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AN EXPERIMENTAL STUDY ON THE CHEMICAL BOND
STRENGTH AT THE INTERFACE BETWEEN PORCELAIN
AND SUCCESSIVELY RECAST PALLADIUM-SILVER
CERAMIC ALLOY.
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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 evaluate the chemical bond strength of successively recast
Pd-Ag ceramic alloys with porcelain and to investigate changes of quantity of trace elements at
the metal-porcelain interface.

Porcelain was fired as usual manner on the each successively recast specimen. Rectangular
planar shear test was performed and bond strength was measured by Instron universal testing
machine. Diffusion of trace elements at the each interface was observed by ESCA (Electron
Spectroscopy for Chemical Analysis).

The obtained results were as follows:

1. Chemical bond strength was significantly decreased after second recasting. But in case of

first recasting, there was no significant decrease of bond strength statistically (p < 0.05).

2. Bond strength was not significantly decreased in each generation, when fifty percents new
alloy was added (p < 0.05).

Ag,Snand In were observed atthe porcelain interface. But Pd was not observed.

4. The quantity of Ag, In ions were progressively increased at the metai-porcelain interface as

the casting was repeated. Silver ion was most significantly increased.
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Fig. 1. Metal mold for wax pattern
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Fig. 2. Highly polished specimens embedding
in resin block

_.33...



duix Aol AR PdE FAY +
Qxe 37 Sk, APHE FiHgol A
232 o F, 42 2o3dd. AF
Aepy, AlHG FAolA F3ld, 107 =
<3} Al A8,

EALEE FE4A L
e AESer F23 :?, 2 A FEate
2 AdA AF2E st A JF=2F
o AQyEute s WA HF2E 3o, A
% 437A AF2IHYcH. BEL AFFeE

728 ¢ ¥ 2 AALEH A5 AL
27 AAAA 2R, 2 AL AT
4o FAMZ FWA:D HES 4e
%, oez AMA AFZE dsich old
e B4R AFEE 94 TP 4L
%, SuA AFEE sol, 94 48 AF2H
g, ol% =Assd Fig.3s 2o w3
L L SoumABdel o BAAA B
AHNEAE AAT ¥, 1082 285 AH3

o AAEHA. % T 10449 Ade
Azstel, £3 049 AHE Yl A3
.

A A2 AS M
Surplug ~| Sarpius ~| Serplus ={ Surplus
of C of M of A2 of A3
Control
Nes
motal B = B4
808 Surplus | ~ | 60% Sarplus | = | 50% Snnlu =+ | 60% Surplus
of C of Bl of
* 50% N.M. + 50% N0 GDINM. + 50% N.M.
.1, =New Metal,
C. <Control)

Fig. 3. Preparations of specimen

(W) AR A3A

BE AdL =A2e4 980CE 1087 £
EAA A% Aad. A"HE EARelA
AYAF F, A3 49 A"E 52 &
o] A& AMx, 95% ethyl acetate® Hsk
o, =A% 24T w7A 298 7198 v
o]AZ Yo AuE B,

(xh) =9 4
252 odulsl AYHe] Ceramco =A] #59
Paint-O-PakeS #o8 3% =¥3lx, A

z3Ake] A2 aAsY Y. Paint-O
-Paked] %77} 0.2mm7} =& 3o,
2 Yol #59 A2EARLL o] &3l FAF
A, =AFAHA FH5dE =A 275}
TUFEE ziad FYE AL (Fig.
4), Ceramosonic (Shofu Co., Japan)& °|&
e 3ol v2A ¥ =i7A s
(Fig.5). Az3] AL l/‘l“ﬂi £A4% 3, &
AR FEARRD T2 FAE #220, #
400, #1200 SiC A=A = qiu}}-%‘ stk g
Axl A19-L Fig.63 7},

Som

=8

j
/:' Z ) Som
~— v
4mm \W
[N [
o
A
10mm PO ol & T
e o TN
/” :',L--: S
J \i n._-u'
Amm
4am

(=) ARARA=E F3F
AR2AHA Fig NE Adsiel ARE
A7 F, QJEEE WFAHEI= (Instron

model 1127) AR3=E £A33(Fig.8).
chart speedt 50mm/min, cross-head speed
¥ 0.5mm/minZ 3. 7 A|He APHS
caliperZ %33, Agde HAA L F3f3,

- 34 -



Fig. 6. Finished specimen
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Fig.8. View of mea_suring the shear bond
strength

Fig. 9. Plastic mold for porcelain condensation

Fig. 10. Specimen for ESCA anlysis
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Fig. 11. Schematic diagram of ESCA

Fig. 12. Enlarged view of a sample in ESCA

@ 253 =AY Aol LA

2 Ago AH8% ESCAE Perkin Elmer
PHI 558¢|9 (Fig.13), A@=74-L Table 29
ek, 2A9 F49 AgHL vER ¢
opgl AJAL o]Lded, REZ dvid Al
}Z ¢ plierz A2 ulEe =A% F5L
Aol Belsldel. RE AHo] FAlFolA
=9 24 Aol FH e, WdNl
2E sAe AEEe] & AFE Ao
AgAHolE 4FE FAgeo=2 FAAY
t}. o|E4 ESCA AAAY 7] lmmol=
2 1mm2o|Aut 4ol 235w Aol 7%

Fig. 13. Overall view of ESCA (Perkin Elmer
PHI 558)

s, & AjEg R 4 A 2 HF
=& T dgenr AHoE 5Smm X fmm
o] A =lojok sl53dlcl, B Ao AL AH
2 =A9 A7o] dmmernz oA ¥
7} e, AZE-AHL ESCAel & 715"
% ¥ (Fig.14) ol A peak heightE 3tz 7|#
¥ojA peak height74xle] =Ag T3
atomic sensitivity factor(Table 3)2 Y% 3t
o2 A3ulasdlgcl. peak heighte} C.P.S.
(Count Per Sec.)& T3l #4& o34 2
o},

Table 2. Experimental condition for ESCA

Base pressure 2.2x 10 torr
Reference source energy Mgk ot 1253.6eV
Source power 200 W
Pass energy 50 eV
X-ray voltage 110V
Entered.DAT 60.0
Time/Step 100
Volts/Step 0.10
Number of cycles 45

Table 3. Atomic sensitivity factor

Pd Ag Sn In
2.0 2.25 285 3.2
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Table 4. Mean vatues of shear bond strength
Kinds of metal No. of Mean value Duncan'’s S.N.K.
specimen (kg/mmz) S.D. t-test test
Control 10 3.78 %050
Al 10 3.59 +0.55
Group A2 10 3.13 +0.53
A A3 10 259 +0.55
A4 ’ 10 " 243 +0.62
B1 9 3.76 +0.48 (321{
Group | B2 10 3.61 £0.53
B B3 10 3.65 +0.50
B4 10 3.44 +0.52
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Table 5. Surface composition analysis of metal side

(atomic %)

Sp%imenComposnion Pd Aq Sn In
Bare metal 578|30.0 | 6.0 | 40
Control 34.7|63.0 | 1.1 | 1.2
A1l 352|626 | 09 | 1.3
A2 36.5 | 61.1 1.1 113
A3 3731603 | 1.1 | 1.2
A4 38.3(6594 | 1.2 ] 13

B1 349627 | 1.1 | 1.2
B2 353|625 | 1.1 | 1.3
B3 353|623 | 1.1 | 1.2

B4 36.0(617 | 1.2 | 1.3
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Fig. 16. ESCA survey scan of metal surface of initial casting with new alloy
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Fig. 17. ESCA survey scan of metal surface of fourth recasting with adding of 50% new alloy

_40_



Table 6. Surface composition analysis of porcelain side

(CPS)
C iti
- omposition Pd Ag Sn n
Specimen
Control —~ | 1302 148.4| 596
Al — |198.2| 160.7]| 65.3
Group A2 — | 408.9 | 199.6| 906
A A3 — 14523 | 224.2] 98.4
A4 ~ | 4035 | 254.3| 95.3
B1 — |188.7 | 152.6| 66.3
Group 82 - 12357 | 160.2| 70.8
B B3 — |290.1 | 170.4] 78.3
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Ao 4L Ba, 44 FF9A F =A
W spAde g 18s A (Fig.18).

Fig. 18. View of fracture site after shear bond
test.
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