- i shx| Bte M7 | s W EHekel x| 193 43, 2003 -

HoIN BHT LHEHOZ AHE FTEN
2&-=A 33 22iH M43

Mechanical Properties of Precious Metal-Ceramic Alloy
Joined by the Laser-Welding and the Soldering Method

Jung-Ran Oh, Seok-Hyung Lee*, Yi-Hyung Woo

Department of Prosthodontics, Division of Dentistry, Graduate School, Kyung Hee University
*Samsung Medical Center, College of Medicine, Sungkyunkwan University

This study investigated the mechanical properties of precious metal-ceramic alloy joined by the laser-welding and the
soldering compared with the parent metal. Twenty-four tensile specimens were cast in precious metal-ceramic alloy and
divided into three groups of eight. All specimens in the control group(group 1) were left in the as-cast condition. Group
2 and 3 were the test specimens, which were sectioned at the center. Eight of sectioned specimens were joined by soldering
with a propane-oxygen torch, and the remaining specimens were joined by laser-welding. After joining, each joint diameter
was measured, and then tested to tensile failure on an Instron machine. Failure loads were recorded ,and then fracture
stress(ultimate tensile strength), 0.2% yield strength and % elongation calculated. These data for three groups were subjected
to a one-way analysis of variance(ANOVA). Neuman-Keuls post hoc test was then used to determine any significant
differences between groups. The fracture locations, fracture surfaces were examined by SEM(scanning electron microscope).

The results were as follows: 1) The tensile strength and 0.2% yield strength of the soldered group(280.28+49.35MPa,
160.24426.67\Pa) were significantly less than both the as-cast group(410.99+13.07MPa, 217.82+17.99\Pa) and the laser-welded
group(383.56+59.08\Pa, 217.18+12.96)Pa). 2) The tensile strength and 0.2% yield strength of the laser-welded group were
about each 98%, 99.7% of the as-cast group. There were no statistically significant differences in these two groups(p<0.05).
3) The percentage elongations of the soldered group(3.94+2.32%) and the laser-welded group(5.06+1.08%) were significantly
less than the as-cast group(14.25+4.05%) (p<0.05). 4) The fracture of the soldered specimens occurred in the solder material
and many porosities were showed at the fracture site. 5) The fracture of the laser-welded specimens occurred also in the
welding area, and lack of fusion and a large void was observed at the center of the fracture surface. However, the
laser-welded specimens showed a ductile failure mode like the as- cast specimens.

The results of this study indicated that the tensile strengths of the laser-welded joints were comparable to those of the as-cast

joints and superior to those of the soldered joints.
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(Au), (Ag), &(Cu)®] FFo] o] A &el w5 (Fugivest, GC Co., Japan)°ll W&, Aw&4 5455

T8g aadeE As d T 9 Al 35 (Degudent G, Degussa Co., Germany) 2.2 5
e dolA A w3 A= pure 23S TH(Table 1).

titanium 2} titanium alloy < B v S wal FZ I FZ A F BAEE o= AES A
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Table 1. Composition of Degudent G material
(Degudent G, Degussa Co., Germany)

metal elements % by weight
gold ( Au) 86.0
platinum ( Pt ) 10.4
B 14 5 rhondium ( Rh ) 1.6
Fig. 1. Test specimen was fabricated according to iron  (Zn) 0.5
fabrication specification of ISO 6871 for indium ( In) 1.5

casting gold alloy (Unit : mm)

Fig. 2. Acrylic resin was milled Fig. 3. Tensile specimen cast in  Fig. 4. Tensile specimen was

for the uniform precious metal—ceramic sectioned at the center.
speciment fabrication. alloy.
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. Specially designed holding device was
used to keep two halves of sectioned
specimen in contact.

b, The soldering gap distance was kept in
0.25mm for all specimens of soldered
group.

¢, Indexing above condition with pattern
resin..

d, Investing the specimen indexed with

soldering investment.
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Pattern resin(GC Co. Japan)= ©]-83}o] 14
A7l & 328 mlEZA(CM soldering investment,
CENDRES & METAUX SA, Swiss)E ©]-&3}o] vl

&3} thFig.5. a-d). pattern resins A A &, Aot

Fig. 6. a, Soldering with a propane—oxygen torch
b, A soldered joint after finishing

o]  fluoride”]  flux(Oxynon”, Degussa Co.,
Germany)E =¥}l F&-8 5492 = Degudent
“_Lot G1(Degussa Co,, Germany, Table 2)S A}-&3}
o] gas torch™2]( propane- oxygen torch; 1010C
-1030C) o2 F&As 3, F -9l carbornudum
point= VHF2] 3} Th(Fig.6. a, b).

3. 2ol 27

go]A &5 Aldst7] Hell beam®] A
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TAFSEAL carbon markingS $HCh

th(Fig.7. a, b).
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Table 2. Composition of Degudent®—Lot G1
material (Degudent G, Degussa Co.,

Germany)
metal elements % by weight
gold ( Au) 64.0
platinum ( Pt ) 0.4
silver ( Ag) 349
rhondium ( Rh ) 0.2
indium ( In) 0.6




Fig. 7. a, Specially designed holding device to
hold the specimen during laser—
welding

b, Specially designed holding device
was used to keep two halves of
sectioned specimen in contact as
close as possible.
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Fig. 8. Alpalaser (Alpa Co., Germany)

Fig. 9. A laser—welded joint

exhibited a shiny silver

surface. It was accepted

as suitable welding quality.

Table 3. Technical data of Alpalaser(Alpa Co.,

Germany)
laser crystal Nd:YAG
wave length 1.06m

average power

35W, optional 40W

peak pulse power

up to 5.5kV, optional 9kV

pulse energy

10mJ-55J, optional 75J

pulse duration

0.5-20ms

pulse frequency

single pulse-10Hz/continuous pulse

diameter of focal spot

0.2-2.0mm, continuously variable

depth of penetration

about 2.0mm in gold
about 4.0mm in Co-Cr/Ti

focus setting

motorized
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Table 4. Ultimate tensile strength, 0.2% yield
strength and percentage elongation of
the precious metal—ceramic alloy at
as—cast condition

Table 5.

Ultimate tensile strength, 0.2% yield
strength and percentage elongation of
the precious metal—ceramic alloy joined
by soldering Statistic calculation was
performed except No. 8 specimen.

specimen| ultimate tensile | 0.2% yield .
% elongation
No. strength (\Pa) strength (\Pa)
1 218.49 161.10 22
2 238.89 138.09 3.8
3 390.52 157.82 5.7
4 316.36 123.16 8.4
5 250.26 174.25 23
6 251.66 160.11 2.8
7 295.77 207.13 24
8 50.83 50.83 1.7
mean 280.28 160.24 3.94
standard
. 59.08 26.67 232
deviation

Table 6. Ultimate tensile strength, 0.2% yield

strength and percentage elongation of
the precious metal—ceramic alloy joined
by laser—welding

specimen| ultimate tensile 0.2% yield % specimen | ultimate tensile | 0.2% yield % elongation
No. strength (MPa) strength (MPa) | elongation No. strength (WPa) | strength (MPa)
1 413.41 230.15 15.8 1 357.94 192.60 42
2 406.19 197.27 14.0 2 457.53 218.91 6.3
3 416.32 210.42 19.9 3 355.61 21891 43
4 404.39 203.84 11.9 4 418.75 223.25 5.7
5 428.39 200.56 17.9 5 373.29 234.01 5.0
6 384.69 217.00 8.8 6 335.07 222.68 43
7 420.48 240.01 16.6 7 328.38 203.81 3.9
8 414.10 243.30 9.1 8 441.87 223.25 6.8
mean 410.99 217.82 14.25 mean 383.55 217.18 5.06
standard standard
deviation 13.07 17.99 4.05 deviation 43.95 12.96 1.08
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Fig. 10. a, Stress—strain curve of the precious
metal—ceramic alloy at as—cast
condition

b, Fractured tensile specimen of the
precious metal—ceramic alloy at
as—cast condition
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==
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Fig. 11. a, Stress—strain curve of the precious
metal—ceramic alloy joined by
soldering

b, Fractured tensile specimen of the
precious metal—ceramic alloy joined
by soldering

stress

S

strain

a. b.

Fig. 12. a, Stress—strain curve of the precious
metal—ceramic alloy joined by
laser—welding

b, Fractured tensile specimen of the
precious metal—ceramic alloy joined
by laser—welding

EAA O E FoA7} §l A THp<0.05).
> 3kl BlE) FAITA O ® o] 3l
S 1 tH(p<0.05)(Table 7 and Fig.13).

2. 0.2%&=Z

02%E4Ee] A7 dAFZ2HY 174(217.82
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39 H 02%FEAEE 179 99.7%E LE}
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22 15, 3] HlE| S AT o2 fre A Al

S S B UHp<0.05)(Table 8 and Fig.14).
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Table 7. Mean ultimate tensile strength of control
group and test groups (M)

Turkey
mean SD .

grouping
as-cast group 410.99 13.07 A
soldered group 280.28 | 49.35 B
laser-welded group 383.56 | 59.08 A

A is superior to B significantly(p<0.05).

500
400
300
O tensile
200 strength(Mpa)

100

as—cast soldered laser—
welded

Fig. 13. Mean ultimate tensile strength of control
group and test groups (M)



Table 8. Mean 0.2% yield strength of control
group and test groups (MPa)

Table 9. Mean percentage elongation of control
group and test groups (MPa)

Turkey Turkey
mean SD . mean SD .

grouping grouping
as-cast group 217.82 | 17.99 A as-cast group 14.25 4.05 A
soldered group 160.24 | 26.67 B soldered group 3.94 2.32 B
laser-welded group | 217.18 12.96 A laser-welded group 5.06 1.08 B

A is superior to B significantly(p<0.05).

250

200

150

[00.2% yield
100
strength (MPa)

50
as—cast laser—
welded

Fig. 14. Mean ultimate tensile strength of control
group and test groups (M)

AF2G ) 17¢(14.25+ 4.05%)°] Bl wHe kS
Elflon, ol BASHoR foAdsle= AtolE
8.3 TH(p<0.05)(Table 9 and Fig.15).
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aE x| e} wAWS SEM(XL30, Phillips Co.,
Netherlands) .2 #2388t dA|F=28 ] 1749
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A is superior to B significantly(p<0.05).

0% elongation

as—cast laser-
welded

Fig. 15. Mean percentage elongation of control
group and test groups (M)

AV ThalMagh _Dal WD s 00
MOWED 8 SE 100 P

Fig. 16. SEM fractograph of as—cast specimen of
the precious metal—ceramic alloy. Note
ductile failure mode with irregular and
rough surface (original magnification X
35).



Fig. 17. SEM fractograph of soldered specimen
of the precious metal—ceramic alloy.
Note many porosities with various size
(original magnification X 35).

2
o
i,
32
k]

h
flo
(e
[\)
=
o

f
o
1
o,
i
flo
44
ot

e [o

ool ol il
2o

ot
[\)

o Hir
o =y o
=X
2y
>
o
tlo
- Iz

=
ES
X
e
o oX
T
o L
Efy
% 5 o
_l}\a‘: o OX
O o rlo
o
fIr
3!
—r

>
t
4
N
i
i—‘a
[o N
BN
ot
S
-
-\3
i
o
Y
oo
iy
ok

BUA S S e
]l @A yekd Aot

L
f

3!

oy

A

lo

ofo

oo

rfo

k1

f

. Juy

A

rlo

ofo

oo

rfo

k1

o M

o)

_

o, of\

1o

o of

2

oo

I o
oot

[Ealil
o
B
I Lo
ofo
alo
> o T
e
2
<
N
— &2
o
st
2 i osg
[l

o, & o
=
Ly
g

o<
o
T
IS
o,
=
2
2.
=
ne
SE]
o
)
&
o
R
=
)

Y, Jp ox

o
ol
oo
rd
o
-

o] &t 3} A (tensile fracture)> F2 &< ol A

B o) /27 2909 Ao
A% o) 7L GA 44T ey

2]
2 7S A AU G =S gase] A

>
ok
o=

dolx &4 379 A gAe H|E #lo]A
SR 7 FHAA shalo] WARGAT 17
3wz

Fig. 18. SEM fractograph of laser—welded
specimen of the precious metal—ceramic
alloyshows ductile failure mode like the
fractograph of as—cast specimen ,but
lack of fusion and a large void at the
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