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Table 1. Materials used in this study.

) Commercial Products - Code
Ceramic Alloy Bond-on 4 o
Porcelains Duceram Jackel opaque powder |
Opaque powder 0
Vita Hi-Ceram powder H
- VMK Paint-On 88 powder v

Table 2. Composition and technical data* of alloy Bond—on 4.

Compositiont, % )

Linear Expansion Coefficiency{mm,/ml)

Melting range(C)
Vickers Hardness No.
0.2 % -Proof-Stress( N/mm®)
Tensile strengthiN/mm®)
Elongationt = )

: Pd(79.7) Sn(6.5) Gal60) Cul50)
Au Pt Ag Ru(balance)

 (25=5000C ; 13.7

CC25~—600) T ¢ 14.00

: 1155 1260

L 260

T

. B30

- 30

*Manufacturer's data
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1. HEiE

EAARE o 2= It 3 (Bond—on 4)
S =A BUEE Duceram EAAYTE core B
I} =T AT opaque £, 123 Vita EA)
RAATL core B9 Hi-Ceram)Tt EA|AZAAZ2
4 opaque HZ(VMK Paint-On 88)% AH-aHgiH

2. §EEM Y EEE =3
7t AR AEEAS EDS(Energy

Dispersive X—-ray Spectrophoto meter, Oxford
QX-2000, England)& o]-8-5te] AstlaL = &
3% += MALVERN Instruments(MALVERN
Instruments SB. OC., U.S.A)E o]&-slo] B4l#}
473} JERTRHE T

3. YA £

1) AlH [z}

T ] GFAS S8 AUARE fsto] &A
S Az A 8k= 2] special liquid2t
Tkl ZEo FYste] 4, AxXT T A=A

= o|-&sto] A3 A|Alo] whet AAdsteiTt
2H =AAIES A% tholol2= Aotk Beuhler
Ltd., Germany)2 Adslo 4943 =4 7]
(Dllatometer Motoyama, Japan)2| 72 %= 1
X8X40(mm)9] A|HO = A&Fst o 7t EXH—F_'—‘?J
oheh 1704, & 4719] S AlFstaiTt

2) GZMEEE0 £ ¥ FUAAI| Al

= AHO YA olE micrometer® 43 &
A7 4 =4 7] (Dilatometer Motoyama, Japan)
& olgdto] AZLEAL 25-600T, 2= A5EE



Fig. 1. For the dilatometric measurement, Bar—
shaped porcelain specimen was prepared with the
dimension of 15X 8% 40(mm) after final trimming.
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g AA FAE ol REF sHleH, jig AR 242
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FAA A% AL a4 39 RS BAR|
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Table 3. Composition of test specimens for 4 point flexural bending test.

Group Ceramic Alloy

Porcelaing No.

IG Bond-on 4
0G Bond-on 4
HG Bond-on 4
VG Bond-on 4

Duceram opaque
Vita Hi-Ceram

Duceram Jacket opaque

- Vita VMK Paint-On 88

Duceram dentin
Duceram dentin
Vitadur dentin

Vita VMK 68 dentin
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Table 4. Chemical composition(wt%)of tested porcelains,

Code =il Al K0 Laltk  MNagl)
1 ShaiS  SUlb . E . | N k-4 i)
) aoas 1660 1105 12 1.82
H .55 BI6d A04 0B84 J.10
W U0 16.16  likGH 1.t B4
1" o trace element
LCI* © Loss of [gmition
7 A e FEHA SO0 R ALOY
28l AolE WA 4 Q%o Duceram
Jacket opaque powder : 30.16%, Duceram

Opaque powder : 16,.60%, Vita Hi—-Ceram powder
. 63.64%, Vita VMK Paint—On 88 powder :
16.16% 5-©.2 Uehyet,

39, SiOy= Duceram Jacket opaque powder :
96.3%, Duceram Opaque powder : 69.65%, Vita
Hi—Ceram powder : 26.59%, Vita VMK Paint—-On
88 powder : 59.4% F =& 75|11 it

7let mjEe] HE § =AeEEY Mx 249
2202 TiOEZA), MgORFA), FeyOs(24) 5
0] 0.05%-1.4% AE=E T-3Elo] 91T Vita VMK
Paint-On 88 powderdl+= TiO.7} 6.16%= H|u%|
o] BfElo] e

A2 AARZ H7FEE NasO, CaO, MgO, ZrO,
T 0192014 BA= of 8% A== WAESIH, o]
% NapO7h HlaA =& Hl&S AAskaL lglen
Duceram Jacket opaque powder : 2.17%,
Duceram Opaque powder : 1.82%, Vita Hi—
Ceram powder : 3.10%, Vita VMK Paint—On 88
powder : 6,04%= WEFTE,

w5 AR H7HE= FexOs= Duceram A&l

AEE PAE G =S core R EAAE
A8 opaque 7] FTRE 24H]&2 Apo]
= S

3 494 Eol= Loss of Ignitione A= 437+
Zol| AAEL ofogy 22 FBHE o] EAsH=
Aw0), #2452 #7182(C0,) 527 +4

Fedd, TiO, Zn0 Zrl), Mgl LOI®
019 e | i ' 14
0.2l {0, (K t | .50
i 1.42 (.07 130
I i, 16 001 043
ek

2. 22X 2N
MALVERN InstrumentsE 0|83 d=23x 24
ﬂﬂf: ¥ 59 7% 6] LrERRSTh & 5ol A Lehd
[v, 0.91% Z 10% HYWY FFYAAAL,

)

Table 5. Result of particle size analysis.

Code DIv, 09] DIv. 011  DIv, 05)°

] 62.05pm 1.52pm 117 (um
A Bh.5dpm 1.5 lpm 16.48um
H S22 293um 18.63um
W 4. 6lam 1.ETum 20.02m
*0fw, 08] | mean particle size within maxi-
mum 10%
Dlv, 1] : mean particle size within maxi-
myirmy 1%
Mean Particle Size
g = Sty B T =
| 2y | |'.-<:lf'L'.
| 7 {IBH
| ps] =
[ 1 - | 1|
| bl ||
|
8
&
| o —

']

Fig. 5. Comparison of the mean particle size of
porcelain powders.



[v, 0.1} 24 10% WA B A4S, 212|2
D [v, 0.5 AA Bt A2 Hepditt, 3 5004
U4 Qo] HHFUAA L Duceram Jacket
opaque powder : 11.70um, Duceram Opaque
powder : 16.49un, Vita Hi—Ceram powder : 18.63
m, Vita VMK Paint—On 88 powder : 20.02um 52
2 Ueht 7} SR SR HAETE opaque
o] TGRS core LR T F BAUA
A% e Ao E BEEglY,

A7 o2 g5 (29)9] EFEE6)EA 10
um ©]312] EEfkE, 10-30une] fikr, 30-50me] Hrki,
50um O} KA OZ Lol & uff AJf=A] HF 3
TP 0 2= w|F1ke] "ol &sielou ¢
TERZEIAN(Y6)T FeoA BT 4 gl%o]
Duceram Jacket opaque powder®t Duceram
Opaque powders 10mm ©]3}7F 242 47.0%%
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Paint—On 88 powder:= 10um ©]317} 24z} 30,7%<¢

H |
|

.1 'S p
,l:__ : N“. m s,

27.0% 522 YEY Duceram Jacket opaque
powder®} Duceram Opaque powdero|A] Zn]3d
of QPA} T B AR, E EALIAREE
opaquet BTt EANGRE cored Bl 21
o) a7l te B Ao AL, Teft 30m
olste] fihi77teZ & w& Duceram Jacket
opaque powder : 69.1%, Duceram Opaque
powder : 60.8%, Vita Hi—Ceram powder : 63.3%,
Vita VMK Paint-On 88 powder : 72.4% 522 1}
Ejut 7 EAjko] WTkE A2 wolx) st

Table 6. Particle size distribution(%).

|.|.'u1.1;:l1: srrel pm) | i]____]l_"-_
T —10 ultrafine 470 401 307 270
10—=30 fine 21 207 326 454
A=50 medum 129 138 188 174
S0~ rough 180 254 179 102
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Fig. 6. Diagram showing the particle size distribution of porcelain powders.
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Fig. 7. Representative porcelain expansion curve at
temperature range of 256-600C,
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Fig. 8. Comparison of the thermal expansion
coefficient of tested porcelains and ceramic alloy
Bond—on 4 at temperature range of 25-600C.

Ceram : 5.83%106/T, Vita VMK Paint—On 88 :
2.69x10°%/C S22 Yepgtt, Vita Hi-Ceram &=
A& 22} Bond—on 47+e] AW A 247} 74 7o
ol 2 AFoA T 44 T YA &
A2 5ol multiple crack® YFeE Yebgtt
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Fig. 9. Specimens after 4 point flexural bending test.

Table 7. Bond strength(kg) between porcelain and
metal strip from the 4 point flexural bending test.

an:-upfl";n.l_ES-lfu_ T 8 9

JG 106 89 44 &6 50119 &5 73

[ H 92 B4 30 BF 95 72 48 71 K9
Hiz I3E M2 1T 164 3127 M2 184
Viz J[E‘ H.E 06128 106 12] RS 107 M8

ols BHAY S ATsHALA Jacket
Opaque Group¥ Opaque Group, ¥ % &21F
Duceram Jacket Opaqued Vita Hi—Ceram,
Duceram Opaque¥}t Vita VMK Paint-On 88% 2
way ANOVAE H53h A3t 27+ Fgro] 5,01, 33.83
O& JOE a = 0.0524 FATHOE {3t A}
o2 EAtH(p(0.05). A% BlALZA Duceram
Jacket Opaque, Duceram Opaque, Vita Hi—
Ceram, Vita VMK Paint-On 889] Zzto| tjgt ¢
NdZ T-test® HST 2 AA|H o= Fglol

Table 8. Mean values of bond strength(kg) from the
4 point flexural bending test.

Group No. of specimens .Mean(S.l].:I_
1G 4 B.56(3.33)
0G g £.56(2.14)
HG 9 16.13(3.05)

- Vi 8 119301 82)

14,612 G9)4% a = 0.012H BAS 202 F94
o] 91%lem(p<0.01), JG& HG, HGS OG, HGS}
VGl G242 o = 0.052H4 A o2 §9
3k 2polE H Yo o(P(0.05), JG2F OGTtol= EA5}
Ao Folgt 27} ¢lolch T-teste] A= 3 99
Lreh Sl

Fig. 10. Comparison of the mean flexural failure
loads determined from the four point flexural
test.

Table 9. T—test for mean bond strength.

Group HG 06 VG  Fovalue
JG 569" 0.00 253" e

HG 5.69"° 3.16""
OG 253"

** | significant, p<"0.01 * © significant, p<_0.05
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Legend for figures

SEM micrographs of tested ceramic powders

a ; Duceram Jacket opaque powder(Xx 5000)

b : Duceram Ioagye oiwder(x 5000)

¢ ; Vita Hi-Ceram powder(Xx500)

d ; Vita VMK Paint-On 88 powder(x2000)

Photomicrographs of surface of porcelain after firing(x15)

a;JG, b:OG, c; HG d;: VG

Photomicrographs of posttested metal surface at metal-opaque porcelain interface(X15)
a;JG, b:0OG, c;HG, d; VG

Photomicrographs of posttested opaque porcelain surface at metal-opaque porcelain
interface(x 15)

a;JG, b:0OG, c;HG, d; VG

Photomicrographs of posttested metal surface at line of force application(x15)

a;dJG, bI0G, ¢ HG, d: VG
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=Abstract=

A COMPARATIVE STUDY OF THE PHYSICOCHEMICAL PROPER TIES
AND BOND STRENGTH TO METAL BETWEEN THE REGULAR
OPAQUE POWDER AND CORE POWDER

Jang-Seop Lim, Chang-M o Chung, Y oung-Chan Jeon

Deopartment of Prosthodontics, College of Dentistry, Pusan National University

The purpose of this study were to investigate the chemical composition, mean particle size, linear
thermal expansion coefficient and metal-bonding strength of the regular opague powder and core
powder.

In this study, 4 types of ceramic powders, namely Duceram Jacket Opaque powder, Duceram
Opaque powder, Vita Hi-Ceram powder, Vita VMK Paint On-88 powder were used. Chemical
composition was evaluated by EDS(Energy Dispersive X-ray Spectrophotometer, Oxford QX-2000,
England), particle size was measured by MALVERN InstrumentstMALVERN Instruments SB. OC.,
U.SA.. adlinear therma expansion coefficient was measured by dilatometer(Motoyama, Japan). Bond
strength was measured by the Universal tsting machine(lstron Co., Ltd., U.SA.).

The Results were asfollows:

1. Through recognition of the relative difference in chemical composition between the core powder and
the regular opague powder, the difference in the proportion of Al,O; in each type of material is
demonstrated ; Duceram Jaket Opague powder : 30.16%, Duceram Opaque powder : 16.60%, Vita
Hi-Ceram : 63.64%, VitaVMK Paint-On 88 : 16.16%.

2. There was no significant difference in the proportion of metal-bonding materias between the core
powder and the regular opague powder.

3. Intheregular opaque powder, akaline materials were incoporated in order to increase the coefficient
of thermal expansion.

4. Inthe particle size analysis, there was no significant difference in mean particle size or in the particle
size distribution between the core powder and the regular opague powder.

5. In the thermal expansion test for temperature range of 25-6007, the regular opaque powder had
higher coefficient of thermal expansion than that of core powder.

6. Inthe4 point flexural bending test, there was no dtatistically significant difference in the mean bond
strength between the core powder and the opague powder among the Duceram products.



