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Abstract

A Study on EPMA on Ni-Cr Alloy by Nb content for Porcelain
Fused to Metal Crown

Chi-Young Kim, Sung-Min Choi*, Hyeon-Seol Cho**

Dept. of Dental Laboratory Science, Catholic University of Busan
Dept. of Biomedical Engineering, Inje University™
Dept. of Hospital Medical Engineering, Kwangyang Health college™*

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 of Ni-Cr
alloy, which is 0.8mm in thickness, within the porcelain furnace of 1,000C 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, Oxide film was observed form of the fired specimens with scanning electron microscope
(SEM), and at the same time it measured Electron Probe Micro Analyzer (EPMA).

The result of this study were as follows:

1. Cr oxide film and Nb oxide film were observed from the surface of specimen to be
controlled at a rate of Nb 1%,

2. Nb oxide film was observed from the interface of specimens to be controlled at a rate
of Nb 1% and 3%.

3. The stability of oxide films that treated in air were more stable than treated under vacuum.
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I.M &
FEA R =R T (Pocelain Fused to Metal
Crown: PFM)-& H|AF&4£EE2 HA258E
of FIAA %= FE-EA7Y &3S UE
st 24 B4 E3 S5t 17ke) A
58T dAE A%t A7 EskA 2
Y| oZ| 1 Qltt (Watanabe, 1989; Osvaldo
et al, 1998; Deger & Caniklioglu, 1998.) &
SAREARE HHAES FE22E Ni-Cr
Al &=, Co—CrAl ¥+, Ti 122l Ti-6Al-
4V 50 AREEHI loen I FoANE
Ni—Cr ghao] @3] AR-E oA Qi

Ni—Cr a2 Aaddael visted =214
4o 311 Co—Cr Taoll vlsto 715
do] gzttt WAl Ni-Cr 59 24
2 Ni(68%~80%), Cr(11%~20%)%}+ 1 | %
7FAAE Mo, Mn, Al, Si, Be, Ti, Cu, C, Fe
= ARgste] &84, 3shy EA4e 245t
A Hed 27 94 F Bees 25-2A47Y
Y2 A =S +017] fI5t] H7tEx
UTHIRIFEF, 1989). Lev A HHHE A2
S04 A7) Bed F71¢t wAERI 9
gt =4z QAo FadS THRL Utk
A+ Aot EE HSItH(Tsalev DL, 1983).
agez 2 d5oAdes Ni-Cr &=l
Bef| 9% 41T ¥4=E Nb2 A9, AR
SFATHUIEEE, 1980) Nb = S5733HE
2 e Sl EAiste] dAdT AA8e A
A Tate] Aol 2 4EuEs 3
st AT S8 Addo] $pste] A
AR dao] nFH7IEEE ANEE oA
3L UATHEEREZLARE, 1979).

HIA|A A 25FRAL 2442+ Al He A&t
A & AHY U AHS EPMA
(Electron Probe Micro Analyzer)2 25}
o 4320 FAHAYEHE EHTCEHN Be H
A JA7HAAREA 9 B84 Yot} A+

£ Sastoct

Al# 53 QlE Ni-Cr §29 24L 7]
23}o] Ni, Cr, Mo, Si & H]&& AT
Nbe] 3HFS 0, 1, 8, 5 wtn= BUARE
ot &35 &0 okl EH)E AEE=
$=7F]e] Mo, Nb, Cr, Ni, Si 22 %<
sto] AFFukE(GLOBUCAST®, Krupp
Medizintechnik Gmbh, Germany)Z ©]&,
0.8bard] Mg 2702 &3ljsty = F
£ At 3= Nb-0, Nb-1, Nb—3, Nb—
52 471A & A tHTable 1).
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Table 1. Chemical composition design of
specimens in weight
(Wt%)

Specimen Nb Cr Mo Si Ni
Ni—-0 0O 15 8 2
Nio—1 1 15 8 2 Remainder
Ni—3 3 15 8 2 der
Ne-5 5 14 8 2
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2. AldH H=

D =9 A3} oy 328 A4

a9 4tste o] #ES st A
2mmo]] Zo]7F 10mmQ] A AlH-E FH ol
ot PAFEE sto] Fof 50une] ALOE
sand blastingdtal Al 3 AlgH-Z FH|s}
I A8 A7|12 (Jae Myoung Industrial
Co., Korea)g ©|-&sto] 4tetujut SA8E
AT AT 24 Hrls e
2 EF3tL 700TIA 1000C7H] =&
FAX 3 AFSHA] g2 AdHY 587 A
T AFHOE o] Nb FFER 47} 4
A 279 AAe ARES 2o

(Table. 2, Figure. 1).

Table 2. Preheat treatment conditions for
surface oxidization

Heat.iljg Sta?rt.ing. e Hold time at
condition finishing 1000°C(min.)
(53°c/min.)  temperature(°C) ;
Air 700 — 1000 -
Air 700 — 1000 5
Vacuum
(70 mm/He) 700 — 1000
Vacuum
(70 mm/He) 700 1000 5
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Fig 1. Picture of specimens (Heat treated at
10007C)

2) EA-g= AReEE Agd

a9 A4St urEo] #aES flste] =7
2mmo]] Zo]7}F 20mmQl AR AlHE FH
ot AHUFZE St AFHS BHL 50un
9] Al1203Z sand blastingdtal Al & ZH
S No. 320, 600, 800, 10009 silicone
carbon paperZ ZZA3%t % 50 ym<e Al203
2 sand blastingdlal steam cleaner(Omec
Co. Ttaly)= Alste] EH|sIt EH|EH Al
AdHLE =& A7 = (Jae Myoung
Industrial Co., Korea)g ARg-3}% (Table.
3> FA 23 3 paste opaquex UA =X,
A48t 1 Yol 7 2 mm9] dentin Z=A|
= S5kl &2 A sthTable 4).
Table 3. Preheat treatment schedule for

metal part of interfacial diffusion
specimens

Heating rate from 700
C to 1000°C(*C/min.)

53
53

Heating environment

Air
Vacuum(70 mmHe)
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Table 4. Firing condition for porcelain part of
interfacial diffusion specimens

Firing Starting and
Powder type environment finishing
(53°c/min) temperature(C)
paste Vacuum _
epaque (70 mmHg) 650 — 980
. Vacuum
Dentin (70 mmHg) 600 — 930

7] H'GPO% Al HS
Mounting Press (MOT— TA2 ()l 2E)7]
7)ol AM1133 (ALPHA, USA)E ©]-§3}¢]
1407l 1500psiZ 4087F st 1%
H A|HE FHRe 14 A HE Phoenix
Beta Grinder/Polihser (BUEHLER®, USA)
£ o]&3ke] #150, #600, #1000 1}
3t 9um 2712k 1um 2719 diamond
suspension (Metadi Suprem Polycrystalline,
BUEHLER", USA)®% 0.05um = 7] 9]
polishing suspension< ©]-83t% Auls
ot 9ol FAE Atstu|dte] g4deo Wt
£ SAsH7] Hste] A2 € AlEe] 2HI
A AetEe] YAHEE EPMA (Electron
Probe Micro Analyzer, SHIMADZU,
EPMA-1600, Japan)Z &43}%t},
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Fig 2. SEM
specimens (heat treated at 1000°C, X
3000) A:0% Nb in air, A::1% Nb in air,
As:3% Nb in air, A:5% Nb in air Vi:0%
Nb in vacuum, V1% Nb in vacuum,
V3:3% Nb in vacuum, Vi:5% Nb in
vacuum

images of oxide film of
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Fig 3. Intensity of Ni, Cr, Mo, Nb, O by EPMA
(Heat treated at 1000°C), A: Nb-0
(1000°C in Air). B: Nb—0 (1000C in Air,
hold 5min). C: Nb-0 (10007 in
Vacuum). D: Nb—0 (1000°C in Vacuum,
hold 5min)
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Ni-Cr 2 ¥9H9 EPMA T - 20X, 21401 =514 | 23

Nb-1¢] 4k} Satel i Cro] Abstalerat
Nb Abshmieo] o] B Hglon] thy]
ARG AHOIH R Astreg ng

flo M

, o2t AT Ee AFolA 2 Nb Ateta]et

=g A o= BEHH(Fig 4).

Fig 4. Intensity of Ni, Cr, Mo, Nb, O by EPMA
(Heat treated at 1000°C), E: Nb—1 (1000
C in Air). F: Nb—1 (1000C in Air, hold
5min). G: Nb—1 (1000C in Vacuum). H:
Nb—1 (1000°C in Vacuum, hold 5min)
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Fig b. Intensity of Ni, Cr, Mo, Nb, O by
EPMA(Heat treated at 1000°C), I: Nb—3
(1000°C in Air). J: Nb—3 (1000C in Air,
hold 5min). K: Nb—3 (1000 in
Vacuum). L: Nb—3 (1000°C in Vacuum,
hold 5min)
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Fig 6. Intensity of Ni, Cr, Mo, Nb, O by
EPMA(Heat treated at 1000°C), M: Nb—
5 (1000C in Air). N: Nb—5 (1000°C in
Air, hold 5min). O: Nb—=5 (1000°C in
Vacuum). P: Nb—5 (1000°C in Vacuum,
hold 5min)
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Table 5. Thickness of oxide layer of heat
treatment Ni—Cr alloy

(unit. um)
Condition Air Vacuum
) No 5min No 5min
Specimen hold hold hold hold
Nie—0 v 8 7 6
Nis—1 7 10 13 10
Nis—3 9 9 6 5
Nie—5 6 8 8
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Fig 7. Intensity of Ni, Cr, Mo, Nb, by EPMA
(Porcelain —metal interface) Q: No—0, R:
Nb—1, S: Nb—3, T: Nb—5
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1 F=3He 4k3tE]et2 Nb 1% H7ollA
Ni—-Cr =9 #FHo|A Cr Atstautat
A Nb9| 4tstujdto] P = Ak,

2. EA-F4719 AW A Nb 1%}
3% Z7tell A Nb Atstjato] = 9ict,

3. Nb &7} Ni-Cr &2 g3 274
£ W7l Foll €A stelS o Atstudt
o] Y= A 3 =}t

dx|E. =4 SEAREIHUE Ni—-Cr &
NbO| AHEol| 0|X|l= &
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