
617.695 
~779f1 

..... ..., 
'i1 !J.:J1'U eJ~ n1'i'J'CiI!J 

.d 
L'i'fl~ 

n1~~~ bfil~1~~~1~~'flfsnb~1J b crJ~~thf 

b ~'fl115jf' 1J-:J11J~1J(Pln~~3J 



_ cv 

'VI 'U "J ~ tI 
q 

(Synthesis of feldspathic porcelain for dental restoration) 

9 L)J'W1!1'U 2544 



1). Compound Clay Co. Ltd. 

2). MRO-ECC Co. Ltd . 

3). Ferro Co. Ltd . 

4). Cerdec (Thailand) Co. Ltd. 

"lI!l"ll!lUl'ln61~~~~(;]!l hH~~~~'l~1~n11'lhm'vl~!l .. 11~(;]1,:j 1 ~ ~~mi!l ,:j nut~Nn11':i.rtJd 

1). I'lrufi~1'l~ ~(;J'lI::l'lulii 

2) . I'lrum~V11 ~"';f'l.J ru !ltJfitl1 

3). I'lrufi~1Ymru 0i1::'VlfYitJ!lU~~ 

4). I'lru1Yi1rr~tJ ~~[;l,:j~~.J 

5). ~rufi~1m 'l1 ~~1 b.y;mmpf , 

7). I'lru':i;n[;l U1::n1tJYi11ru 

8). ~rut~;;[;l ~MOi~(;J 1 , 

9). ~ruumJf'lf ~1:tt~1l1 , 



"" , 
tJVlflj;l!.l'f) 

~1\.!~4'£J~1~vhn11~m~nn11~~Lf'l11::;i~11~tlf'llL~\'!Lyj~ea.h~\'!Ltl~ t~mLU~n11Y1~~tl~tltlmu\.! 2 ~'l\'! ~'l\'! 

LL1n LU\'!n11~ m~n ~~lJ~"lJ tl~-r ~ ~ ~lJ\-l ~ n~H1 \'!n11~~ LfOl11::;i~11~tlf'll L~\'!Lyj~~1.J1 f"'lln LL m-i~ 11l1~ 1 ;~ 1~ LLri 

ttJLL~~Lyj~~1.J11 ~\.! f'l'ltlYl'D LL~::;m~ t~£J~tl~f'11.J1::;ntllJYI1~Lf'l~ Lyj~ LL~::;~~lJ~\-l~~Lc.J1 L'li\.! ~ n11 
~ 

\-l~tl~Ifl'l LL~::;n11"lJ £J1£JIfl'l L~tl1MlJ f'l'l1~ 1tl\.! ~'l\.!~~tl~ LU\'!n11~~ Lf'l11::;i~ 1 1~tlf'll L~\'!L yj~ ~1.J11L~£JU1-r~ tl , 
~lJ~ f'l~ Lfitl n"'ll nc.J~ n11Y1~~tl~"lJtl~~'l\'!LLm~ 1 H'l \'!n11~~ Lf'l n::;i t'l11~tl1'11 L~\'!Lyj~ ~1.J1 1tl n ~~ LfOl11::;\-l1\.! t~£J 

~ 

VM K95 ;~ LU\'!~ 11~tlf'll L~\'!Lyj~ ~1.J1 1"'l1 n 11l1~1.J 1::;LYlf'l~Htl ~'l \.!il"'l ~U\.! \.!tl n"'ll n~1~vh n 11Lm£JlJ L i1£JlJt'l~~ 

11l1~ 1 "lJtl~~11~~~Lf'l11::;\-l1wllJ"lJtl~ VMK95 L'lI\'! ~~1.J1::;~Yltn11"lJm£JIfl'l f'l'l1~YI\'!YI1\'!Yl1~Lf'lm"1£JH~1~~ 
~1£J1 LL~::;f'l'l1~YI\'!Yl1\'!l1ltln11L1.J~£J\'!LL1.J~~tJru\-lJJ~tlth~'TllJ~~\.! 

c.J~n11Y1~~tl~'l\'!~'l\.!"lJtl~-r~~~lJ~lJ~1 Nepheline Syenite LL~::; Lyj~~1.J11 KM85 ~m~lru"lJtl~t1.JLL~~ 

Lyj~~1.J11~~LL~::;~n11\-l~tl~Ifl'l~~ ~'l\.!m~~vi1n11Y1~~tllJ;~1~LLri FP606, FP660 LL~::; 502000 ;~Lu\.!m~~ 
~ 

~ru\-lf)~~1~n11\-l~tl~Ifl'l~'ln~\Fl£J~n\.!'l\.!'li'l~tlruWl~ 1150 - 1200 °c -r~tl~lJL\-lfi1~1~tlnf'l~Lfitln H~l\-lflJ 
~ ~ 'I 'U "I \I 

~~Lf'l11::;i~11~tlf'llL~\'!Lyj~~1.J11 

c.J~ n 11Y1 ~ ~ tl ~ 'l \.!n 11~~ Lf'ln::;it'l11~tl I'll L~\'!Lyj ~~1.J11L~£J~ Lyj ~"lJtl~~ 1'11vl~ Ln ~;\.! 'l \'!n11~~ Lf'ln::;iLu\.! 
~ ~ 

\-l~n ~lJ~1~'l\.!c.J~~~'l~Lyj~'lJtl~~1'11vlL\-lijtl\.!nlJ"lJtl~ VMK951~"'lln Nepheline Syenite 84%, f'l'ltlYl'll6%, ~\.! 

'lJ1'l1::;\.!tl~ 5% LL~::; FP606 5% t~£Jvi1n11Lc.J1tl~'l \'!'lI'l~ 1185-1210 °c LL~::;vi1 'l~Lij\'!Ifl'ltlrh~-n1 1 'l\.!'li'l~ 

tJru\-lJJ~i1 Lc.J1"'l\.!~~tJ ru\-lJJ~ 1 000 °c ritl\.!vi1 n11Lij\'!Ifl'ltlrh~ 1'l ~ L1'l"'l\.!~\.!tJ ru\-lJJ~'lJtl~n11L1.J~£J\'!Lyj ~ 

'lJtl~f'l'ltlYl'll LL~'l~~ 'l~Lij\'!Ifl'lmh~-n1 1 'l\.!'li'l~tJru\-lJJ~ 500-270 °c L~tlvi1 'l~~ 1'11vl~mf'lN~11~f')'lUm1.J~£J\.!11.J 
."1 'i' 0 v 'l 1;' .1' "".:-..l' ... ,", ...... 
LlJ\'!L~~1::;.n\.!tl~ ~1\-l1lJc.J~'lJtl~n11~::;~1£J \'!\'!11'l~~1£J1'lJtl~~11Y1I'i~Lf'l11::;\-l"lJ~f'l1\.!tl£Jn'l1 0.1 % L~tlLYI£JlJ 

nlJn11~::;~1£J"lJtl~ VM K95 ;~~LY1£J~ O. 006% ~1\-lflJf'l'l1~YI\'!Yl1\'!l1ltln11L1.J~£J\'!LL1.J~~tJru\-lJJm~£Jn11vi1 'l~ 
I '" I '" , " 

Lij\'!Ifl'ltlrh~ ilJ~ ~\'!"'l1 ntJ ru\-lJJ~ 200 °c ~~~ 1i1tJ ru\-lJJ~"lJtl~U1i1~U1 LL;j~ ~tl£Jtl~ ~lJ~1~1tl£J LL~ ni1~'l;\'!~ 1\'! 

~'l11.J~~'lJtl~t'l11~tl1'11 L~\'!~~~ Lf'l11::;\-l1\'!LL~::; VM K95 



Project Title 

Investigator 

Year 

Synthesis of feldspathic porcelain for dental restoration 

Sutin Kuharuangrong, PhD 

2000 

Abstract 

iii 

Currently, feldspathic porcelain for dental restoration has been imported and its demand has 

increased every year. I n this research, the dental porcelain was attempted to synthesize. Two parts of 

experiment were provided for this study. The first section concentrated on selecting the raw materials 

and their sources. The main materials such as potash feldspar, clay, quartz and frit were investigated 

on their chemical components, phase and firing properties, i.e. color, fusion and thermal expansion. 

The second part was to synthesize the feldspathic porcelain from the selected raw materials by 

changing the compositions and firing schedule to achieve Leucite phase as obtained from the 

commercial VMK95 dental porcelain . In addition, the coefficient of thermal expansion, the chemical 

solubility in vin egar and thermal shock resistance of synthesized porcelain and VMK95 were 

compared. 

The results showed that Nepheline Syenite, potash feldspar KM85, Ranong china clay, Frit 

FP606, FP660 and 502000 were used to synthesize the feldspathic porcelain. This selection was 

based on %KP, %total flux and its fusion . 

In this research, synthesized Leucite determined from XRD could be obtained from the 

composition of 84%Nepheline Syenite, 6%quartz, 5%Ranong china clay and 5%FP606. The optimum 

firing schedule was 1185-1210 °c and then slowly cooled to 1000 °c before quenched down to below 

the temperature of quartz inversion. To achieve the transformation of cubic to tetragonal Leucite, slow 

cooling was required from 500-270 °c. 

The solubility of synthesized feldspathic porcelain in 5% distilled vinegar was less than 0.1 % 

as compared to that of VMK95, only 0.006%. For the thermal shock resistance by quenching from 200 

°c to ice water, the microcracks appeared in both of synthesized feldspathic porcelain and VMK95. 
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lJ1:;~.nru 1100-1350 C 'lJklnlJfl-:lFllJ1:;nfllJYll-:1LFl~Yl~~klL,"fi~lJl1.~m'UYn:; KP, Nap, AIP3 LLfi:; Si02 

dJuiIi'u L~£JtJn~~~-:lLc.J1LL~';i'"l:;;:j~'lJl'l Fl;'~LtJ'"lU~-:lL~fifl-:ltiflu ~~~l-:1LtJ'"llnd L-nU L~fifl-:lL-tr~ LYll LLfi:;fl1'"l;:j 

'~~ltJUfl ~~n Ln~ '"l1 n ~-:I L~fltJU~;:jfl~ 'DU~ LLfi:;m~lru'lJfl-:l~-:I L~fltJU ~l~fu ~11Y'iflf.n LfiklL~fi~tJl f~HYll-:1 

~lUYlU(;lm1~Fl'l1LtluLtJLL(;l~L~fi~tJlf (Kp.AIP3.6Si02) L~£J;:jm~lru'lJfl-:l Kp ~lnn~l Nap LLfi:;Fl'l1;:j 

f'l'l1~lJ1~Ylt~~-:lY'ifl Fl'll~'lJl'l~-:lLtlkl~-:I~lP)fll Ufln'"llndfl1'"l ton' Nepheline Syenite LLYlklL~-:I'"l:;t~~ru~ll~ 
" \I.~ ~ " 

1umrofifl~ j;]'l~~ln~l L~fi~tJlfL~fl-:l'"lln;:jm~l ru'lJfl-:l flux ~~1 nn~l 

2. Fl'lflYl'll (Quartz) Ltlkl1'(;ltl;'lJ~t~ Si02 L~m11~,:(1~'li'l£JFl'llJFl~n1ro~j;]'lLLfi:;~1~11tl1m;-1 , , 

zUh-:lL;'~H L~£JtJn~m~lru'lJfl-:lf'l'lflYl'll~t-nU~lmflf.nLfiuL~fi~tJlf'"l:;;:j~~ln~-:ldLY'i11:; Si02 L~'"lln1'(;l~ 
~lJ'DU~~u~;:jtU~'lklc.J~~fl~LL~'l L'liklL~fi~tJlf LLfi:;~kI 
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Ltl£J~ LLfi:;'llU1L~£J~ LtlUiIi'U 1'1J1~;'lJ~n'DU~~~-:I~LtlkI~'lkl~1P)CkJtkln11c.J~(;l~11Y'itlf.nLfiUL~fi~tJ1f ~tl m(;l 

(Frit) 'li'l£JtUn11~fitl~j;]'l (tJ1:;~lru 950 °c ~ULtJ) ~-:ld\l L'IIYl1-:1 LtlkI~11tJ1:;nfllJ~~n'lJtl-:l~11Y'iflf.nLfiUL~fi~ 

ulf;:jtlru~JJmkln1~klLYlflf 1100 °c ~ULtJ Ufln'"llnm(;l'li'l£JtUn11~fifl~j;]'lLL~'l6-:1Yht~~lmflf.nLfiklL~fi~ 
UlrnUYl1uj;]tl~11LFlm~;i~n~'l£J 

.... _ .-ev 
16n1j'1'"1!.1 

"j,l1'(;l~;'lJ~l-:1 1 ~-:lLLM-:ltkl1J1111-:1~ 2.1 ~~tl~1flL~~1'"llnj;]'lLLYlkl~1~tl1£J1l1£JtUtJ1:;LYlf'\1'l~ltJ~-:I 

VMK95 (VITA, Germany) ~-:lLtlU~11Y'iflf.nLfiklL~fi~tJ1~t-nklf'lru:;YlU(;lLLY'iYlW'\1~(;lf ,'r11fi-:lmM.J~1"r3Yl£J1~£J 

~.nYh n11(;l1'l '"l ~ fllJ ~ ~lJ--;;~~ 1 L tlu t kln11t{-:I LFl 11 :;'vi'~ 11Y'itl f.n LfiUL ~ fi ~tJ 1f 

1. (;l1'l'"l~fllJfl-:ll'i'tJ1:;nfllJYl1-:1Lf'l;:j'lJfl-:l Nepheline Syenite (NS), Super KG, FP606, FP660 LLfi:; 

VMK95 ~'l£J X-ray Fluoresence (ARL9400, Switzerland) L~£Jn11(;l1'l'"l~tllJ'"l:;Yhn11Yl~~fllJ 3 

II I '" " 

f'l1-:1LL~'lmc.Jfi f'11 L'Ufi£J'lJfl-:lYl-:l 3 Fl1-:1 ~1~1lJn11(;l1'l'"l~fllJtl-:l l'i'tJ1:;nfllJYl1-:1 LFl;:j'lJtl-:l N S LLfi:; 

Super KG L~flLm£JlJLY1£JlJc.Jfi~L~nlJ Specification ~1~1lJ'"llnj;]'lLLYlkl~1~tl1£J ~'lum(;l FP606 

LLfi:; F P660 (;l1'l'"l~fllJ L ~tl H\tlU-trtl~fi tkln11~lU'l ru~ (;l m~~'lJtl-:l~11Y'itl f.n LfiUL~fi~tJ1~'"l :;'111 

n11t{-:lLm1:;~ikltkl~'lU~ 2 'lJfl-:l11£J-:l1k1'UUlJd ~1~fun11rJl1'l'"l~tllJ~'lklc.J~~'lJfl-:l VM K95 '111 

n11Yl~~fllJYJn'lJ'l~~~tl~lL~£Jn11Yl~~fllJ'~LL1nL~'I11n11LY1£JlJc.Jfi'"lln 2 LL"'-:I ~fl '"llnlJM 
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" ~m).J~.rrJu,f'l:;~~'W1 (nNLYlY'l'1) u,f'l:;t;nn1JM f'lfl).JY'l1'lt'1Lf'lf'ltJ ~1n~ '\.Ifi'l"l1mr'Wm1j;l1'l"l~fl1J , 

1~":h~1J1~ f'lfl).JYi1'lt'1Lf'lf'ltJ ~1n~ Lvh,!'W ~1'\.1f1J'rj;lm.h:;~'lf'1"~fl'lm1j;l1'l"l~fl1J~fl'l VM K95 , 

... 
m11'lYl 2.1 ~fl~f'lfl'l f'1"D1:;nfl1J Lf'l~ dJ'WLDflfL'lI'W~~fl'l L~f'l ~1...hf"l1n u, '\.Ifi'l ~1'l 1 Vi L~fln\l.1).J 1Yl ~ ~fl1J 

("l1n Suppliers ~fl'lu,~f'l:;u,'\.Ifi'l) 

Raw Material KM85 Nepheline Syenite Super-KG Super-Spar 

Source Australia North Cape MRD-ECC Co. Ltd Clay Min. Co. Ltd. 

Si02 69.7 55.6 67.8 67.54 

AIP3 19.2 23.9 17.3 17.52 

Fep3 0.13 0.10 0.14 0.13 

MgO 0.05 <0.1 0.04 0.08 

Nap 4.23 7.9 3.08 2.81 

Kp 10.1 8.8 9.8 10.8 

Ti02 
<0.01 0.01 0.1 

BaO 0.30 

srO 0.40 

CaO 0.09 1.4 

LOI 0.64 0.9 0.8 0.3 

2. j;l1'l"l~fl1JL~~~fl'lL~f'l~D1f KM85, NS, ~'W~1'l1:;'Wfl'l B85, quartz u,f'l:;mj;l FP660 ~'lrJ X-ray 

Diffractometer (Jeol, JDX3530) L~rJHn1fi'l1~ 30 kV, n1:;u,~1~ 30 mA, step angle 0.02 a 

u,f'l:; count time 1 ~'W1Vi 

3 . j;l1'l"l~fl1Jm1'\.1f'lfl).J(;]'l ~'\.Ifi'lL~1 u,f'l:;fin~ru.:;~D11n:J'\.Ifi'lL~1 L~rJ'r11m1Yl~~fl1J~!lru.'\.I1J~~1'l 1 

now LL~'l~f'l'l1).J~'l~fl'lLf'l'W~ij;lt1~1J~'r11m1j;l1'l"l~fl1Jt1n~'Wruf'li11f'l'l1D'\.Ifi'lL~1 u,f'l:;'r11mmJ1rJ1J 
\J \I "I \I " 



Component 

Si02 

AIP3 

Fep3 

MgO 

Nap 

Kp 

Ti02 

LOI 

Kaolinite 

Quartz 

Micaceous 

Gibbsite 

Particle size distribution 

Code FP606 

Description Transparent Leadless 

Firing Temperature, °c 1010-1040 

Firing Cycle, hrs 32-45 

Chemical Composition & Physical Properties 

Code FP606 

High Level (>10%) Si02, AI203 

Medium Level (2-10%) B203,Na20,K20,CaO,ZnO 

Low Level «2%) MgO 

Thermal expansion 210 x 10E-7 

(100-300
o
C) 

Softening point, °c 650 

Transformation pOint,OC 590 

Weight% 

46.60 

38.33 

0.60 

0.01 

0.03 

0.88 

0.02 

13.8 

87 

4 

5 

4 

<10 J.lm 56% 

<1 J.lm 8% 

FP660 

Transparent Leadless 

980-1020 

12-48 

FP660 

Si02, 8203 

AI203,BaO,CaO,Na20 

K20,ZnO 

170 x 10E-7 

630 

575 

"1r~"lICl'. ~Q'lJ-lI; "1111; In 
, ~""CI.1I7DIJJi,; ",nDi 

FP817 

Opaque Leadless 

960-1060 

24-30 

FP817 

Si02,8203 

AI203,Na20,CaO,Zr02 

K20,ZnO 

155 x 10E-7 

640 

580 
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Fltln11'V1 ~ jq '£I ~ Ujq::'£1 lit..! 'j1!J ~ jq 

~~'lItl'ltl'l")U1:;ntlUY11'lLI'1~'lItl'l NS LL~:; Super KG LLt'lIMt~j;J111'l~ 2.4 LL~:;"I1nj;J111'lLLt'lIMt""Li1~ 

~1 itl~~~L~fu"l1nj;]'lLLYI~~1\1t.hrJ~I'1'l1~LLj;Jnr;l1'lri~~.nn~tlLYirJu~~~1.~t'ltJn11j;J1'l"lt'ltlU~'lrJ XRF tt'lrJ 

L~'Yn:;m~1N'lItl'l flux ~'lL~LLri Nap LL~:; Kp ~'l"li'lrJr;ltln11\1~tl~j;]'l LL~:; Kp tT'lLtJ~tl'l")U1:;ntlU~11'iC1! 

'!Itl'l~L'IIrl (Leucite, Kp.AIP3.4Si0
2

) ~~t~t'l1rntlf.nL~~Lyj~t'lU1f "I1nitl~~~LMu"I1nj;]'lLLYI~~1wJ1mi1~ 

~~1~~1'l~'lItN Nap LLfI:; Kp ~m~ Nepheline Syenite (NS) LYhriu 16.7% LL~:;~m~ Super KG 12.9% 

LLt'lIM~1n11\1~tl~j;]'l'lltl 'l NS 1'1'l1"1:;~nrl1'l1tl'l Super KG LLfI:;tlhnN AIP3 'lItl'l NS ~~.nnnrl1"1:;"li'lrJl'1'lU~~ 
~ v ..l ~ _ ~t "... .,.j _ ~... ..l~ " _ r:: ' 

n11~\1~j;J'l'lltl'l NS YI\1~tl~ ~ \1~~1n ~tlLu1rJULYlrJU~~YI ~t'l"l1n XRF u1~1ru'lltl'l Nap + Kp 'lItl'l NS LY11 

ntJ 25.8% LL~:;'lItl'l Super KG Lyhriu 9.4% ~~~L~"I1n XRF ~~;:h~31~rl1 n11\1~tl~j;]'l'lltl'l NS t.l1"1:;~nrl1 

Super KG ~1n 1 L;jtl'l"l1m.J1~1ru'lltl'l flux ~~1nnrl1~1n~tlLYirJuriu~h~L~"I1nj;]'lLLYI~~1\1t.l1rJ ~'lt.l""'ln 

tltlnL'II~'lItl'l alkaline earth ~~ 1 L"li~ MgO, BaO, srO LLtI:; CaO 4't'ltl~t~""'ln flux L"li~L~mrit.l LLr;l Nap 

LLf\:: Kp LtJ~ flux ~~nrl1""'lntltlnL'II~'lItl'l alkaline earth ~1\1fu Nap "I:;LtJ~ flux ~l'i1t~\1t1tl~L~~~NWJij 
I ..J~ ... ..: ... _..J 0 " 

~1nrl1 Kp LLr;ll'i1t~ firing range 'lItl'l~~j;JJiN"'LLI'1U~'l "I1n~~YI ~t'l~ N S "I:;LtJ~'lj;J~t'lUYl~n~1~ 1 t'DLL~:; 

f;1111'l~ 2.4 LU1rJULYirJU Chemical Analysis 'lItl'l NS LL~:; Super KG LtJ~LUtlfL'II~~tltlnL'II~'lItl'lfi11Jl~'l 

L~"I1nn11j;J1'l"lt'ltlU~'lrJ XRF riu~L~fuitl~~"I1nj;]'lLLYI~~1\1t.l1rJ 
~ 

Results from XRF Suppliers 

Raw Material NS Super KG NS Super KG 

Si02 45.5 73.2 55.6 67.8 

AIP3 26.7 15.3 23.9 17.3 

Fep3 0.10 0.16 0.10 0.14 

MgO <0.1 0.01 <0.1 0.04 

Nap 14.9 5.10 7.9 3.08 

Kp 10.9 4.34 8.8 9.8 

Ti02 0.87 0.03 0.01 

BaO 0.30 

srO 0.40 

CaO 1.4 0.44 1.4 

LOI NR 1.0 0.9 0.8 

NR = No report 
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u:::L'r1l'1ih't'hnu 16.4% t~tJ~i:luhnru.'IJ~-.l Kp l.J1nn~1 ujflLmtJULVltJUfl-.l~U1::nflU"'fin'llfl-.l-r~~~UvT-.l 3 

'lIil"~U~1 FP606 1il::1nt~\~tJ-.lnU VMK95 t~tJ~i:lt!hnt1J'lJfl-.l Si0 2, AIP3' Nap LLfi:: Kp ~1nfi\~mnti 

FP606 ~-.l C1nLftflnUll.J1 1-ntin1:L~1mJL~~'Ilfl-.lfi 1'11'r1~-.l LUtiL~~",fin'llfl-.l VM K95 
~ ~ 

~fi'IJfl-.ln11~:'lIil~flUL~~'lJfl-.lL~fi~Ulf KM85, NS, ~ti'llI'l:::tifl-.l B85 LLfi:: quartz ~'ltJ XRD LL~~-.l1ti 

zU~ 2.1 - 2.4 Iilln~fi XRD pJ~ 2.1-2.2 ujflLVltJunu JCPDS YlU~ILUtiL~~'lJfl-.l Potassium Aluminum 

Silicate (KAISiP8) t~tJfl1IilLUtiL~~1~L~~"'~-.l~fl1U~ Nepheline, Microcl ine (intermediate), Potassium 

Aluminum Silicate Oxide LLfi:: Adularia flth-.lhnmlJYlUL~~~tiU:l n!Jfl~~'ltJLL~i:luh.J1ru.hJlJln ~1",fu~fi 

m:IfI:'lIil~flUL~~'lJfl -.l ~ti'IJ1'l:::tifl-.l B85 (ru~ 2.3) LUti Kaolinite (JCPDS 14-0164 '" 1~lilln1l1Fl~ti'ln ) t~tJ~ 
~ ~ 

~ quartz Utifl~L~n~flm~fl-.llillnU11n!J peak ~ 28 U1::lJlt1J 26.6 0 ;-.lLUti peak ~~-.l~~'Ilfl-.l quartz ~~~'ltJ 

LLfi::~fin1:~:'lIil~flUL~~'lJfl-.lFl'lfl'r1i (lU~ 2.4) L'litiL;)tJ'lnti~NnUL~~'lJfl-.l quartz (JCPDS 46-1045 ~1~lilln 

m~~ti'ln) t~tJ~i:lL~~~tiL~flUtiLYitJ-.lL~n~fltJvT-.l~L~fl-.llillnU:ln!J peak L~n 1 ~ti1wrl'l-.l 28 U:::lJlt1J 27 _36
0 

~fi'llfl-.ln11~:'lIil~flUL~~'lJfl-.l-r~C1~u"'finvT-.l 4 'IIil~MU1~~lvT-.l 4 'lIil~i:lL~~",finLUti'llfl-.l-r~C1~U'llil~ .. . 
J\.I1 LL~vT-.l"'lJ~Iil::i:l~-.l L~flUti~ti 1 Uti~~;-.l t~tJ~'l1U~tifl~nU LL mi-.l'IJfl-.l-rIJl~~U LLfi::m:lJ~fi1tin1:~~~ 

~1",fum~ FP660 Iil::LLM-.l~fi'IJfl-.l XRD LUtifin1;-ru.:: amorphous (ru~ 2.5) ;-.lLutifin1;-t1J::~'l1U'Ilfl-.l 
~ 

~1:1-.l~ 2.5 LmtJuLVltJu Chemical Analysis 'Ilfl-.l FP606, FP660 LLfi:: VMK95 

LUtiLUflfL'IItij;f~fln1'11~'lJfl-.lfil~;-.l1~lillnn111Jl1'lIil~flU~'ltJ XRF . 
Raw Material FP606 FP660 + 

VMK95* 

Si02 61 .2 76.3 62.0 
62.19 

AIP3 13.2 8.1 16.6 
16.47 

Fep3 0.16 0.12 0.11 
NR 

MgO 0.22 0.01 0.43 
NR 

Nap 4.10 6.80 6.10 
6.81 

Kp 4.31 2.12 10.30 
9.41 

Ti02 0.03 0.07 0.09 
0.12 

BaO 0.16 1.09 1.06 
0.83 

CaO 11.60 3.75 1.42 
1.62 

ZnO 4.70 1.09 0.02 
0.04 

zr02 0.01 0.07 1.07 
NR 

LOI 0.2 0.2 0.2 
0.46 

* e.l1l:jLf'l11::i"1nuN'YI f'ltll-J'n1'lr;lLf'llItJ ~1nr>l 

+ e.l1l:jLf'l11::i"1nu'hffi ~tJ1l-J:j"tJuII::n~'U1 (n~~L'YI'n"1 ) ~1nr>l 
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Firing Temperature %fusion 

t C) NS KM85 Super KG 

1150 16.2 3.57 8.3 

1200 22.8 12.8 18.5 

1250 39.7 16.7 22.8 

1280 76.4 28.9 30.6 

~~6..:jL~1 " ~1'J ~1'JLYlI LYI1L~),J 

6m;-ru~~1.hln!l 'lMfll£1LLrl'J l;jj;)m~l;jl£1~'J\U ~~~'L~),Jtl • 

I;jln6m~ru~~u11n!l 'l~Lih.l~6~L~I~..:jLL~ j;)..:j 'l'WzU~ 2.6-2. 7 YilJ~lm1~fitl),J~'JL~),J~'W~tl~CUW:Jijm1 
J' ... _ ..i ... ..i ...... _ ..i, " • 

LtJl~~'!J'W NS 1;j~~.ml1~fitl),J~'JYI~Y1~~L).JtlLYI£llJnlJ KM85 LLfi~ Super KG ( ~111..:jYl 2.6) LL~~..:j Im~'W~, 

tl1).J1CU'!Jtl..:j flux ~i1'l'W NS m11;j~i1),Jlnn~I'l'W Super KG ;..:j~tlj;)Plfltl..:jnlJ~fi~LPln~';YI1..:jtl..:j~U1~ntllJLPli1~tl~ 

NS LLfi:: Super KG ;{'J£I XRF (m11~Yi 2.4) ~1~fu6m;-~~LYI1LLfi~i1,~m~l;jl£1~U11n!l'l'W KM85 tlll;jLii~ 

Firing Temperature %fusion 

( ·C) Ranong B85 FP606 FP660 

900 - 60.0 67.7 

1150 7.2 73.0 75.6 

1200 7.8 89.7 84.3 

1250 8.5 93.7 87.8 

1280 9.1 98.5 90.1 

1 n\.! Li:J'Wmffij;)~'J~tl..:j~'W~I'J B85LVht!'W 6m;-~~6..:jL~II;j::i1~~1'J1'11),J ~'J'Wmffifitl),J~'J~tl..:jm~I;j~YitJ~, 

~~ru'vl1Jm'W"li'J..:j~,n~1 1200 °c FP660 ~fitl),J\;{~n~1 FP606 Lj;)£I~l;jln %fusion ~~ru~1Jij 900 LLfi:: 1150 

o ~ "... , _ I 0 _..i - ° J' 1- I C FP660 ~fitl),J ~~~ml FP606 u1~),Jlru 7% LLfi~ 3% ~1),Jfil~lJ YI~CU~1J),J~..:jl;jln 1150 C ~'W umffifitl),J 

';'l'!Jfl~ FP606 1;j::i1),Jlnn~1 FP660 ~~~fl1I;jLtl'WLYi11~m),Jlru~fl~ Nap ~m'W FP660 ij),Jlnn~1 Yil'l~~fitl),J 

'WI~~CU~1Jij~, LLj;]m),Jlru~tl..:j Kp ~i1),Jlnn~I'l'W FP606 "li'J£I~j;)"li'J~m1~fitl),J~'J\;{~~ru'vl1Jijn~l~n~1 
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~'1ln"11nCn11'Y1(;)I'\'1ltlm(;]~Lr;)"11nLL\-It'i-.l~~ 1 L'li~ FP817 "11ntl1~'Y1 Ferro, Frit CRU 1 03 "11ntl1~'Y1 

R-U S LL~::: Frit 502000 "'nn Cerdec (Thailand) Ul).Jl'Y1(;)I'\'1ltl L~'1lLmEJtlLYlEJtln11\-1fitl).Jj;],)LiJ~\-IfinLLt\'') Frit 

502000 "1:::\-Ifitl).JLr;)~~ru\-l.r:J~~ln~1 FP817 LLfi::: CRU103 LLfi:::L~tlLYlEJtlntl FP660 ~ruwJ~m1\-1fitl).J'lJtl-.l 

Frit 502000 "1:::~ ln~ILfin,:r'1lEJ m1'Y1(;)I'\'1ltlf'il~).J1.h:::~'Y1ifn11'IJEJ1EJj;],) L~tlLr;)f1Jml).J1tl~ (Coefficient of 

thermal expansion , COE) 1:::\-I~I-.lm(;]i-.lI'\'1l-.lr;)')mri-;tl-.l Dilatometer (Netzsch, DIL402C) ~.:il11~flru\-l.r:J~ 
~ln~1 650 °c L~'1lil'1l .:i n~m1\-1fi'1l).J~(;)n1J push rod 'lJ'1l.:iLP'l1tl.:i Dil atometer r.mn11'Y1(;)fitl.:iLL~(;).:i1~pJ~ 2.11 

'l:::Li1~Lr;l~If'il~).JU~:::~'Y1ifm1'lJEJ1EJj;]')'IJ'1l -.l FP660 ~f'il~~.:in~I'IJtl.:i 502000 ~.:iLiJ~~.:i~~tl.:in111~ dental 

porcelain Ly;n:::~'1l-.lHi') ).Jn1JLfi\-l :::~.:iilf'i1 COE ~~.:i '1l~I.:ihrim).J Frit 502000 ~nLfitlnLUH'Y1(;1fitl.:i~~).J1~ 

1.J l.:i~m'lJ'1l-.ln11'Y1(;)fi'1l.:i1~~')~~ 2 L~'1lr;,]~fi~~ 1 u1:::n'1ltlllltlLU 

"tpJ ~ ~ n1 'iVl (;l ~ '£l-l 

"11n~~n11'Y1(;)fitl.:ii(;]~~1J"11nLL\-It'i-.lllll.:i 1 L(;)EJr;,] Chemica l Analysis, m,)"1l'\tl 1JLyjI'\LL~:::m1\-1fitl).Jj;]') 

Lil~\-Ifin Lr;ll11m~r1(;)L~'1lni(;]~~1JlIltl LUC Lr;lLLn Nepheline Syen ite, fe ldspar KM85, ~~'lJl,)1:::~tl.:i, quartz 

LLf\::: frit i-.l FP606, FP660 LLfi::: 502000 (1nL~'1lnLuLiJ~i(;](1~tI~-.l~~'lJtl-.lm1~.:iLf1n:::"'1'\11y;tlf"ll Lfiwyj fi~Ulf 
~ , 

~H'~I\-1f1J.:i l~';)~EJ1~~')~~ 2 IIltlLU 

6 
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n 
0 4 ~ 

~ 

0 3 ~ -~ 
·······r· ·· ··· -~- .. -.. -- ......... --

FP660 ! 

! ~ 
.... : ........... . 

"Q 
2 ..... ........ ; . ... ...... _--------_ .... } 

1 .... 5.02000 . 

0 
0 100 200 300 400 500 600 

Temperature (C) 



15 

... 
UVI'VI 3 

_.... .,j.,j ., 

-31Y1~!.I'V1 Ln!.l1'l1'El~ 

~~f.nL~tJ.Lyj~~u1fY1H,nuY11-!l~1tJ.-.1tJ.j;]n11~LutJ.th::L11YlL'II11ijn~i:iun'l~-!lLutJ. glassy phase U~::~ 

L'Dyi~-!lLUtJ. crystalline phase ~-!l4'~LUtJ.1~~L;-!lU1::n~tJ'lI~-!lUn'lLL~::~~n (glass-crystal composite) L~~1~i:i 

~1&{~tJ1::~Yltn11'l1m£J ~'l~ L\.I~1::~~ ntJn11 H'-!l1tJ.L~~ LMtJ P'1'l1~ 1~tJ. t~£JtJ n ~ LL~'l ~~ n~ LUtJ.L'II11 ijn Lj;] 1£J~ ~1 

'I1m,\1~i:i~-!l~u1::n~tJ'lI~-!lt~\.I::~~nL'IIr;1t;l1-!l 1 LL~'lVi1n1~tJ.LYl~f (sintering) ~1\.1fu glass ceramic 'I:: 

- . ~ . ~ ~ 
fl::L~£J~'l!'lm~~ fracture toughness U~::P'1'l1~LL'lI-!lUN'lI~-!lLtJ.~Un'l [3,4J 

tJ.~m\.l~~'"l1nUn'l~LUtJ.Lyj~~~tJ1tJ. dental porcelain LL~'l ~ L'II"" (Ieucite) LUtJ.~~n~i:i~-!l~U1::n~tJ 

~fin LUtJ.ttJ Uj;] ~ L;£J~-~~ij Li1£J ~-;~ Ln j;] (KP .AIP3' 4SiO 2) i:i "'1~~U1::~Yltn11'l1m £J ~'l~-!l L~~ L~ftJ P'1'l1~1~tJ. 

~~JUn11LtJ~£JtJ.lU11-!l u~::m~ 1 j;] ~tJ.ntJtl N\.IJJij \j 1'11"" ~ n Lj;] 1£J~;tJ. t~£J n11\.1~~~ ~'l utJtJ in cong ruent 

melting 'lI~-!l~'lntuuj;]~Lyj~~tJ1f (Kp.AIP3.6Si02) t~£J~n11\.1~~~~'lLLtJtJ incongruent melting LUtJ.n11 

~fl~~~'l~Vi11~Ln~~-!l liquid phase u~:: crystalline phase ~t;l'NntJ. [5J n11~m~1~tJ~1Un'l~i:i Kp ~1n 
, ..i~ " .. L ~ J' " ..., x . I ~.c - \' ' n'l1 11 % Yl ~~~1'"l1nn11j;]n~~n'll~-!l~ 'IIYl ~tJ.LtJ.~Un'l'"l::~P'11fj~lJ1::fjYlfin11'l1m£Jj;]'l~-!l ~~£J~tJ'l1 15-25% 'lI~-!l~ 

" "" 
L'D"""'Yh1~"'1~~U1::~Yltn11'l1m£J~'l'll~-!lUn'lL~~;tJ.'"l1n 10.7 x 1O-

6fc LUtJ.13-15 x 1O-
6f c 

\jL'II""~Ln~1tJ. dental porcelain m'"lLn~'"l1nn11L~1\.1~1£J~tJ.j;]~tJ. [6J i:in11L~11~P'1'l1~1~tJ.~tlN\.IJJij 

~1~ 1 LtltJ.1::£J::L'l~1~ri1\.1tJ.~ [7J LL~::n11P'1'ltJ"l~ n11LijtJ.~'l1"xL\.I~1::~~ [8J t~m-r'l LU LL~'l~ L'II""'"l::Ln~;u1 tJ. 

dental porcelain nj;]~L~~'li'l-!ltlru\.lJJmtJ.n11j;]n~~m\.l~1::~~U~::L'l~1~1~Ln~~~ni:i~1m~m~~ m~1N~ 

Ln"';tJ.~1~11()mL~~£J~fi X-ray d iffraction [5J t~£Jn11~1tJ.'lruLlli£JtJLY1£JtJ~~~'ltJ.'lI~-!l peak ~i:i intensity ~-!l 
t\~(l loo) 'lI~-!l~ L'II""L Y1£JtJntJ'lI~-!l ~11~1 j;]1~1tJ.~1~ L'Il1 LtJ~h £J ." ..., 

n11~~j;] dental porcelain [9J m'"lLj;]1£J~L~'"l1nn11~~~mj;] 2 'l!~~L'Il1~'l£JntJ.L~~1~Ln~n11\.1~~~~'l 

~tlN\.IJJ~~1LL~::i:i~~illi~L\.I~1::~~~'l£J t~£J~mj;]'l!~~UmLn~'"l1nn11\.1~~~L~£J-!ltJ1-!l~'ltJ.'lI~-!lLyj~~tJ1f.n~~ 

potassium-a lumi nosi I i cate \.I1~ ~ L'II"" L ~11::"'1~~U1::~Yltn 11'l1m£J ~'l'll~-!l~ L'II""i:i"'11n~ L~£J-!l\.l1~ LY1£JtJ LVl1 ntJ 
" " 

ytUfi11~'l!1~'lI~-!l~tJ.~rJ ~1\.1ftJmj;]'l!tl~~~~-!lLtltJ.LU~Un'l'l!~~ alkali-alkaline earth aluminosilicate ~-!lH'~~~ . 
L~fll'l'ltJ"l~n11\.1~~~~'l'll~-!l~'ltJ.~~~ ~'ltJ.~~~~tJ. 1 ~L~~L'Il1LUL~~Vi11~Ln~~ 1'1'l1~i1tJu~-!lu~::C1~-!lu~-!lL~~ 

1\il'lfl1tJl'1~-!lntJYltJ.fi11~'l!1~~1n~~~ ~'ltJ.~~~'"l::~m~1~tlru\.lJJijU1::~1N 1000 °c l11£J1~~C\JC\J1n1I'1LtltJ. 

L'lfl1 2-3 tJ.1Y1L~~~fij;JLtltJ. final porcelain ~1\.1ftJYltJ. 

~'ltJ.~~~'lI~-!l1~~Vi1YltJ.~L\.I~1::~~~HtlN\.IJJ~L~tJ.'li'l-!l 660±30 °c JtJ.'"l1m~n~11 US Patent [10J 

ri1~tJ.~~-!l~tJ1::n~tJYl1-!l LI'1i:i1 ~ ~-!l~ 

60-65% Si02, 8.5-11% AIP3' 8-12% KP, 10.5-12% Nap, 

0.7-2% CaO, 0.5-2.5% BP3' 0.1-0.6% SbP3' 0-0.5% Ce02, 

1.0-3.8% Ti02, 0.8-1.4% Lip LL~:: 0.6-2.4% F2 
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~fl~~tJiJniJ"jjfN VMK95 fl-.l~,j1::nfliJYl1-.l~I'1~"jjfl-.l~'l'\.1~nlil::rT-.ll'1-.ltJi1-.lnW.nn ~"Ji~ ~ % Nap ~~-.ln~l 

LL~::~ % AIP3 ~~ln~l"jjfl-.l VMK95 fl11il~tl~~.,.m::~'l~CJt'l~CH~N'\.1JJm~n11~CJ1~~ln~1"jjfl-.l VMK95 (~CJ1 
VMK95 ~I'1N::'ri~(;]LL~"r1tJl"\lt'l(;];t.if ~fl 990 °c ~CJ1LL"Ji~~N'\.1JJ~C~1~ 2 ~1~) 

35n1'i1-.r!J 
1, ~1r5'(;]~;liJ~~t'lL~flnIil1nCJ~n11"r1t'l~fl-.lL~~'l~~ , 

r5'j;]~;liJ~~t'lL~fln1~LLri Nepheline Syenite (NS), feldspar KM85, ;l~"jj1'l1::~fl-.l 885, quartz, FP606, 

FP660 LL~:: 502000 

2, -r11n11iJt'lr5'j;]~;liJLLtJif1::"llUt'lLLfh;hn11ifl~c.h~j;]::LLnN 200 mesh '\.11fl -75 micron 

3, CJt'l~r5'j;]~;liJtJi1-.l 1 ~~flL'\.1L~fl-.l~,j1::nfliJYl1-.l~l'1mnfi~~tJ-.lniJ~j;]1'lIilt'lfliJ1~~ VMK95 tt'ltJH''\.1~nLnN-n 
" _ v'" 

~1il11N1t'l-.l~ 

3, 1 HCJf1~~1'111::~Yl1-.l~I'1~~1~1il1nn11"r1t'lf1fl-.lL~~'l~~ '\.11fl~1~1il1n~'lLL"r1~~1'\.1t.l1tJ ~l~l~'lNtt'ltJH' 

Tech Program: Viscosity - Temperature and Glass Composition (Dr. Reinhard Conradt ~tl~~ • 
~~tJ~t,j1LLm~) 

3,2 ri1'\.1~t'l"Ji'l-.l"jjfl-.lr5'j;]~;liJ'\.1~n~L~-.l1~LLri t,j LLj;]t'l ~~f1t'l,j1fLLf1::mj;]~~fl-.l1il1n~tl~r5'j;] ~;liJ'\.1~n~Yh L "x~nt'l , , 

4, ·t:hn1mJ1L~fl'\.11~ru'\.11J~LLf1::~'lf11L~n11~CJ1~Yh L"x~nt'l~ 1'l!vlLLf1:: glassy phase 

5, -r11n11j;]1'lIilt'lfliJ phase ~1~t'ltJH X-ray diffractometer (Jeol, JOX3530 '\.11fl Shimadzu, XO-610) tt'ltJ 

Hri1fi-.l1~ 30 kV ('\.11fl 40 kV ) j;]1'lIilt'lfliJL~"Ji'l-.l 28 10-40 ° Step angle 0,02 ° Count time 1 sec. 

6, ~~fln~'l~CJt'l~~~N'\.11J~LLf1::~'lf11L~n1nCJ1~-r11L"xLnt'l~ 1'l!"r11,jyh Chemical analysis ~'ltJ XRF 

• ..., .!iJ' ~ , ...... J' 0 I' ~ ...... 
7, Ynn1nj;]1tJ~t'l'l~CJt'l~~"jj~ ~'\.1~LLf1::'r'ln batch "r1~j;]1tJ~"jj~Iil::"r11n11j;]1'lIilt'lfliJ phase ~t'ltJ ~'l!'lfi XRO j;]1'l1il 

t'lfliJ~~flL"xLLt.lLIil~l~nt'l~ 1'l!vlrifl~~1~1-r11n11CJt'l~niJmj;] FP660 '\.11fl 502000 L~~t'l~'l~tJi1-.l 1 n~ 
8, v J' _.1 ' .1 

fl"'''jj~P-lLL"r1-.l (bar) "jj~1t'l1'1'l1~m'lu1::~lN 32,5 mm, 

9. ~eJ1L~ box fumace ~hj1~I'1'liJ~~iJ11mn1I"\'\.11fl-r11L "x~tl~~'1I'1I1 n11"\~~fl-.l1il1n,j'fl~lnt'lL~n11H~j;]1~ 

~tl~~'1I'1I1n11"\ ~~1 n-r11L "xn11~1 ~~~-.l1~~1'1 ~~11:: L Wl1 f"1 ~"ll1 hj~ Lj;]l LLiJiJC LLf1::iIi'fl-.l1,j"jjfl H~ 1'1 N:: 

~~j;] LL ~"r1tJl"\l t'lj;] f ~-.lt,]n~l n t'lL ~~1fl-.l"Ji'l-.l ~'lf11 LLf1::~l~'l~1'1 f-.l~H n11"r1 t'lf1fl-.lL ~,T~C~-.l H ~mtJiJ ~~tJiJ niJ 

.j~.. \'~" ~ ... v 'v ... 

eJ~YI ~"'1il1n"jjfl-.l VMK95 ,,'1tJ ~"lln11~CJ1 ~~t'l1l1'l::LLiJiJLt'ltJ'ln~I'1'liJl'1niJ"jjfl-.l"r1"r1t'lf1fl-.l . 
1 o. "'l~N'\.11J~~ ~'\.1~1::t'l~ tt'l tJ ~~ mj'ru::"jjfl-.lI'1'll~'\.1~ 1 ~~t.l~~~'l ~~f1::n 11'\.1t'l ~'l"jjfl-.l~~-.ll~ 
11. ~1'l'lt'lfliJt'l~iJ1itJi1-.l 1 

11, 1 '\.11f'i1~~,j1::~"r1jfn11"lJmtJ~'l~fl1MiJl'1'l1~1fl~t"'tJH Oilatometer (Netzsch, 01 L402C) tlj;]11 

n11~~~f"1'l1~1fl~ 4 DC/min 1,j1il~~-.l 700 °c ~l'\.1fiJ calibration H alumina standard ~tl~~'l 

~mtJiJL~tJiJ tt'ltJ-r11n11j;]1'lIilt'lfliJ 2 ~~-.l1~LLfi'l'\.11f'i1~~~tJ 

11,2 Chemical resistance t~1tJ-r11n11fliJ;~-.l1~~~ru'\.11J~ 110 °C 1~h~fltJn~1 12 i'l ~-.l -r11n1ri-.l~1 
wJntt'ltJH~1'11fl-.li-.l"r1l"\utJ~ 4 ~1~~'\.1t.l-.l rifl~LL"JiB1~~1~~t'lltJ'll (5%Oistilled Vinegar, flM,) ~tl~ 
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L'J~l 24 ;'JhJ.:I ~l.:1J1LL£h~U1~LL~.:It'lUY1rifJ~'Ill~1-i.:l1\1),]~nfl'lf.:l L~fJJ111'J'It'lfJuJl\1,rn~\I1tJhJ 
~l\1nml1J111'J'It'lfJU Chemical resistance L~Yhn11Y1tJ1t'lfJU 3 ;~.:Il~LL~'J\I1l'ilL~~tJ 

11 .3 Thermal shock resistance LtJltJ'Ill;~.:Il~hJ1~fI'l'Jl~1fJ~~'lru\IJJi1 200 °c ~1~ 1 -i'JL~.:I LL~'J~.:I 
;~.:Il~~.:I\I~tJIfJfJn'llnLJ111 <I~~.:I1~Jl~t'l~J1LL;j.:lVl~Yi ~.:IB·W,jfJtJn11 30 ~lYirifJ~'Ill;~.:Il~hJ , 

LL-riB1~Jl~t'l~ methylene blue L~fJJ111'J'It'lfJU11il1fJtJ crack fJ~U~;~.:Il~\l1fJL),]~'JtJ Stereo-

" 
microscope ~l\1fun11J111'J'It'lfJUY11 2 ;~.:Il~'lJfJ.:IYJn~J111LL~:: VMK95 

t'llL\I~~~fJ.:IH'lru\l1Ji1~.:It1.:1 200 °c L~fJ.:I'Ilm::\l11.:1~'Il1;~.:Il~fJfJn'llnLJ111 'lru\IJJi1'lJfJ.:I;~.:Il~ 
'1::J11n~.:I~ln11 200 °c hJ~n fI'l1tJ111;~.:Il~rifJ~'~~.:I1~Jl~t'l~J1LLoii.:lil'lru\IJJi1fJ~1~-ri'J.:I 150-

170 °C LLIJi1::\l11.:1n11Y1 tJI ~fJ.:I'I:: L),]Y11n11-5' tJI ~ ru\lI1i1~ LL ~'11.:1'lJfJ.:I;~.:I1~rifJ~<I~~.:I1 ~Jl LLoii.:l 
~ " , 

HfiO'lj'YI ~fl'il~ LLfl~'ilihJ'DtJ ~fl 

'11nn11Y1tJ1~fJ.:I1~-ri'J.:I 6 L~fJ~LL1n'lJfJ.:I.:I1~14'tJ~LtJltJt-n' Teach Program 1~n11f'il~'JrufJ.:Ifihh:;nfJu 

YI1~LfI'lil I'il~L~ilml~LLJ11nlJil.:1'11n~~1LfI'l11::,x~L~'11n XRF ~~ln LLIJi'lru\IJJi1'lJfJ.:In11\1~fJ~IJ1'J~hhLLm~ 

LrI~mn~ L~tJ.:I ri~LLIJi L~t'l~L~'11 nfJ.:I f'i"iJ 1::nfJUY11.:1 LfI'lilfJl'1lJil.:1 ri~ n11LfifJ n H~~1 LfI'l11::,xY11.:1 LfI'lil~L~'11 n~~ 

n11JJ11'J'It'lfJu-5'J11tJ~u1~~'J~~ 1 ~.:IL~~J111~'J~~t'l~~ilm~lru'lJfJ.:ImJ11~~.:I~.:ILLIJi 20% ~~LiJ ~~\I~.:In11\1~fJ~ 
,r'lLLtl:;Y111~Ltj~IJ1'JfJ£ll.:1-Dl 1 L~fJ1~LntJI~fin'lJfJ.:I£jt"llY1i'~~~~t'l1~11ClY11t~ ~~'lJfJ.:IL~t'l~L~'11n XRD LtI~ 

glassy phase ~.:I\I~tJ1 (~~~'11mltJ.:Il~fi1'J1Wl1'J\I,jlLfi1Nn1114'tJ 6 L~fJ~LL1n) 

.:Il~14'tJ~Y111~ 6 L~fJ~\I~.:I~~.:Inl\1~tJI~'J~~t'l~LLIJi\l1'lru\l1Ji1'lJfJ.:In11L~lLL~:: soaking time ~L\I~l:; 

IUJL~fJ1~~£jt"ll~rifJ~~'1::'IlltiJ~t'l~riumJ111~ % IJil.:11 ri~ 
..l • J' , 

~J111Y1nl\1~tJI'lJ~\~nl1Y1tJ1~fJ.:I 
" 

KM85 

NS 

FP606 

Quartz 

B85 

..l 
~J111Y1 1 (%) 

84 

5 

6 

5 

..l 
~J111Y1 2 (%) 

84 

5 

6 

5 

1~~~ 3.1 LLM.:I~~ XRD 'lJfJ.:I~'J~~t'l~~il KM85 LtI~\I~n (~J111~ 1) ~'lru\l1Jijn11L~1~.:I~tJI~ 1165, 

1185, 1200, 1250 LL~:: 1270 °c L~~t~11~~ XRD 'lJfJ.:In11L~1~'J~~t'l~~'lru\l1Ji11165 LL~:: 1185 °c 6.:1~Ci.:l 

'''''U~fJ~IJ1'J ~m:tru::'lJfJ.:I peak ~'lru\l1Ji1 1185 °c L~fJLYitJuriU~L~l~'lru\l1Jij 1165 °c G~LiJ~tJ~tiJ~.:ILn~ 
L1.N1J'Iln Intensity 'lJfJ.:I peak ~ 28 - 26.6 ° ~.:I~~LL~::il Relative Intensity 1 00% ~'J~ glassy phase G~ 
Ln"'~ 1185 °c LL~::L1~;tJI~~~'lru\l1Ji11200 °c L~fJ.:I'Iln background 'lJfJ.:I~~ XRD ~t~G~ broad LL~::;tJ1 
L'l~~~~'lru\l1Ji11250 °c ~ peak \I~n~L\lfifJfJ~LYltJ.:I 4-5 peak ~fJ'lru\l1Ji1~.:It1.:1 1270 °c ~U11 phase ~'J~ 
L~t:ULij~ glassy phase LL~::~~fimntJIiJ~fJ~ ~~ti1:tjl~11fJ1'1LtI~L~t'l'lJfJ.:I Microcline (KAISiPa) n11~~6~ 

Ln~~LnlJl~~~~l LtI~~fJ.:IJ111'J'I t'lfJU~'JtJ1fi~~L~~ L~~;.:I~fJn L \I\1fJ 'I 1 n.:ll~14'tJ~ Lt'l~fJ tiJ~ ~.:I~L~fJ.:I'Iln L~t'l~ 
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H'~~'lYi1m1 soak 20 \J.1Yiri~\J.Yi11t~\ih.~(;]'l~'l mnJf1J cooling schedule 1wri'l'l~1nH' cooling rate ~tJ1'l'n1 

1 ~~'l~r;i 1-3 °C/min L~~1,~\n~~fin~\J.1wh.:Jri~\J.t:lrut-l.r;]ij 1000 °c t-Ifi'l"l1nJ\J.Yi11t~\ij\J.(;]'l~'l~'lrJ cooling 

rate 1 0 °C/min hJ"l\J.~\J.'li'l'l quartz inversion t-I1~th:::~1ru 573 °c L~~ 1~~tl1"l';h~\J.'li'l'l~lU~~'l"l:::Yi11~Lij\J. 
~'l~'llu~'l 550 °c ri~\J.Yi1m1Lij\J.(;]'l~'l~tJ1'l.n1~'lrJtr~11m1Lij\J.(;]'l 1 °C/min "l\J.~rut-lllij~1n~1 270 °c "l~ 

~ ~ , 
U'i':::~'lro1i1f~'lm1Yi11~fjl'!1vl~Ln~~\J.1\J.'li'l'l 1000-1200 °c LU~rJ\J."l1n cubic luLu\J. tetragonal ;'l~nLn~1\J.'li'l'l 

300-500 °c ~~'lLm~~n"l1m~1t-11!lUfl~rJ1~Lij\J.1\J.LmLL~'lLLr;i Schedule 'lI~'lm1L~1 ~tJ1'lhr'im~Li1~ 

~rut-l.r;]ij~1n~1 800 °c ~~'lL~1hi~1~11mij\J.l~L1'lm~~ri1t-1\J.~ (10 °C/min) ~~'lI~'l XRD U11nD~1hi~tJ 
.. ~.-_ J' 

c.J~n'll~'l~ i'!l'VlLn~'lI\J. 
~ 

1\J.Zu~ 3.2 ~~~'l~~ XRD 'lI~'lel'l\J.~~~~i'j NS LU\J.t-Ifin (~~'i'~ 2) ~t:lrut-l.r;]ijm1L~1~'l~~ 1210 -

1220 °c ~tJ~ 1 Hr~fin'll~'lfj l'!1vl ~~:::i'jfin1j'ru:::'lI~'l peak Ln~tJ~'lt-l~~ 1n~L~rJ'lritJ'lI~'l VM K95 ~tJ1'lhrim~ 

~rut-lllij~'l ~ ~~H'1\J.n 11L~1el'l\J.~~~~\J.~~iritJ L~1~1.n LL~:::~rut-lllij~ ~~~'l'll~'l ~r;i~ :::L~1~1 e.l1\J.m1 cal ibration 
~ "'" ~ \i" 'IJ 

.. ~_ ! ".. ""~". .. ... 0"1 " 01"" ~ol~"" " 'vI'i'fl uJ r;i'loJ\J.~~ heating element 'lI~'lL~1'Vl i'll~~'lI1~~m~-Xn "l'l"l1L1J\J.~~'lL1J~rJ\J.i1J i'llLm~\J.~~:::~~'lt-l1 

~rut-lllij~'l~~~Lt-I~1:::~~1t-1~;'l"l:::~fi1\J.'li'l'l 1180 - 1220 °c 
"C \I \I " \i 

~111'l~ 3. 1 ~~~Lf'111:::tf XRF 'lI~'lel'l\J.~~~~L~1rJ~~\J.;'l1~"l1nm1~1'l"l~~tJ 3 f'1f'l~~:::m"hLll~rJ 
L~Yi1m1~1'l"l~~tJ~'l 2 batch ~L~"irJ~~\J.1\J.L'l~1~r;i1'lri\J. "l1nm11'l"l:::~tJ~1 % 'lI~'l~~nl'l1~r;i1'l 1 L~~LYirJtJ 
n\J.~'l 2 batch ~~'l"l:::~fih1n~L~mri\J. AIP3 ~~1\J.'li'l'l 19.8-20.0%, Si0

2 
60.2% ;'lLvhri\J.~'l 2 batch ~~:::~ 

Kp 7.64-7 .67% ~n'lf'i1~1~ftJ'lI~'l Nap ~1Ln\J.~f'11~t-I~1rJH ~n~'l % Nap 'lI~'l VMK951\J.'lI'l~~i'l~~~1 
L'vI~r'i~f'i1~~1~1m'li\J.ri\J. ~'l1~ ~ tl1"l~1 m 1'111 ca Ii bration 'lI~'lP'1\J.tJ ~ 1'l"l~ Lf'111:::t-IL~Yi1~tJ1'lnn i1f~'lt-l1~ L~ 

~ ~ 

tltJ1'lhr'im~"l:::H'~~"l1n XRD ~\J.tT\J.L~~~Ln~~\J.LL'Vl\J.~~'lI~'l~'lro1u1:::n~tJ'Vl1'lLf'1~~1~"l1n XRF ~ 
"" _r"!! ... "" "" ... J' • ~ J' , 1U'Vl 3.3 LL~~'l~~LU1rJtJL'VlrJtJ'lI~'l VMK95 LL~:::~~1'Vl 2 'VlL~1rJ~'lI\J.t~rJ\J.1iU'lI\J.'i'U~'Vl'l (bar) ~~'lYi1 

~ ~ ~ 

n1'i' sinter LL~:::~1 bar ~1r1i'1,u~1'l"l~~tJ XRD ~~~L~tT'l~fin1j'ru:::1n~L~rJ'lri\J. ~r;i~~'lI~'l VMK95 "l:::~fin1j'ru::: 

~tl'l glassy phase ~1nn~1 

m11'l~ 3.2 ~M'l~'l~~el'l\J.r;i1'l 1 'lI!l'l frit ~H'~~~1\J.~~1~ 2 L~~ri1t-1\J.~~rut-lllijm1L~1t-1fi'l~\J.1U " ,,\I \I 

~111'l~ 3.3 ~M'l~~~~u1:::~'Vltm1'l1mrJ(;]'l'll~'lel'l\J.~~~r;i1'l 1 ~~1~1'Vl~~~'lH'LtI\J.~11~~f'lIL~\J. 

L~fi~U1f ~tJ~1f'i1~~u1:::~'Vltm1'llmrJ(;]'l (COE) 'lI~'l VMK95 i'jf'i1~'l~'l 15.4 x 1Q-
6
fC ~fi:::f'i~\J.i1'lf'1'l~~'l 

~ 

~~t:lrut-l.r;]ij 1 00 lU"l\J.~'l 600 °c ~~:::f'i 1 COE ~nfi'lL~~t:lrut-l.r;]ij~'ln~1 600 °c ~1t-1ftJ~~1~ 2 ~L~"irJ~~\J. 
'nn NS ~f'i1 COE 1\J.'li'l'l 100-500 °c LYhritJ 10.9 x 10-

6f c ;'l~1n~1'l1~'l VMK95 ~1nm"lLU\J.L~11::: 
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quartz inversion flru'vlJ;]i1~'ln~l 600 °c ~1 COE 1il~[;lmN Iillm.a'ln11Yl~f'ltl'l FP660 ~~~~Yi~n~l 502000 

~'l~~Y'l11~~~1 COE ~~'ln~1;'l~ih.J~'l~~tl'ln11 
~ 

[;l111'l~ 3.1 e.Jf'l Chemical analysis ~tI~~1.Jtlf~'l!~1fi'~1~lillnn11[;l1~Iil~tllJ~~tJ XRF 

..i "" J' ~ ..iJ' ~, 
'lItl'l~[;l1Yl~[;l1tJ~'lI~ 2 I"1N~~f'l~ VMK95 Yl'Dtl~l lot 1'vI~ 

Material 'UI"i 2 VMK95 (lot 2) .. 
1

5t 
batch 2

nd 
batch 

Si02 60.22±0.22 60.23±0.05 57.93±0.13 

AIP3 19.99±0.06 19.B3±0.OB 16.14±0.06 

Fep3 0.09±0.003 0.09±0.002 a 

MgO 0.22±0.01B 0.21±0.13 0.04b 

Nap 1.2J±0.26 1.3B±0.12 0.37±0.26 

Kp 7.67±0.03 7.64±0.02 B.53±0.04 

Ti02 0.15±0.003 0.15±0.004 1.17±0.02 

CaO 1.35±0.02 1.35±0.003 1.40±0.02 

pps 0.03±0.01 0.04±0.02 0.19±0.02 

·~h~'LiId:J"'~1fll.J 

b~1 SO j:j~1~~~~ 0.1 l~tl~"1nn1:lIIn .. ~tll.J~f~~ 3 'LiI~11i1 ... f'l1.J 1 ... ·'D(lJ:;~\n 2 ~f~lun'Lil~11i1 ... 1.J''ln 

'1"i~~,rU i"t'lu;h,r 'a nl'M 11 ill Un1"iLr.l1 
../ .., 

'II U1" L'ilfi!1 'MtHLr.l1* • .. 
("C) (mm) 

..i 
29.20±0.14 ~(;11Yl 2 + FP660 60: 40 1000 

~ 

50 : 50 1000 'vIf'ltl~~~ 
..i 

~(;1'lVl 2 + 502000 BO: 20 1050 29. 20±0. 04 

70: 30 1025 29.25±0.05 

60 : 40 1005 29.30±0.10 
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Composition Wt% Temperature range COE 

(C) (x 10·6fC) 

VMK95 100 100-500 15.4 

100-700 13.6 

Formula 2 100 100-500 10.9 

100-700 11 .1 

Frit FP660 100 100-500 6.7 

Frit 502000 100 100-500 5.3 

Formula 2 + 80: 20 100-500 10.1 

FP660 100-700 10.9 

70 : 30 100-500 9.5 

100-700 11 .0 

60: 40 100-500 9.1 

100-700 11 .1 

~CU~1:Jm~mm.J l~~l£'l-.1 flth-.1hfi(;11~m1L~i1m.J~j;]1~ 21~~~';i~~~~~fl-.1 glassy phase Lil~fl-.1f'1,j1::;nfl1.J~::; 

~n~l nl1~lmj;]~1~~~Yl",~-.1 ~£'l::;mj;]~"'11~~ l nj;]';iLLYl~~1",oJ1I!Jfi6-.1f'1-.1~~ruWlm~m1"'£'lfl~j;]';i~~ -.1 n~1~ , ~ ~ 

~£'lm1j;]1';i~~flU Chemical res istance t~I!JH~1~~~11!J1 YiU~ 1~';i~~~~~Lj;]11!J~;~~-.1 ~~~~mj;]~~ 

~'l~~ 1-.1 1 rl~",1flhj~~~fi(;11~~n11£'l::;£'l 1 1!J1~~1~~~11!J1"'~-.1~ln~-rl~-.1H 24 i';it~-.1~~l~fll!Jn~l 0.1 % t~l!J~ 
I I ....' I 

... "... ...~ " .. ~ ~ • l' ..... ~ 
VM K95 ~n11£'l::;£'l11!J~flI!JYl~~ ~£'l::;Yl ~'D'n1j;] 502000 ~~~ m1£'l::;£'l11!J ~~~1~~~11!J1~::;~lnYl~~"lI-.1~~~-.1~£'l ~~ 

~'111 -.1 ~ 3.4 fl£Jl-.1hfiI1l 1 ~mm..r;mJLYlI!JU~£'lm1£'l::;£'l11!J (Solubility) 1::;"'~1-.1~';i~~~~~1-.1 1 rl~6-.1fl1~1~~ £'l~ 

~fil~Lf'1~fl~1~ Ltifl-.1~lnm1LllimJLYlmJf'1';i1Yl1rlU;~-.1 1~~-.1~~~~Ej';i (Surface area) ~Lyhrl~ Ltifl-.1~ l nm1 
fi::;fill!J~::;;~rlU~~~Ej';i'llfl-.1;~-.1 1~~~~er~t~I!Jj;]Nnu~1~~~1I!J"lI m~lrun l 1£'l::;£'l11!J'lIfl-.1;~-.11~"i1fl~1",,rn~ 

~ 

~'1 tJ1u~::;~~lnt11~~~Ej';i'llfl-.1;~-.1 1~'Jn~~er~t~I!Jj;]NrlU~1~~~11!J1~~ l n n11LlliI!JULYlI!JUnU~1",,rnL1~~~ 
t~tJ~~ l1rul~~~Ej';i'llfl-.1;~-.11~~ Lyh n~~-.1oJl ~::;LiJ~1fi~~n~1~-.11 ~m 1Yl~£'lfl-.1~1~1~~1\l-.1 ~-.1~~~Ej';i'llfl-.1;~-.11~ 
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Composition Ratio Solubility (%) 

VMK95 100 0.006 

Formula 2 + FP660 60: 40 0.02 

Formula 2 + 502000 80: 20 0.05 

70 : 30 0.06 

I tJmb(;ln1~b,;;~vT'l;~,:nW~~Ll.M~1~~U~ 3.4 -3.8 tJ1''HtI~L'Y1n:;~1~ru'\.l.1:Ji:i~1fl~m1Y1~~~'U~~Ln~LU 
~~~m1(;l1'l1il~~'U Thermal Shock resistance hJ~1~11t1nl'\.1~~Ltltil;1'lL~'lI'\.I-;~·lh~ (range) hi' ~m 

~tJ~ Thermal Shock resistance 1il:;1:;1.J~leJl~'\.I-;~ hJLvh~~ L~~~lilln~h~£.JLI.(;lnU11n!J!l~vT'l Lu1\..1Yln;\..I~1\..1 

j~ti'1~1!l£.J LI.(;l nlil:;~!l ~1 h] eJl~ 1 ~m 1Y1~ ~~~~vil~~ ru'\.lJli:i~H'tJ1Iil~~ Ln~ LU .. ~ ~ 

~ 'ttl ~ 1l n1 'i'VI ~ 1l 'el..:J 

n 11~~ Lf'111 :;oJ~ 11'Y1!l f'l! L~~L ~ ~ ~ulf~l'\.1fu 1fl~~1~o,1~(;l m1~ ~1~11t1 L(;l1£.J ~~~ L~lill n-r (;l t1~'U~~[;]'l , 

LVI\..I~l'\.1,.h£.JJl1£.J 1 ~U1:;L VI ~ LI.(;]m 1f'1'l'U fiJ~ fiJruJll'Y1'l1!l~-r(;l 'l~'U~t11 L 'Ill ~1 ~ ~~ ~~~ ~~1 L~ ~!l'\.l-;!l1n~ L~£.J~ rl\..l 1 \..I 

L(;]~:; lot ~!lnlilln~ Firing Schedule LtI~~~~~l~(lI~[;\'~~f'1'l'Uf'1~ L'Y111:;~ru'\.lJli:i~L~1tJ11il~~~vil1~~L'l!y) -1;1 , , \I \I 

L~:; glassy phase ~m~lru~hJL'\.I~1:;~~(;]~~1~Yll~~1~o,1~(;lm1~L'Y1n:;fih COE 'lI~~~L'l!Y)Iil:;~~n~l glassy 

lhase ~ln 

Iilln~~m1~~£.J~eh~~~~~L~!lnt11~1H'LI.~:;1~~~'lI~~L~~~L'l!Y)~1n~L~£.J~rl~rl'U'lI~~ VMK95 ~1fl\..l 
~ru:;o,1~(;lLl.'Y1Y1Ml~(;ln~Ll.ri Nepheline Syenite (84%), Quartz (6%), Ranong China Clay (5%) LI.~:; Frit 

:P606 (5%) t~m~1!l~1~'Jh~ 1185-1210 °c LI.~:;vil1~Lij~[;]'l!lrh~.nl 1 L~~ 1~Ln~~ L'l!Yli'~ LI.~:;~~m1(;l1'l1il 

ltJ'Uroll COE rT~f'1~~roll(;]l~lilln'll~~ VMK95 ~~U1:;~lru 20% eh~~~~~ 1 L'li~ m1~:;~l£.J1~m~~1~~~lrJ1 
L~:; Thermal Shock resistance hJLI.(;ln(;]l~rl~lmrn 
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ttl~ 3.4 ~~ Thermal Shock resistance 1Jtl-3 VMK95 (Magnification 40x) 

ltl~ 3.5 ~~ Thermal Shock resistance 1Jtl-3~1Jl1Yl2 ~t'l)'J1,tJ FP660 'lu~,,~h'u 60:40 

(Magnification 40x) 
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lU~ 3.6 CJf'I Thermal Shock resistance lI'fl.:j~lJlT~ 2 CJ~1.J11tJ 502000 'l1J~~fl'lU 80:20 

(Magnification 40x) 

lU~ 3.7 CJf'I Thermal Shock resistance lI'fl.:j~lJlT~ 2 CJ~1.J11tJ 502000 1u~~fl'lU 70:30 

(Magnification 40x) 
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ltJ~ 3.8 ~fI Thermal Shock resistance 'Jltl-3~1'l,.yl2 ~tUJflU 502000 Luiflri'lU 60:40 

(Magnification 40x) 
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'l br1~I:;~~Ub~'l).J£UJU(;1Y1(;)~ULLf'l:;LY1tJULY11 nU~tN VM K95 (;)'lU 

1. L~).Jt1hnru~~'lm(;11uehut:J~).J~'l~UbbY1Un1~t:J~).JYi~~'lL~~L(;11tJ).J~ln'i~f'llLf'lUL~f'l~Ulf 
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2. m~(;1~~'il~~U~).JU~b~).JL~).Jt(;)m'UYn:; Hardness u.f'l:; Toughness ~'l~ILtlU~~'lHb(;11~qJqJln1p\lw 

n1n(;11tJ).J~U'lIU b~~rh~'(;) pore ~Ln(;);u1u~U'lIU~'lu.mun\,i1~tJ~1~Yhn1~(;1~~'il~~U Vicker 

Hardness LLf'l:; Toughness n(;11).Ju.[;]hJ~I).Jlnl'r(;)~Ul(;)~~'l Indentor U.f'l:;~'Wl(;)r1~I).Jm~~~'l crack 

~ul1n!J1~mh'l~n~~'lL.,..m:;~).J~~'l diamond iJUU.f'l:;~U'lluiJ pore u~ln!J~~i~1u 
I I , , 

3. n1~(;1~~'il~~U Chemical resistance r1~~'r11rium(;)u.f'l:;~I'l~U 1 L~).JL~).J b"liU Citric acid, Lfi;fl'l~).J 
~ \' dI d 1I 0 J'..J..... .!' "..,J 

Ult'll (;)1 , U1Lnf'l~ bbf'l:;~U 1 btlU(;1U LLf'l:;n1~(;1~~'il~~Ur1~~n1~'W(;)YiUY1t:J~~~'l'llU'lIU1~r1'lY1 
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37-0362 Wavelength= 1.540598 1 i .  
KAlSi308 2 0  Int h k 1 2 0  Int h k 1 

Potassium Aluminum Silicate 13.421. 7 1 1 0 73.735' 22 4 5 1 
19.062* 15 2 0 0 75.459' <1 2 2 2 
27.048* 17 2 2 0 77.052' 8 3 6 1 

- .. 30.294' 100 1 3 0 77.052' 8 1 3 2 
Rad. : X: Filter: d-sp: 34.318' 4 1 0 1 77.986' 6 3 7 0 

38.576' 7 4 0 0 
Cut off: Int.: I/Icor.: 39.492* 16 2 1 1 

Ref: Yamada, H.. Matsui, Y., Ito. E.. Mineral. J.. 12, 29 (1984) 

Sys.: Tetragonal S.G.: I4/m (87) 49.859' 14 1 5 0 

0: P: Y: 2: mp: 57.614* 4 3 5 0 

Ref: Ibid. 

Dx: 3.905 Dm: SS/FOM: 58=33( .028, 30) 63.653' 
68.935* 
70.426' 

Integrated intensities. Synthesized from amorphous K Al Si3 0 8  70.426' 

at pressures 14-30 GPa and temperatures of 1200-1400 C, then 7 1 .490L 

que~ched. Hollandite type. PSC: tI?. To replace 20-848. Mwt: 72.141' 

278.33. Volume[CD]: 236.72. 73.105* 

01996 JCPDS-International Centre for Diffraction Data. All rights reserved. 

Aluminum Silicate Hydroxide 

20.340' 
Kaolinite- 1A 21.225' 

Rad.: CuKa h: 1.5418 Filter: Mono' d-sp: 22.9 
21.468' 
23.120* 

Cut off: Int.: Estimation I/Icor.: 

Ref: Goodyear, Duffm. Mineral. Mag.. 32, 902 (1961) 

26.400' 
28.286' 

Sys. : Triclinic S.G.: C1 28.732* 
32.51 1' 

a: 5.155 b: 8.959 c: 7.407 A: 0.5754 C: 0.8268 34.967* 

a: 91.68 p: 104.9 7: 89.94 Z. 2 mp: 35.151' 
35.408* 

Ref: Ibid. 35.641' 

37.717' 
Dx: 2.595 Dm: 2.645 SS/FOM: %(~=35( .022. 36) 38.351' 

ea: 1.559(6) qmp: 1.564(5) EY 1.565(5) Sign: - 2V: 24-50. 
38.504' 
39.078' 

Ref: Deer, W., Howie, R., Zussman, J., Rock Forming Minerals, 
3. 194 

Color: White 
specimen from Scalby. Yorkshire. England, UK. Validated by 

' dculated pattern Borg and Smith, GSA Memoir, 122. 
Kaolinite-serpentine group, dioctahedral subgroup.mC.D. 
Cell: a=5.166, b=7.407, c=5.155, a=104.90, p=119.87, 
y=84.10, a/b=0.6974, c/b=0.6960, S.G.=Pl(l). PSC: aP17. To 
replace 5-143 and 12-447. Mwt: 258.16. Volume[CD]: 165.22. 

Int 

Wavelength= 1.54 18 

h k l  2 e Int h k 1 

2 e Int h lc 1 

01996 JCPDS-International Centre for Diffractton Data. All rights reserved. 
, 



46- 1045 Wavelength= 1.540598 1 

Si02 20 Int h k  1 2 9  Int h k  1 

Silicon Oxide 20.860. 16 1 0 0 92.788' < I  4 0 0 
26.640' 100 1 0 1 94.651' 1 1 0  5 
36.544' 9 1 1 0 95.119' <I  4 0 1 

Q u e d ,  syn 39.465. 8 1 O 2 96.238' 1 2 1 4 

Rad.: CuKal A: 1.5405 Filter: Ge Mono' d-sp: Diffractometer 40.300' 4 1 1 1 98.751' 1 2 2 3 
42.450. 6 2 0 0 102.231 < I  1 1 5 

Cut off: Int.: Diffract. I/Icor.: 3.41 45.793' 4 2 0 1 102.567 < I  3 1 3 

Ref: Kern, A.. Eysel, W.. Mineralogisch-Petrograph. Inst., 
Univ. Heidelberg. Germany. ICDD Grant-Ln-Aid. (1993) 

Sys.: Hexagonal S.G.: P3221 (154) 

a: 4.91344(4) b: c: 5.40524(8) A: C: 1.1001 

a :  P: Y: 2: 3 mp: 

Ref: Ibid. 

Dx: 2.649 Dm: 2.660 SS/FOM: 50=539(.0018, 3 1) 

ea: TOP: 1.544 ~ y :  1.553 Sign: + 2V: 

Ref: Swanson, Fuyat, Natl. Bur. Stand. (U.S.), Circ. 539. 3, 24 
(19541 

Color: White 
"qtegrated intensities. Pattern taken a t  23(1) C. Low temperature 

.1artz.8 determination based o n  profile fit method. 0 2  Si type. 
Quartz group. Silicon used as a n  internal stand. PSC: hP9. To 
replace 33-1 161. Mwt: 60.08. Volume[CD]: 113.01. 

Potassium Aluminum Silicate 

Leucite, syn 

Rad.: CuKal A: 1.5405 Filter: Graph Mono' d-sp: Diffractometer 

Cut off: 17.7 Int.: Diffract. I/Icor.: 

Ref: Wong-Ng, W.. McMurdie, H., Paretzkin, B., Hubbard, C., 
Dragoo, A., NBS (USA), ICDD Grant-in-Aid. (1987) 

Sys.: Tetragonal S.G.: 141/a (88) 

a :  P: Y: 2: 16 mp: 

Ref: Wong-Ng, W et &.(USA), Powder Diffraction, 2, 198 (1987) 

Dx: 2.469 Dm: SS/FOM: E~0=137(.006 1, 361 

e a  : qwp: 1.5095(1) EY: Sign: 2V: 

Ref: Deer, W.. Howie, R.. Zussman. J.. Rock Forming Minerals. 
4. 76 (1963) 

Color: Colorless 
#: 1302-34-7. Prepared a t  NBS. Gaithersburg. Maryland. 

! 3A. by sol gel technique using i-propanol. Tetraethylorthosilicate 
was partially prehydrolysed to compensate for slow hydrolysis; 
mived with stoichiometric amounts of aluminum isobutoxide and 
potassium acetate: mixed under argon, stirred and heated overnight 
a t  102 C: hydrolysed with a N H 4  0 H i-propanol mixture, heated and 
stirred overnight a t  102 C. The amorphous gel was centrifuged. 
washed and air dried, crystallized by heating at  1450 C for 15 hours. 
A cubic high temperature modification was described by Hermansson 
and Carlsson. 31-967 (1978). The structure was determined by Wyart 
(1). The stability of Leucite was investigated by Seki and Kennedy (2). 
The structure of this specimen was refined by neutron diffraction by 
F. Beech and A. Santoro. Analcime group. Silicon, fluorophlogopite 
used a s  an internal stands. PSC: tI160. To replace 15-47. Mwt: 
218.25. Volume[CD]: 2348.11. 

Int h k  1 2 e Int h k 1 

01996 JCPDS-International Centre for Diffratbim Data. All rights reserved. 
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