
• ... 

~~_tO)~JJfi?t!Y 

*~a~ii, {tt~••:fJ'7 .Aifi*ft~;:M l.h ~~:{tt"'~=IE~~~>J<;5n~~mlll 

/IJ Y r~a•~&«5~Hl:i-t.Q©~:ffli.,,.Qi;:~~tct{tt"'~•IE~«#-t.Q-at~m:* 

:fJ'7 .Aifif:l~;:m!"t Qo 

:WIUi~ 

m:1f:, ~.ll~~ftiti~©~~«Jmx, ff filJR~{>311J•~tct ~©im~•~ii, 

7.Y ?1 Jvfl:J, {~{j-O)~~~J!fl:J©ftfi!RJ~~ .Qo ~*' i::n ~ i:Jfii.,' i?> h.Q 7° •J :/ 

r ~a~~i0)11fi~*f t LL l;i, :tJ7 .Ati*itflfflt_,\ ~ h L ~ ~' i':O)tmO)!ftj~a<J~;: 

~.ifi;5n '"(t,,\.Q:fJ'7 .Aifi*it Ll:J;tE :fJ'? .Atfl~ ~ti "(t,,\.Qo 

-I.Ht~:, ti? .A ~;:3'.t7JitCmi~7/itT t, ii? .A J;t~7Jitt~H;:t-f L-l: .:r:;f-Jv:¥-l!?k 

ll>t«fi"'~t L"Ll!?kl&"t .Qo l!?k$i;5n.Q~mm~.::c.;if'-Jv=¥-li:fJ'7 .A©PX;~&V' 

-~~;: ~ ~ ~*·~~it:*&U~-IE~~;:J:tWtJL-, ?1G:.t~~;5h-'!>o 

W=kfv 2 xc.tanO' 

~ ~ ~;:, w'i~mt~~.::c..:f.Jv=¥-, k l;t~fSc, f l;:tJJ.I~, v 2 l;tmfl'l{tJ{Jll, 

c. 'i~m*, tan 6' l;t~mIE~~~To 

i::OJA:&~~••&v~mIE~tfl*~"'~' *t.:mi•~tJS~"'~, am:m~tfl 

7'~<fct.Qi":C:tflh~.Qo . 

Eti?.AOJ~~, ~~~~~~m•~tMHz~OJam•7fl6. 7,~tIE~ 

tp 1 2 x 1 0 - 4~ ab? L' E :fJ'7 A~ ffl "'it 7° IJ y r llia~~&l;:t, ~@ll£11:i{>fil 

{j-0) ~ ~~f:f 11:i 0) ~ >JH;: JiC;\ ;t .Q ~;: l;:t 1'+?t ~ab .Q o ~OJ it _flJ, E 'f17 .A ~ ~ ftt t,,' 

~t•, ~-IE~~~-:>:tJ? .Atfl~*tL'Llt'-'!>tfl, -tOJ 1 -:>OJ:fJ'7.At Ll:, D 

'f17.AC:ll¥Jin'Llt'-'5:7J7.Atfl00~;5h'Llt'-'!>o Dti?.AJ;:t-W!Jt Ll:, Si 0 

2 7 3 %, A 1 2 0 s 1 . 0 %, B 2 0 a 2 ·2 %, C a 0 0 . 6 %, Mg 0 

0. 5 %, Li 2 0 0. 6 %, Na 2 0 1. 2 %, K 2 0 1. 1 %©*11.P1~~ 
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9 .Q :J.i 7 .A-C ~ ~, -W!J t, L- -C, ~ti~ ~It .Q_mf?Jlllk 1 M H z -COJ~il$~ 4. 

2, ~-lE~~l 0 x 1 o- 4 -C~.Qo 

L-:& t.,, D 7J7 .A Ji, ~Bf:E~;fi < JDreJ!l!{>m~~~ L-~l/\j.:&1_>, *fj*I~~~ 
1,.-,"'(, :J.i'7.A •• O)i#]I(~~<, ~jfilf:E, 1'F~fi~;filt'\tt,..'\-j~F.il,~~.Qo *j;:, 

D :J.i7 .AJiit7.f<tt~"iii-'t:~, / 1J / r- wal!~.&it:rOJWJm tOJjlJ•~tQz: L-{>9 

<, /'J ::.,- r-wail~t&t L-t.:tl~~~t-,Famif:E:OS~~nt.t.t-'r~m~~.Qo 

* i;:, ~00-¥ 7 - 1 0 5 9 8 ~~$1lli S i 0 2 5 0. 0 ........ 6 0. 0 %, A 1 

2 0 s 1 0 . 0 ........ 1 8 %, B 2 0 s 1 1 . 0 ........ 2 5 . 0 %, C a 0 0 ........ 1 0 . 

O %, Mg 0 0 ........ 1 0 . 0 %, Mg 0 + C a 0 1 . 0 ........ 1 5 • 0 %, Z n 0 

O ........ 1 0. 0 %, Sr 0 0 ........ 1 0. 0 %, ·Ba 0 1 ........ 1 0. 0 %OJ*1!$;~~ 

9 .Q :J.i7.A ~0071' L, L lt'\.Qo l-:& lh Z: OJjj7.AJi, ~--~~ < ~ QfiX;?]--C~ 
.QB a 01t &'~JJX;?t t L- -C It' .Qt:~' +?t~: fltlt '~11$ 1£:~ Q Z: t :OS~•-c ~? 
-c, {Jft-,~11$~~~.Qi;:~~:J;t, Ba OOJ~~1i:rtf~ Qf~9\ -t©tl~i:Ji, 

717 .A OJ*i!iJJt~~ < t.t. -::>-C, *1iffH'F~ti:IJS~ < t.t. Qt t.-'? r~M:OSat> .Qo * t: B a 

o Ji, 717.A~il!tPOJtP*-#~M9 Q~~:IJS::k~t-,t.:6.1), ~il!~OJ~fi;t:ffii.Rt-' t t-' 

? rmm-t~Qo 

~ llA OJ 0071' 

*~aAJi, ..t~a•m~adj.-c t.t.~ nt.: -t OJ-cat> JJ, ~•*-, ~·lE~:fflfttt-' t 
i,.,? ~ti~~ L-, ~-:::>~§ifi, f'F~M:i:Qln, L-:&<e itl.f<M:i: -tilnt: 717 .A :a: 
!BH!t9.QZ:t1£:§~(: l,,"'(t,..'\Qo 

*~aJHt~Ji, ..teaEI~~iiJJX;9¢t:~~:, tt/.?~W~m:Gt.:t:a*, t.i7.A• 

•OJ*11.0X:~:i1lt'-C, ~i:Si02~60%.l-~""f, Ti021i:O. 5 ........ 5%tl--C, 

:ti7.AOJ~~ti1i:li! < L-t.t.:ffl 1'.:h Li 2 0, Na 2 0, K 2 OOJ~~t1i: 0. 5 %~""f 

t -r-?> z: t~: J: JJ, f!t~m•, fl£~mlE~OJ:ti7.A••:ffl~~~n-?> z: t~~m L­

*~a] 1t~fiX;9 ¢ i:~-::> t:o 

BP~, *~a]OJf!t~11$7i7.AritlfUi, !1!:1:%-C, Si 02 5 Q ........ 6 0%, A 

1 2 0 s 1 0 ........ 2 0 %, B 2 0 s 2 0 ........ 3 0 %, C a 0 0 - 5 %, Mg 0 0 

........ 4 %, L i 2 0 + N a 2 0 + K 2 0 0 ........ 0 . 5 %, T i 0 2 0 . 5 ........ 5 %OJf!f. 
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. ' 

~~~9Qi::t~~t!Ct t.,, ~:ti'7.A-~J;t, -f?!Jt Gt:, ~m_i:.t:HtQmf~lk 

1 MHz C:OJ~C*1fi4. 5 J..:J:r, ~~.IE~tfi 1 ox 1 o- 4J.~J:rC:~Qo 

*~BJjO)jj7 .A-~J;t, tff* l,, < J;t, :1!11:%1=, Si 0 2 5 0- 6 0 %, A 1 

2 0 s 1 4 - 1 8 %, B 2 0 s 2 4 - 2 8 %, C a 0 0 - 2 • 5 %, Mg 0 

0 - 2. 5 %, L i 2 0 0 - 0. 1 5 %, Na 2 0 0- 0. 1 5 % K 2 0 0 

-o. 1 5 %, Ti 02 1-4 %OJ*.H~~~9Qo 

*~aJ]i:st. 'L", :ti'7 .All.5JG~J:aaOJ ts t> mt~ L-t.:llmJ;tJ..:;. rOJii !J c:d!:> Qo 

Si 02l;tAl20s, B20.stt'8~, :ti'7.AOJ1t~~~.5JGTQ~?tC:d!:>QtJ$, 

S i O 27fi 5 O %*?1C:J;tifiNJ.J<M:tfif!fr9 Qt t '8 i:, ~•-*tfi*~ < i;J. !J ~~ Qo 

6 0 % ~Mix Q t' *fiJJttfi~ < i;J. !J ~ ~ L' *O*~' ti1-a-i: ~ ? L l;ttalM1t tfim 
Htt.J.Qo~-:>l."Si02~50-60%~m~~h,tff*G<~50-56%C: 

iY.:> Q 0 

Al 20al;t 1 0 %*frdfiC:J;t, ?J-*Ej~~t,~(, "'tO)f.:&'JifiNJ.J<M:1JS~< '/;J.Qo 2 

0 %~m;tQ(:~1§7i'IJJ£1JSJ:.~L-Ni*M:1JS~< i;J.Qo ~-:>'LA l 20al;t 1 0-2 

0%~~~~~~*L<~14-18%C:~Qo 

B 2 0 sl;ti!l!1l!J t G l."00.ffl t..,, WiJJt~fJtr~-lt, ~i!l!~~~i: T Q~?J-C:® Q :IJS, 

20%*~C:~,~~~·1JS*8(t.J.!J~~Qo 30%~Mi;lQ(:ifiNJ.J<f:t~~( 

t.J. !J ~ ~ Q o ~-:> t: B 2 0 a l;i 2 0 - 3 0 % ';: ~.ll~~ ti, tff !t t., < l;t 2 4 - 2 8 % 

-z: iY.:> Q 0 

Ca 0, Mg OJ;t, t '8 ';:ifiNJ.J<f:E~~J:~-\tQ,5JG?)-C:&>QtJ$, Ca 01J$ 5 %, 

Mg07fi4%~m;tQ(:~·~~m:IE~7fi*~<"J;J.!J~~QO)"Z:Ca0~0-

5 %, Mg 0 J;:t 0 -4 %~;:mfii!~n, trf* t., <Ii Ca 0 0 - 2. 5 %, Mg 0 

0-2. 5 %C:&>Qo 

L i 2 0, N a 2 0, K 2 0 Ii... t ~ ';: iltjf!J t t., l." {51!.ffl 9 Q ~' i:: ti ~ O)ft~t:IJS 0 

. 5%~m.::tQt~tIEM:IJS~(i;J.!J~~, *:l::il1J<tt-t~<t.J.Qo ~-=>'LL i 

2 0 + N a 2 0 + K 2 0 J;t 0 - 0 . 5 % i;: mfil! ~ti, tff * G < J;t L i 2 0 0 - 0 . 

15%, NazO 0-0. 15%, K20 0-0. 15%C:~Qo 

Ti02~Mtt~fJtr~~~CIEM~r~QO)~~~C:~QtJ$, 0. 5%*~ 

C:Ji*1i*~' JlJiU!J!, *~M!l1~~1:~-ltt:~i!l!tttfi~ (t.J.-:>t.: !J, *t.::, ~CIE~ 
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tJSiifi < ~Qo ~~;: 5 %~m.:l ?> l:?l'*H~~ l;~ <, 1ti~~iiiff~tt"IJS~ < ~.Qo ~ 

"?L, TiOziiO. 5-5%~1D~~tl,, tlr*G<li, 1-4%<:~.Qo 

*~ajji;::(:ltt'"'L lj:J:~o.5X;?}l-~9f.~;:'8 717 A~tt~Hi~t>~lt,~JlU:, Zr 0 2' 

As20a; Sb203' ZnO, SrO, Fe20a, Cr203' P205, Fa, Cl 

2, so a~©.r£?}~ 3 % * C:~*-i"T .Q z: l: tflii.J~--e ~ .Qo 

*~aJj~~1Jifif91H;:a-:> ~* L < ~PJ3T Qo • 1 ~Z:7J\Tii7 A*fLUJtii, *~fJJ30) 

~*~1~a-:><oe©--e~~,•2~7J\Tii7Am~~'~*~1©m~~~c: 

~ .Q ~ >.f<J]{ 2 i:iit-:> < '8 © C: ~ .Q o • 1 & tJ1l. 2 ~;: 7J\T1§-~*!-© :tJ 7 ;< *II~i;: ~ 

.o ~? ';:ftftL-t:'" ~7-~, s~Jv'YiJHz:.Anm~wJfl--e 1 5 o o- 1 5 5 o 0c 
c: B ~rd!OJ~{lf:""e, tl~~:IJait.~tfl ;MmLt:o ?Xi: z:©MiMlti7 ;< ~:JJ-iff/ 

~~~~Lllit..,, :tJ77<7Jv~r~W~Gt:o~©ti77<7Jv~r~ti7;<•~ 

~-~~m.A•l300-1400°CC:M~L,~*Lt:l:~~, Dti77<~M 

*Lt:t~~~~.Q~~©~A©-~oeA~tL~ ~~ft~<M*--e~t:o 

-titi7 ;< iJ v ~ r ~~~i;:Mm, f;t-~ t..,~~ 4 5 mm, N~ 2 mm©iilifmiJ16 

$liJf~Gt.::~*4~fF~t..,, m11~~-t t..,-C7v:YY3 >- .:i:.Jv:Y-7-Jv ;1.-9 

-(HEWLETT PACKARDtt~)~~fflL-r,•~~:S~.Q~-~1 

MH zC:©~m$:SJ:.V~mi.E~~?lU~Lt:o *t:, ifiN7.ki1:l: G"L, :t177<Mlli 

:i:BPi?*1i*""efij<;tt,t:ti7 A•*i~liJtJJIJ.f<m.i:pc: 7 O?}~il t..,t:.©ti7 ;<~?} 

©m:ll~1>$.~IU~Lt.::o ~~5i~lcli, 717 ;<iJ v -Y 1'-~~~i;:Mfi.t ~~L 

1 4 mm x 8 mm x 5 mmi;:liJf.!f! t..,, ~-~~-- (~~IIIttlU ~~m t.., -r, 

•fnl- 5 o o °C'"e©~D~5i~lc~i!J~ t..,, 1 O O °CC:OJ~JW~f*lk~7J\ t.., t;:o 

~h;©~~M-~1l.1&V1l.2~7J\To 
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~ 1 

.l:t~WlJ ~ jj(g WlJ 

•11ffl< m:1t%> D;lf'7A 1 2 3 4 5 6 7 8 

s i 02 73.0 54.7 52.7 52.8 51.7 54.7 53.7 52.7 50.8 

A 1203 1.0 14.0 14.0 13.0 13.0 12.0 11.0 14.0 15.0 

B203 22.0 26.0 26.0 27.0 26.0 28.0 27.0 26.0 26.0 

Cao 0.6 1.0 1.0 2.0 4.0 4.0 3.0 2.0 4.0 

MgO 0.5 3.0 3.0 2.0 2.0 3.0 2.0 2.0 2.0 

L izO 0.6 0.15 0.15 0.00 0.15 0.10 0.10 0.15 0.10 

Na20 1.2 0.15 0.15 0.10 0.15 0.10 0.10 0.15 0.10 

K20 1.1 0.00 0.00 0.10 0.10 0.10 0.10 0.00 0.00 

LizO+Na20+K20 2.9 0.30 0.30 0.20 0.40 0.30 0.30 0.30 0.20 

Ti Oz 0 1.0 3.0 3.0 3.0 1.0 3.0 3.0 2.0 

~-· 4.20 4.20 4.31 4.22 4.40 4.34 4.23 4.36 4.38 

~-IE~Xl04 10.0 8.4 7.4 4.7 5.2 8.9 6.0 7.0 5.2 

fli.fl103j)iOj7A'' 1405 1359 1316 1329 1306 1341 1348 1325 1281 

0) ?B.JJt ( oc ) 

;It 7 A ml:ftfi: 1.62 0.48 0.50 0.58 0.50 0.30 0.80 0.48 o.4o 
(%) 

~U:~JH~f& 32.0 32.4 33.7 33.2 32~3 34.7 34.2 32.2 33.6 

x 10 7(/°C) 
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1:t~f911 ~ 1Jiti {91j 

*li~(m:A%) D1f'1A 9 10 11 12 13 14 

s i 02 73.0 52.9 52.9 54.3 54.3 52.9 54.3 
Al 20s 1.0 15.0 15.0 15.1 1.5.1 15.1 15.1 
B20s 22.0 25.2 25.2 25.9 25.9 25.2 25.9 
Cao 0.6 1. 7 2.5 1.0 2.5 1.0 2.5 
MgO 0.5 1. 7 1.0 2.5 1.0 2.5 1.0 
Li 20 0.6 0.10 0.12 0.10 0.08 0.08 0.12 
Na20 1.2 0.10 0.10 0.10 0.10 0.10 0.10 
K20 1.1 0.10 0.08 0.10 0.02 0.12 0.08 

Li20+Na20+K20 2.9 0.30 0.30 0.30 0.30 0.30 0.30 
Ti 02 0 3.0 3.0 1.0 1.0 1.0 1.0 

~ii* 4.20 4.46 4.50 4.36 4.39 4.46 4.42 

~-iE~Xl04 10.0 6.1 5.9 6.1 5.5 6.0 5.8 

*1!i J3r 10 3 i!\0 Y:r· 1405 1320 1324 1348 1355 1316 1356 
O)ilffi.Jlr 

1r'1Ai~llilt 1.62 0.16 0.34 0.23 0.42 0.06 0.48 
(%) 

. 
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[Kia*] 

• 1 .t:> J:: v• 2 t: 7.J\ T J:: ? ,;::, ~tmi.wiJ © # 7 .A •MHt~C* 4 . 8 J..~ ""f, ~­

iE~:!J$ 1 O x 1 O - 4 J..~ ""f-r= ~? -c, Jil-1*9<.H:: Ji, ~m:llt&J;t 4 • 2 ~; 4 • 8, ~ 

'iliE~ifl 5 x 1 0 - 4~; 9 x 1 0 - 4 J;J. ""f-r=~ ~, D ti? .At i~i£11lJ~©flf~g-, 

{t.t~mlE~ ~;ff '"t .Q o 

*1.:,•l&Va2~7.J\Tt.t:>~, D#7.A-r=~7.i7.AMWAifll. 62%-r= 

~.Q©,:}'1 t.,, ~hl!i.wiJ©7i7 .A•MHt, t'9h.:f> 1 %1-~""f~~ ~, iflffll<ti,::fln 

~~~~~©#7.A·-~'~*©§•t~Q~-µ(*7X):!J$logµ= 

3. 0 0) t ~0)71ii1..J;t, '-''9ht> D 7J7 .A J:: ~ {lft.-'O)~, lilllJnifl~~ {..,~ < < ~ 

imii':fln -Ct' Qo 

*1.:, ~~giJOJ#7.A•~i;t, {;!J.;:{Ji, a1'::7.J\"tt.t:>D, ~.W~f*lc'.ifl30 

x 1o-7/°C-35x1 o- 7/°C~~D, E7J'7.AOJ55x1 o- 7/°CJ::t>flf<, 

D 7J 7 .A OJ 3 2 x 1 0 - 7 t 1~ 1£11lJ~ ©flf ~.W.JHlf:t ~ 7.J\ {.., -C t' .Q o 

~, :t$:~BJH:i>t'-C ii, Mg O©:mS:%~, 2. 6 %J..~""f t T .Q;: t ~' ~­
lE~ifl 7 x 1 o- 4 J..~1q:-t .Q;: tifl"QJ~~;: t ifl:b~Qo 

*~B~©#7 .Aiiktfi, {lf~t•, «t~tiE~:a:;ff G-C .t:> D, 7° 1J / 1' Weil@~ 

t&ffl 0) 7J' 7 .A •kif t t., -C, ~ i: ~@Jlt@l~ffl 7° 1J / 1' W~tj~& ':iHtffl t t., -C fl 

h -c t' .Q o ;t 1.: ~tgtt t itl.k f:t& Uflf~.W~f:t ': '6ifh1.: ~ii :a: if1f T .Q t~ liJ, ~ 

':~@Jlt@llmffl/ iJ / 1' ~-~t&©~{tffl t G-C, 6fiJ;t©~~ Gt~7J7 .Af\i*l~ 

~~{..,'"(~~~~ Qo 

*it, :t$:~B~©7J7.A&IME~6~Q~fl©~M, f91Jxii, *I~, 1'*6:1Ji, ~~, 

f-3'Y7°r.A1'7/ r, n-t:/~, 7J7.AJ'\r'J~-, '?'>' 1--~t:, &V~n; 

0)--:> t1§.flOJ7°7 .A 7- 'Y !7 .A }:::0)$~!JW~6~Q*i:~tt~ (f9tj;lJi, y- }-- .'.£­

-Jv71 /if::i/;'\r'J/ r, HJv?.'.£--Jv71 /~::i/;'\r'J/ r, /1J /v~) 

i;t, 1t.t~c_., 1lf~•IE~ t "'? ~f:t ~m~ G-c, g,1 .-z itimf~~~mOJmimmsM 
~ t: i: ~tlOJWD~~{tffl ~ t l..t -c ffl i.-' Q ;: t ti ilJ~~ ~ .Q o 
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; . 
. ...... 

1111\lll llllll lllll lll\I ti 1111 
* C L M S * 

1. mil%~, S i02 5 0-6 0%, Al20a 10-2 0%, B20a 2 0 

-.. 3 0 %, C a 0 0 ....... 5 %, Mg 0 0 - 4 %, L i 2 0 + N a 2 0 + K 2 O O 

....... 0. 5 %, Ti 0 2 0. 5 ....... 5 %(J)ti7 :A~HJJX;~if:JT .Q;:. t ~~-t T .Q-0£~ 

m•ti? :A•*fEo 
2. m•%~, Si02 50-60%, Al20a 14-18%, B20a 24 

-.. 2 8 %, C a 0 0 ....... 2 . 5 %, Mg 0 0 ....... 2 . 5 %, L i 2 0 0 ....... 0 . 1 

5 %, N a 2 0 0 ....... 0 . 1 5 %, K 2 0 0 ....... 0 . 1 5 %, T i 0 2 1 ....... 4 %0) 

#7 :A*HJ3X~if=i9 .Q, ~>J<O)fBIHJm 1 JJJ:~;:&atiO)~am-*717 :A*1iMto 

3. Zr02, As20a, Sb20a, ZnO, SrO, Fe20a, Cr203' P2 

Os, F2' C 12, SOa~~~J;fn.Q1>i:t< ti> 1~~~t;~;:-a-:ff9.Q, ~>J<O) 

•imm 1 JJH:~i3tJG(l)-0£~11*ti7 :A•rEo 
4. ~fmli:stt.QmJ~f& 1 MH z--eO)ai!i-*iJS4. 2-4. 8, atlE~:IJS 5 x 

1 o - 4
- 9 x 1 o - 4 --e&> .Q~>.f<O)fr!lmm 1 JJH:~atiO)ftf~C-*717 :A•*lo 

5. 7 'J::,; t- DcNJi!£t/iffl(J)7J7 :Ail!*ftt t/'tffl~' ~n.Q, ~>J<(l)iflBIH:Jm 1 !l~~a 

tJGO)~a'C.$717 :A•*lo 
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