1ufla1Jffl1Jl'Sf1Ul1Jl, f1 Uf2Aa'l'tffll11Jfll'SHaAil!1'l'IJ,.,, 

(Refractory Bricks) 1rn::61\'luf1111Jf 61.Jq .:.i iiff1JU~1~1JU u 1unu fl111J! 61.J ~~ ua::ii,fl 

'tf t161Jl'tfa1q .:.i 61\'lu ,.,,uu1uHn.:.1fl1uml1Hla'l1Jl'SflUl ltll f .:.11u lt\' 

1. '61a'utJuu::lum-sil1Ham11ivltJlf 

o "".., ,_ 111! o • .ii d ,11.., _ t 1 ti 
1.1 flll'IJ1Hflfll'S1\lfJ 1J '1Jfldl\'llfll'S't'lflt16.:.lfl61J1't16't'l\lt '1'S1JIJlt fJ'lfUq.:Jtffl 

. l ... J .., .. l _.... l "~ .., 
1.2 fll'SHa'1Ja'11JHa'1J4\16.:.111J6ft'IJIJ'IJ\llfl1AQfl1J 'IJIJ'S1Jltu1Jlflfl'l'SHa'1J 'tfl,,lfl'IJ 

ritJuil1 ltJ~u1tl 
II I I ti 

1.3 m-s 1H1iu.:.11uniifl111JH u11Jlfl'lfl11li1m11H1od1.:.if1ci 1Tf 6olltJ.:.1nu iu .:.11u 

UAflf 111fffJ'tflfJ 
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13 Hftfl1'ifl1\J1tUtl1fl111J~\J1UU\J,,tHlU6~\JU\J 

O
I 

I 
.I 

. 
' 

.. 
fl18fJ1~YI 

UYl~Ylf'l1UWff'IYI 1 
. 

. 
. 

... 
u111un 

tfiu
1

fl1
 

• 
u111un 

fl11JJ11U
1U

U
U

 

m
f ~(ni'u.) 

( l'l1J.CIJl1J.) 
(O

Jl'IU
.'lflJ.) 

-
... 

ll11~(01JJ.) 

1 
51.88 

62.07 
0.84 

51.81 

2 
53.15 

64.30 
0.83 

52.16 

3 
52.03 

63.09 
0.82 

53.46 

4 
54.62 

64.16 
0.85 

52.56 

5 
53.99 

60.82 
0.89 

52.22 

6 
52.36 

61.72 
0.85 

53.65 

7 
55.19 

59.38 
0.93 

57.43 

8 
53.53 

59.19 
0.90 

54.63 

9 
52.92 

60.97 
0.87 

51.2 

10 
49.03 

56.62 
0.87 

51.18 

11 
51.79 

58.19 
0.89 

51.32 

12 
51.62 

60.72 
0.85 

52.1 

13 
50.78 

59.86 
0.85 

52.8 

14 
50.06 

57.72 
0.87 

49.58 

15 
50.9 

56.78 
0.90 

50.8 

' 
..; 

UYl~Ylt\l18~1f'IYI 2 
. 

tfiu
1

fl1
 

I 

u111un 
fl111J11U

1U
U

U
 

(l'IU
.'lflJ.) 

(O
./l'IU

.'lflJ.) 
m

f ~(ni'u.) 

62.89 
0.82 

52.67 

64.87 
0.80 

52.81 

64.69 
0.83 

54.12 

65.48 
0.80 

55.13 

60.09 
0.87 

53.08 

63.41 
0.85 

53.13 

63.61 
0.90 

54.81 

63.21 
0.86 

53.54 

59.38 
0.86 

51.2 

59.38 
0.86 

50.85 

59.08 
0.87 

53.54 

63.52 
0.82 

53.46 

61.91 
0.85 

54.58 

58.14 
0.85 

50.89 

57.63 
0.88 

48.76 

I 
..; 

UYl~Ylf'll'l8~1f'IYI 3 

' 
m

u
1

fl1
 

fl11JJ11U
 1LlU

U
 

(l'IU
.'lflJ.) 

(0./l'IU
.'lflJ.) 

65.82 
0.80 

63.87 
0.83 

65.55 
0.83 

66.45 
0.83 

62.76 
0.85 

63.11 
0.84 

62.43 
0.88 

60.97 
0.88 

58.64 
0.87 

58.64 
0.87 

61.37 
0.87 

62.36 
0.86 

62.61 
0.87 

56.71 
0.90 

57.23 
0.85 

. 
m

1
u

·tn
n

u
u

u
 

..; 
lU

l'lfJ 

(0./l'IU
.'lfJJ.) 

0.82 

0.82 

0.83 

0.83 

0.87 

0.85 

0.90 

0.88 

0.87 

0.87 

0.88 

0.84 

0.86 

0.87 

0.88 
..... 
"' (j) 
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1lfl~flflfl6~1fl'YI 1 

: 
... 

u;m
fl, 

I 
. 

'U
ll1'U

fl 
fl111Jl1'U

 lU
'U

'U
 

u111un 

ll~~(fli'11.) 
(atl.G

J111.) 
(fl ./a'IJ. G)f1J.) 

u~~<ni'11.) 

16 
53.04 

62.77 
0.84 

53.17 

17 
50.28 

60.7 
0.83 

52.38 

18 
49.05 

58 
0.85 

50.73 

19 
52.79 

62.97 
0.84 

50.48 

20 
50.5 

57.18 
0.88 

50.26 

21 
48.96 

56.99 
0.86 

49.03 

22 
53.01 

64.55 
0.82 

54.19 

23 
50.69 

63.39 
0.80 

51.88 

24 
50.29 

61.99 
0.81 

50.81 

25 
45.45 

53.57 
0.85 

41.11 

26 
43.72 

54.02 
0.81 

46.68 

27 
49.75 

61.44 
0.81 

52.47 

28 
44.48 

54.06 
0.82 

49.1 

29 
56.78 

74.88 
0.76 

55.02 

30 
52.26 

59.05 
0.89 

53.69 

I 
..I 

1lfl~'YIAfl6~'fA'YI 2 

u;m
fl, 

I 
: 

... 
fl111Jl1'U

 lll 'U
'U

 
'U

ll1'U
fl 

(a'l.I. GJSJ.J.) 
(fl./fl'l.I. GJ11J.) 

ll~~(fli'11.) 

63.12 
0.84 

53.84 

62.61 
0.84 

51.64 

60.25 
0.84 

48.35 

61.42 
0.82 

49.96 

59.08 
0.85 

48.72 

59.03 
0.83 

50.69 

66.75 
0.81 

53.16 

63.18 
0.82 

51.01 

61.78 
0.82 

53.32 

49.53 
0.83 

44.23 

56.62 
0.82 

45.12 

64.74 
0.81 

53.62 

60.18 
0.82 

48.49 

111.7 
0.49 

53.26 

64.07 
0.84 

52.9 

' 
I 

4 

llfl~flflf!O~'fAYI 3 

I 

m
m

fll 
fl111Jl1'U

lU
'U

'U
 

(a'l.l.G
JSJ.J.) 

(fl.la'l.l.G
JSJ.J.) 

61.75 
0.87 

61.25 
0.84 

58.48 
0.83 

60.35 
0.83 

55.98 
0.87 

61.73 
0.82 

66.09 
0.80 

63.39 
0.80 

62.49 
0.85 

52.15 
0.85 

54.33 
0.83 

65.58 
0.82 

58.73 
0.83 

109.7 
0.49 

61.26 
0.86 

I 

fl111Jl1'U
lll'U

'U
 

..I 
1uav 

(fl./a'l.l.G
JSJ.J.) 

0.85 

0.84 

0.84 

0.83 

0.87 

0.84 

0.81 

0.81 

0.83 

0.84 

0.82 

0.81 

0.82 

0.58 

0.86 
--" 
I\.) 
--.I 
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J\1tltll~fl 
umflflatl~'fflVI 1 
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. 

. 
0 

... 

m
m

"' 
il1'H

un 
'U

llt'U
fl 

fl1111'H
'U

lll'U
U

 

u..f ~(ni'11.) 
(?11.J.'1111.) 

(fl./?11.J. '1111.) 
,, 

... 
Ll'H~(fllll.) 

31 
53.32 

55.96 
0.95 

53.63 

32 
56.96 

62.5 
0.91 

60.05 

33 
60.4 

62.09 
0.97 

60.01 

34 
55.88 

59.46 
0.94 

53.6 

35 
54.4 

58 
0.94 

55.26 

36 
51.39 

56.53 
0.91 

51.43 

• 
..I 

llfl~flfl?ltl~'fflVI 2 

1.11111Jtl 
• 

: 
... 

fl1111'H
U

1U
'U

'U
 

'U
l'H

U
fl 

(?11.J.'1111.) 
(fl./?11.J.'1111.) 

u..f ~(ni'11.) 

57.16 
0.94 

53.07 

65.88 
0.91 

57.95 

62.1 
0.97 

59.66 

56.57 
0.95 

54.44 

58.44 
0.95 

52.1 

55.75 
0.92 

52.02 

. 
. 

.. 
llfl~flfl?ltl~'ffl'VI 3 

. 
1.11111"' 

fl1111'H
'U

11L'U
'U

 

(?11.J.'1111.) 
(fl./?11.J.'1111.) 

57.51 
0.92 

63.69 
0.91 

62.78 
0.95 

59.63 
0.91 

56.02 
0.93 

55.06 
0.94 

fl1111'H
'U

lU
U

U
 

..I 
nrnv 

(fl./?11.J. '1111.) 

0.94 

0.91 

0.96 

0.93 

0.94 

0.93 

~
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fll'W~ 31 Ufr~Hlfl1~'UA1~1Uflfl'U~1Vl1"'fl'UA 

• ,, ' • 'JI ... ... ... ..., ,, !'ft I ... .. ... , •• I 
fll'W'YI 32 UtYA~'UlflfJV'YI 'Jf11J\.lt'r1\JNfr2J'Ufl~1\.lfJA\JflJ'Yl'U TI 
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"" QI I 

tll'VtYI 33 UffA-3fll'.i'lf-3ff1'WNff1J 
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d. QI 40/0 

fl1ft'YI 35 Ufl'~Hflll'Nfl'1J1~Q~1Jfl1J\.11 
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fll'Vfl'I 51 Uff~Hfl1'Hfli'IVff1\JNff1J \JU'U'U'n1Jl1 1flW'U 
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.cl ~ ~ " 
tll'YfYI 55 Ufffl~fl1'nlfl'tf'l..l~l'l..IOOfl~lflU1.J1.J'Yt1l'Yt 

. ,, ,, 
4 Q I 41!1 
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