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A study on interfacial characteristics of Ni-Cr alloy by
Nb content for Porcelain Fused to Metal Crown

Chi-Young Kim, Sung-Min Choi*
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Department of Biomedical Engineering, Inje University.*

The effect of Nb on interfacial bonding characteristics of Ni-Cr alloy for porcelain fused to metal
crown (PFM) has been studied in order to investigate oxide layer. A specimens , whici is 0.8
thickness, were fired at 1,0@with four tests such as air, vacuum, air for 5 minutes and vacuum
for 5 minutes in order to examine an oxide behavior of alloy surface generated by the adding of Nb
to be controlled at a rate of 0, 1, 3 and 5. It observed oxide film form of the fired specimens with
optical microscope and scanning electron microscope (SEM), and chemical formation of them with
energy disperse X-ray spectroscopy (EDX). The other specimens, whigh iis thickness, were
fired at 1,000C with air and vacuum in order to analyze the diffusion behaviors of alloy-porcelain

interface by X-ray dot mapping.
The results of this study were as follows:

1. The observation of microstructure of specimens by SEM showed that the more Nb content is

high, the more much intermediate compound of rich Nb is observed.
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2. The surface morphology of oxide film is most dense in 3% Nb. The heat treatment in air

constitutes denser oxide film than heat treatment under vacuum.

3. The diffusion behavior of oxide layer by X-ray dot mapping showed that Si, Al of porcelain

diffuse toward metal.

« Key word : Ni-Cr alloy for PFM, Nb(niobium), oxide film, interfacial diffusion.
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(Table. 2) Preheat treatment conditions for surface

in weight
(Wt%)
Specimen Nio Cr Me Si Ni

Nb—-0 0 15 8 2
Nb—1 1 15 8 2

Remainder
Nb-3 3 15 8 2
Nb-5 5 14 8 2

oxidization
Heating cenditien St?n'inl'?' and g
o inishing i
(53'C/min.) temperature(’C) 1000°C(min.)
Air 700 — 1000 -
Air 700 — 1000 5
Vacuum
700 — 1000 -
(700 mm/Hg)
Vacuum
700 — 1000 5
(700 mm/Hg)
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(Table. 3) Preheat treatment schedule for metal part
of interfacial diffusion specimens

Heating rate frem
700°C te 1000°C('C/min.)

Air 53

Heating envirenment

Vacuum(700 mmHg) 53

(Table. 4) Firing condition for porcelain part of
interfacial diffusion specimens

Firing Starting and
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Dentin Vacuum(700 mmHg) 600 — 930
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(Fig. 1) SEM surface picture of specimens (heat
treated at 1000°C,x1000)

*A1: 0% Nb in air, *A2 : 1% Nb in air, *A3 : 3%

Nb in air, *A4 : 5% Nb in air V1 : 0% Nb in

vacuum, +V2 : 1% Nb in vacuum, *V3 : 3% Nb in

vacuum, *V4 : 5% Nb in vacuum
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(Table, 5) The EDX result of the Ni~Cr alloy specimen

(unit. wt%)
Cempesition .
. Cr Me Si Nb
Specimen
Nb-0 7547 1476 781 196 -
76.44 1326 497 163 3.70
Nb—1
P, 6318 13.78 11.44 4.05 754
M 74401383 584 192 4.01
Air Nb-3
P, 65.381273 9.85 247 956
M 7199 13.06 796 166 5.33
Nb-5 Py 6542 920 10.79 4.32 10.27
P, 56.62 11.38 12.64 212 17.23
M 76971399 8.08 096 -
Nb-0
P, 72811559 897 263 -
M 77651334 493 138 271
Nb—1
P 7405 1214 694 262 424
Vacuum M 70.32 1353 832 202 581
Nb-3
Py 6958 11.98 9.07 349 588
M 7183 1221 821 247 527
Nb-5 P1 65.9910.22 987 449 943

P2 60.64 11.03 12.29 2.65 13.39

M: matrix, P1: phase 1, P2: phase 2
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(Fig. 2) SEM surface picture of oxide film of
specimens (heat treated at 1000°C, X1000)

*Al 2 0% Nb in air, *A2 : 1% Nb in air, *A3 : 3%
Nb in air, 4 : 5% Nb in air, V1 : 0% Nb in
vacuum, *V2 : 1% Nb in vacuum, *V3 : 3% Nb in
vacuum, *V4 5% Nb in vacuum
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(Table. 6> Thickness of diffusion layer of oxide

Thickness eof diffusien

Specimen layer of exide(um)
Nb 0% 56
Nb 1% 34
Nb 3% 61
Nb 5% 52

(Fig. 3) X-ray mapping of porcelain—metal interface.
(0% Nb, heat—treated at 1000°C in vacuum)

(Fig. 4) X-ray mapping of porcelain—metal interface.(1%
Nb, heat-treated at 1000°C in vacuum)
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(Fig. 6) X-ray mapping of porcelain—metal interface.
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