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A STUDY ON THE COLOR CHANGE OF CERAMIC BY
Pd-Ag ALLOY AND MECHANISM
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Jae Ho Yang, D.D.S., M.S.D., Ph.D., Hun Young Chong., D.D.S., M.S.D., Ph.D.

Department of Prosthodontics, School of Dentistry, Seoul National University

— Abstract —

The purpose of this study was to investigate the tendency of color change of ceramic, and
its mechanism under the influence of Pd-Ag alloy.

The specimens were made by firing porcelain on the metal plates cast with Au-Pt alloy,
Pd-Cu alloy and Pd-Ag alloy. In the case of Pd-Ag alloy, specimens were fired under three dif-
ferent conditions as follows, 1) without protection, 2) protection with ceramic metal conditioner,
3) protection with carbon block. For the specimens of element analysis, a barrier was constructed
with platinum foil between metal plate and ceramic. Color change was measured with ¢olorimeter
and elemental changes in ceramic were calculated with DC argon plasma emission spectrophoto-
meter.

The results were as follows:

1. Color change of ceramic by Pd-Ag alloy was negligible in hue, but decreased in value and
increased in chroma (yellow discoldration).
2. Color change of ceramic by Pd-Ag alloy was appeared through vapor transport mechanism.

As the protection method for the color change of ceramic by Pd-Ag alloy, application of

ceramic metal conditioner was superior to utilization of carbon block.
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Table 1. Compositions of alloys used
Contents (%)
Au Pt Pd Ag Cu Sn i Ga
Alloy
Pd-Ag al
g alloy 578 | 30.0 6.0 4.0
(Pors-on 4}
Pd- i
Cu alloy 1.0 79.7 5.0 6.5 6.0
{Bond-on 4)
Au-Pt alloy
84.4 8.0 5.0 2.5
(Degudent H) .

(Degussa Co. Germany)

- 125 -



=45 A FYAZ
?—73 (opaque ; 0.2mm,
0mm )—V—} 273 (15mm) 22 =AE
5 TTFEE ﬂlﬁﬁ}ﬁiE’r(Flg-l).

Jw

) B5AlHe ZdAe)et dX g
opaque£ A Aol el FHof
e 29 o] 34 I AAE 3
/H.Q.A]J:i o v Ae} gZF7He Z]
A3ty dAz YL
nAREE27E

g 2algieh.

< 2AY 483 FAA
24 7ol 8753 15mmITIYPn
1.2mm& FLsHA #2351 o} (Fig.

@

\\/

27 2]
7L
2).

i) opaque®} %4
Az A4 & %
7l o2]8 pine® AA 1
12} opaquet @Al 23 opaque2
E 23t F7o] 0.2mm7}t =HA &
AL8-3 =Al442+ High Bake
Myong Co., Korea)olin <&
Ceramosonic (Shofu Co.)& o] &3ldo
742 Vernier caliper® A73}gc}, ]
°]- 43¢ AELE4E AHL opaqued| T
FA 517 Hslo] 38lo] AA £AAL. =)
9l &AL =AA =3 A (Ceramco Co.)'29}
=47 23] Al (Degussa Co.)!'9¢] =] Ao 2}a}
o AA3}(Table 3).
i) A=A 4 9 glazing
7 AHE ok e 2AF A Hex
A8t glazing 3ot
HA A : Degudent HE A 23t
< g e /‘}%
a4z EAE &
: Bond-on 42 A=k
a3 a2
Aol =alE &4
* Pors-on 42 A 23}
ceramic metal conditione
g F =AE 24 A,
® opaquex FHell F3lod 44,

ot 2

:;l_

& o

A

A
BJ

oﬂ‘ﬁ .
II (Jae
A8l
“1

uj'-‘:ar-al—

=
F
min

mlm o

P
3

——

o o g
b o 2

ae wlo ot

2

=

=

B d

£

b g=21mm —~f _ L .
R @ opaqued & Y E FELxZFwol
.S H [e) ’ﬂ..°_
) ez T SE A 22
% =36 = @ 10%7 A=ANZE Edo] Filog 2o
Fig. 1. Diagram of mold for EAE 4. (R wrEa A ALL-5)
porcelain build-up. E Fukdh)
fe— 15mm—os|
Ky _ gingival porcelain
1.0mm -~ _~Paint-0-Pake
0 2rm$ platinum foil
0.5m 3§ | | |-atloy
e 21mm >4
(for color analysis) (for element analysis)
Fig. 2. Cross-sectional view of specimen.

- 126 -



Table 2. Surface conditioning and heat treatment of alloys

Degudent H 1796°F, 10 min. annealing without vacuum 20% HCI, 10min. pickling, rinse, sandblast
with aluminum oxide, rinse

Bond-on 4 1796°F, 10 min. annealing without vacuum, sandblast with aluminum oxide, rinse

Pors-on 4 1,7‘96.0F, 10 min. anneating without vacuum, rinse

1796°F, 10 min. annealing without vacuum,
10 min. 50% HF acid treatment {ultrasonic) rinse
1796°F, 5 min. annealing without vacuum,
10 min. 50% HF acid treatment (ultrasonic) rinse
sandblast with aluminum oxide, rinse

Table 3. Firing schedule for porcelain

Temperature Vacuum or
Temperature . X
increase alr
¢ fired 1200-1795°F
Degassing ° . 90°F/min 28" vacuum
: hold 1795 F-10 min
Paint- . 1200-1700°F o 28" vacuum
fired ° 90 F/min .
O-pake : 1700-1795 F air
Gingival ‘ 1200-1700°F o . 28" vacuum
) fired o 90 F/min .
porcelain 1700-1760 F air
, fired 1200-1765°F o . _
Glazing o 90 F/min air
hold 1765 F-30 sec
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Table 4. Results of chromatic analysis

M, B-NAZZAllA f440] §2 a*:
M-CAYZ, bt M-CAYZAeldld 9
Aol glov AzE LY, at, b7t HgHes
Hodstmz LY, a* b*o A Atz
£ WAk £40 glolx 2 ov|7} elct.

C*(ME) & BE AdFolA a*7t A
2 A3 by} 253 =3 b*e] w3l 23
Aeich. AsE WARAde A3
NAZFNA 712 237 CM AFFEoes
ZHeiv.

He Aazncza 7z AdFoa 88.5
~94 .3’ Atolo) F-Z 3w g HAAEG, o]
L+ Munselt] A4H(H)o 2+ 2.3Y~4.4Y0l
3

oL O
W

+EE
Munseite} A4 H, =

T Azuste &3}
A7
o}

A 2 A E*ab=[(L*)2+ (a*)?+ (b*)2]29) ©
o]+ CIEs;s L*a*b* color spaceoll4] FA7}
o A#E debdn 724 AJFEY AA:
Fig. 9o} ok, I FA) 3 (HAH)FHe A=
H-MAEF7ko) 3.1, H-CAZF o] 4.1, H
~N A&¥F7o] 11.32.8 F7}8l2E ceramic

I E

=
A5
Ao grhsaln

3
1V, HxCute
2
B7ht AFe 2 dest ggn ¥

Three stimulus value Chromaticity Light- Chromaticness | Chroma| Hue Munsell notations
coordinate ness index angle
X ¥ z x v 2 L 2* b* c e H v c
H 49.18 50.07 44,26 0.3427 0.3489 0.3084 76.11 0.22 14.66 14.66 89.3 2.4Y 7.6 2.1
B 46.50 47.81 43.29 0.3377 0.3472 0.3151 74.71 -1.05 13.18 13.22 945 4.4Y 7.5 1.9
B-Pt 46.29 47.55 43.00 0.3383 0.3475 0.3142 7453 } -1.03 13.37 13.37 94.1 4.2y 7.4 1.9
M 49.36 50.48 41,96 0.3481 0.3560 0.2959 76.45 | -0.38 17.63 17.64 913 | 3.2y 7.6 25
M-Pt 49.88 50.87 43.00 0.4370 0.3539 0.29%1 76.60 | -0.05 16.91 16.91 90.1 27Y 7.6 2.4
C 45.39 46.24 38.03 0.3504 0.3570 0.2936 73.68 0.47 17.92 17.93 88.5 2.3Y 7.3 2.6
C-Pt 44 .44 45.23 36.85 0.3510 0.3580 0.2910 73.11 -0.01 18.03 18.03 90.0 2.8Y 7.2 2.6
N 45.83 47.27 30.04 0.3647 0.3762 0.2391 7435 | -1.51 25.69 25.72 933 | 4.2y 7.4 37
N-Pt 46.33 47.73 33.22 0.3640 0.3750 0.2610 7465 |--1.36 | 25.31 25.34 930 | 4.1Y 7.4 3.6
H : DegudentH, B : Bond-on4, M :  Pors-on 4 + ceramic metal conditioner,
C : Pors-on 4 +carbon block, N : Pors-on 4, without protection,
Pt :  Specimens with Pt foil for element analysis
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Table 83 7c}.

Paint-O-Pake9} &= aje] B4Hos] 29
7%l Pors-ondE A3 NAj#HoA 900
ppm, CAlHoll4 400ppm, MA]HolA 320
ppmo] AEXHAE N,C,MAH sz 3
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Table 5. Analysis of variance for L*a*b* color coordinates

daft L* a* b*
H-B t = 4.082 (s) 7.953 (s} 6.431 (s)
H—-—M df =10 0.322 {ns) 3.387 (s) 2.225 {s)
H-C 5.330 (s} 0.739 (ns) 3.006 (s)
H—-N 3.595 (s} 7.492 (s) 11.151 (s)
B-M 3.720 (s) 5.898 (s) 8.199 (s)
B-C 4561 (s) 8.607 (s) 9.959 (s)
B - N df =18 1.227 {(ns} 3.440 (s) 28.690 (s)
M-C 5.433 (s) 5.082 (s) 0.392 (ns)
M~—N 4.219 (s) 8.459 (s} 11.280 (s)
C~N 2.374 (s) 11.270 (s) 12.310 (s)
ns:  nonsignificant at 5% level
. i f color difference R _
Table 6. Sensous expression of color differ xal;?‘_ E_ZHLHQI %'%%3’—} %;&_3}1 o] 7;!_?: *1,1_7.:
E*ab Degree of cotor difference tﬂi}g}__!_:_ ;E,Fd g}\%% ‘%‘/TL‘ 9;1‘:}‘- Sno] 7_}2}
0-05 trace 13.2%, 0.2% Aget Cu’t zt7 vl3k 7%
05-15 slight oltt. o714 opauge®] F7o] 0.2mm, =&
16~-30 noticeable E:89] E7o] 1.0mmel AL zEs}n &
30-60 ) appreciavle Aol 1@ e AU FAdoze
6.0—-120 much
- 12.0- very much AB*ab 125
12| 1.3 N
Table 7. Color difference ( A E* ab) between speci- i
mens for color analysis and specimen for 10 8.4 8.5
element analysis. 8-
Specimen Color difference 61 4.8, . 5.1
4 -
B vs B-Pt 0.261 (trace) . 2.0 3 39
M vs M-Pt 0.806 (slight) IE) I; IR lg z i ‘i 7
C vs C-Pt 0.753 (slight) .
Fig. 9. dif o *ab
N vs N-Pt 0.705 (slight) g Color . ifference ( A E*ab) between
porcelain specimens

Table 8. Quantitative analysis of porcelain powder & baked porcelain specimens (wt %, ppm)

Element of metal
Specimen Ag Cu Pd Sn In Au
Ceramco #59, Paint-O-Pake 25 ppm 9 ppm N 13.2% N N
Ceramco #59, gingival powder 15 ppm 8 ppm N 0.2% N N
Bond-on 4 20 ppm 100 ppm N 1.5% N N
Pors-on 4, without protection 900 ppm 40 ppm N 1.8% N N
Pors-on 4, ceramic metal conditioner 320 ppm 50 ppm N 1.7% N N
Pors-on 4, carbon block -400 ppm 8 ppm N 1.7% N N

N:

not detectable at ppm level
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Ao AzE FAHSIa FAY ¥ TIHE
=d), Goodkinds'9e R3&347)71 S
ot 3t et Seghis P2 FA A At
F53717 AR 8% AFHE BYda 2y
g vl ok, 28y o= FAINE o]k 2
AN 8715 2719 AHE AFsd 21
Ad4-& 3l Aol Foictr F331d.

Al FAe EAANE A FAA
(color apperance system)$ Z3A (color
mixing system)”} 9l Hzlol+ Munsell,
Ostwald A4 o] 9l FAoE= CIE £ 3
AA 7L 9loise, CIER A= W.D. Wright2]
RGB R AAINE ZAZ dle CIE,,; XYZR
AA(BE, 25490, ClEg Xi16Yi0Zi &
AA(RZ2EF, 10=4]°)™, ClE» L*a*b*
FAAE WA S o}

A zLe] FA g ofzybie] gle} L*
a*b*JE Al otE M4 AE*ab=[(L*)*+
(a*)2+ (b*)?]¥2, Huntere] x4 AE=
[(L)2+ (a)2+b?]"27} & Kuehni%?"2 A
E7} lojstelsd #ZAe} 50%7F Mol 4A 3}
= Aoz dAgdn s,

Bl EFFUA,C)F A23Y (Des,
Dsm Dsss D75) °] 31_0_‘,4 ?’1’ “']' °]’°“*‘] 7L° ‘u
22 dolg] F EAl7t FYE HElde A¢
of Ajo] =wtebx] Mol =715 (metamer-
ism) o] vebdch. o] w F EAE metamer-
ic pair (metamer)¥2} sl FEA 7S] Pt
A At A Aolz qla AL RV
ttz 7] wFeloh, 2eug AHAZA Fgz
29} 379 #4357t 2= FAL A G
Aol A RE s} Weo] nE FXE I
¥+, 2 CRl(color rendering index)7} 100}
717+E Co Des 30 & A™sle Aol £}

w o

<

.1|)I

b HMERe] MEHE U AR}

CIE;ps; XYZEAA] Vet £ A A
#}(Table 4, Fig.6)& Asx= x,y3ke] M,
CNA#Hg oz F7MglEd o]+ red, green
Alo] el d-S 2lv]3le] Brewers%o] #a)c)
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CIE\ss L*a*b* ZAAIC] epd 2 A9
73} (Table 4, Fig.7, Fig.8)el4 L*: M,
HAJ#Holl Al 23 C,NAlHo| & 43t o).
o]= Brewerd'"e] dTAzel At} o]
S0 ATATets Aeldtel. Lr(HExA4)
o] #3138 ceramic metal conditioner T2
o] 7} S43Act. a*s} br*e H$ol a*
o Feole 2A gov b*v M,C NAHEL
E FF3R Ao wdo] By ol

4o WEde MHErh E AFFE =AE
A€ oulglg.  brel YolMw o5 o
A} AL YA Fc}.

Limire & Burk®& =z}l z]ole] A =zziite
4l Hunter®] Lo| 56~84, a7} —3~+4, b7}
+4~+28¢ WFe LG n P, ol
Adx e vlEMAde] boll d He=+E
yellowd & 2|u]dr},

M= c*+= CIE, 6 L*a*b* color spaceel 4|
T2 FAEF(FAMN) A AE: depde 2
Agel ASE FEZ b*y ol #ASdEd,
HAAYE Fa &e NAJ#HolA ¢*7} &
7}k Ao| A (strong) sl =<} (Fig.8,9).

oA FdolA Lol o Ao HAL
green, yellowish green, yellow% 22 333}
I glevt Ao HEE A4 Wzl 4
stazt e A7 AS A 2 7S B A
AAZ 4 F Uk

He A44eed tan )z 54550

5

>

]
A

color spaceollA] +a*Z % zhAlslo] viehut
£ #3Y 4=F vehie HEAGE 23
Munsell®} A4 % HZ= 347 4 3l

;],66.80) i

Aol Aegk Ao AT, 2 oolfre
Munselle] Zaj¥e 4¢ Azdzdoz 2
3 ZHez C(ClE,y, XYZ color spacevt
CIE 56 L*a*b* color spaceollA] &3 %
5 ®olx 7] wifelch.

A zpeg ol QleiA FEF2| Al
A 71AY W 8A] 7|z e A
pigment) o] FF3t=ql EAJoju} =
& "o o] AE, B APoME Lo ¢
g Ao HAlo] AztH o2 HAog W

=25 3F3
4 (dyestuff,
o

AN polAzt ApeHel EHolAE A
o wstrche Axe Frjol ostd Aol

U A RAg o & Al

Walter®®+= Pors-ond g AH&3ld =& £
4% Munsellel S4A2 W48 BIRE
Hoshsel HAMAEE ARA we Aol
Aol 37H0.6), 449l F£0.4)F e
o e,

Ay el L EEAR sz
Addste Aol Aol Yedl  ceramic
metal conditioner £ ¥ % o] carbon block ©°]
¥ $5side A7 Jd(Fig.9).
=g Mgt o] &g Alua WItg ALE
A e AAe Azsbel Ao glales
MAREL Fool5ol o8 Aoldee d4
ARt (Table 7).

>

+4%d e, NAJ#HolA 900ppm, CAj#H ol
4] 400ppm, MA|Ho|A 320ppme] &o] A&
d AL "G o] Frlol ol A AAL
Fota Azuwste] ZHANdE dHdog,
il
;
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o] 5™ AAm|AEA 4] 2ol =AFoE 10
pm7tA Btz F4Ye}. 22/ Payan,
o] 5ol o]&3 AAARYYL EANFoE
gar8l 249 FEIF 0.1%018Hl Agele
Erhsslez 248 59 FAHdde
gA7E Ak, EAGolA Adde] ¢S
—‘E = ’Sppmﬂ‘:O]ﬂi

Z.7} o]

3 FrE2AeoE 33
o2 51}19] AEE F43e ol F54%
o el sxitelx 44 FAAH L &+ UL
Rolch. azjmz & AFAAE =AY 5
PARNE-3 ul]-‘-}u_}o 2 #Axldled ZFH(vaporiza-
tion)oll & 29 olFutE: FAHdA F7lo|
Ry °J"o}9,iﬂ} g BA[ oA 100
ppme Curt A2d AL MzaAA4] Pyr¢
et A §38dn 2y O'Briens*o
Kubelka Munk reflectance theoryol| 23 F#
49t Atglo g wiZMzxe o3& wiAE 4+
de =AM FAL HAF 6mmojAolofok
o slgoenz B Aoy Fod3 34 1
mmZE FEAze] g ¥R ¥Udx
24 £

C}. HAMEE 9 HAUX|Y

Tz 249 Anz Lo o =4
o] HAzg = HAMAW S metal phase,
vapor phase, porcelain phase& TE3je] A
w3tz g}, (Fig.10)

1. Metal Phase

EAREAAN (2L, AV Foee 29 &
& 24¢ 3Hos A4Ed 24IAY £
3 229 249 Ao 2A ALY Ao
2 2.

2atapo) 5~8% olakal A% =Ale WAL
Qe sht ole F-9F FEoAY &3
golm -2l E EF A4A)
U Ao 2452 23T 0%l 1
£ A1 7171 EBslogressag gk, @3 Lacy
Emo A Z2AAL dold LxolA 7L
Agstd 2o] AlstA AgtslHA Eoz of

Foon sdch. el F4IAY L% &

CREEERC RS EEE It L E

¥l 4Aoz BaPeh e L4
%

g7t estd AgHol Aad 5+ Yo, TF
9 3" dHo] 55 A2 Tx, 7|

webe &9 2 gokdd. ez
€ AHE FAl £48=RE FA X

Az olo] F&4£F o] ol AL AH =X
st el e 4 e o 7ol ceramic
metal conditioner =X gold metal
conditioner £ Z% o] glc}.

ZaodlE opaque£Alsl7] Ao  ceramic
metal conditioner2 243 X AAlo]E A2
AFBezy A7t S43dn o
Yamamoto®™& ZA g o] §3kS vlAdan 3}
Ak, 2 B2AFP6A 9 o] opaquedtA
3o &4 Hudol cermic metal conditioner&
=22% 75 A¥AY Asglel 29 FLE
9E 4 g Aot £ A A&
ceramic metal conditioner?] <UE<l Gold
man Liquid9 A #e°], £9¥F liquid
chromatography2} NMR spectrometer¥4 ol
A] ethanole|z £A-& 2 F4 zelza €3
F37IE ol8d AAEAHAN AREAAS
glass former® B,0,, flux\y} modifier®

r°“

porcelain in porcelain
phase
Nat 2Ag0+ Sn**— 2Ag" + Snt
(yellow)
(Ag:0) :
vapor . temperature
phase .pressu}e(Chpartial pressure)

metal Ag Ag content of
phase Metal (Ag) alloy surface

Fig. 10. Diagram of silver vapor transport
mechanism.
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Ca0, Na,0, K,02 #4970 gelsigle
2 QgEduch 44 2e £

AL E QHDepso, ol
A sl ghe e YHTeEA L9 FU
2 %3 A7 e B7he (58 Na,0)
F3n glel FUsE
2 94¢ YA dekn Lo},

Sl AL HAZEo I WA
T4 7helr] A8t A HARA] F45xF
€ ZAZ wEelth. AA FHAAANAE
ceramic metal conditioner® 2% & ¢ o
Aol Az A4 Qe 9bF g 2
o}

23tgke] 5~8%c°ldal & AEE AL
of EAEAel gePor unE 2AZat
24K colloidal gold® TA% gold metal
conditioner***9 & x 2 35bd JF I A F
o gepol FolAn AdiHoz el ol
Fol WAl RADekn B0, of Wy A
43 AFole SFFE MERE A=
s AT g ot & Ao o3ty =4
o WAL F7)el5el @ Aol T
22 e &% sAd AR Ese
ceramic metal conditipner =W Rt} 4
A B oz £,

Ao o ol

2. Vapor Phase

TEaFdol A AR Y o] HalAiA] &ske
Afolle 29AlZ 29 Fotbel HJoddle do
3l AukelE Aojgdozd HAL WA
T4 7t A& Aot

et 2-2¢a Y Azl AFHE F
Aoz 49 Aert AA= e Aol &
=9 71gte] FJeASHA HAp0. maje] £4L
2&2 = 719H(0.11-0.04atm) 3ol A o] F-of A
o A4 7 AR EZ] eleleld}d. Tuccillo®®+
2o ¥re 259 ghelo] BYH o Beld)

3 17)1gksloll A= 1760°FollA] o] Zwhsh}
Zlgto] oA nre} Fo gxold Fubilc)
3l Raub5592 1714}, 1652°Foll A= et

gL £330z Hqldul glon] 29 3dtato
F7tgrE Agkgds s ARG g,

Weylt92 Fboll 23 metallic silver®] =
AWz o]FL A4 (0,) 7} wiA = A -F 3}
Ae doival ga Ak4rt Arbsd AzEc
I 3G ol Ak} Z&3l Ag,09 ¥
7} sjojol o] AUE AFL 4 ULS
Al Abeka gt}

2y =A9 £A4AHAdA &2 JhE
ez zA}re Zasid. 2 o+ A
FTEAE ARAE 4242525 1750-1800°F 7+
Az ool dA ol4y ZEE d& 4 Yx
=L 7 E AAGNY A 2 JgE
FrA s o5l 7l wFolch, mejmg Aol Bt
<+ LA o] SU14HE] 29 FYx
T 24T 4 Y= T4 wgold Al
carbon block-& o]&% FHA-L97] =AY o)
2=, a9 £429 o 295
g 4 9.

HAs Aol N3 HFE Ao NAgHe A%
900ppm, CAlH2 7% 400ppme] 2% ko
FA" AL £42 Ui YolF w47t &
=453 @A AbLsl A#sle CO gast: 3
Atz CO/C ol s 4bae E<tel
4% Adeln A4, § 29 o] A
2 ALE AaAFeZH Lo AR
ol #es 4z, Y carbonAtg-A]
AN o FE5AE JdFE Fof, F
Ag o] vehta® HAldoe] Aldle] 7] 29
HAol @ glazingA FHEE7t ¥, 2 4
Yol Al = carbon blockg ©]&3% CAlHo] A
Aoly Ajxo glojAd Ewiste glgley HE
b A4 Fad RAE ¢+ Uk
Yamamoto®+ carbon blocko]-&AldlE. T A
o] A¥Hols Aol el nud w9
o},

<8 FIIHE 237 A% = oA o

< Headt 2425 F A Add o
7lel £ opaque £AZE7} FAlY wjato]
t}. opaque?| 442 E 4 oxidation® s}
< ZxolA A #sl=d o] w) 29 Futzl o

—
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Fol HoE dojutth. o 7FAES
opaqued] £ALEE WA = Ao Y=
ol A" T4 Hojxm gk, e 2167
£ 1760°Foll A opaque® A£AE 29
a4y gidn 9 Dalmau'¥% ceramic
metal conditioner £ Z¥ 3 opaque?| under-
firing2 #43n 1760°F 2 AR E WA
EAE £447d 2o 93 wHAL UAF
T otz sgch. 2oz sbeehd R
o4 £A45E AFEAE ALl AR &
A Aukzle] g wdo] & 4 gl

Loz 24d%l £A42E o83ty e
-2gEE ARREA g8 AHE WAs stm
ool AAE 29 FUlolEE A
e Aolx Al &FAFH] 3
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o oAy dAAaAo]
AHERE A2 o 4

Aol £d3d 29 4gs W

& = A9 uhojet AA4get.

Yamamoto®= 33 AA4Z7 433 &
Aerct 22 24F AA} &eldtda
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Co.}) & A&§ 7% quartz glass® A zH=
44 2 (Inframat, Vita Co.)ol4 Et} 24
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3. Porcelain Phase

Fomiozye Arpge g o
=] H 2
vy T <]
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e Aze o 2o,
Tuccillo®?+= Ag,07} glasst & o] 383}
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arzi7b dae AMAL 29359 (.406¢m
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B
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12 5 0

2L 2o o3 F29 FAL FelFl
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TirvEs A7HE AABYAGL ARNAY o)

2] Ces /1T A4S zAbstd FaHA
ARG AAHA o] FoAlc},
2Ag**+Sn**—> 2Ag" +5n**
(3Ad)

Norton*2 Ag*7} 4L A2 Foi7}
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7} Ha dAYAAE AXE dAFE o4
2429 27|17 AR 2 27l wet w4
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g HAg e d whe]l # Aol
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