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Comparative analysis on mechanical properties of gold and Co-Cr dental

alloys due to joining methods.

Seong-Kyu Park, Boo-Byung Choi, Kung-Rock Kwon
Department of Prosthodontics, Division of Dentistry, Graduated School, Kyung Hee University

The purpose of this study was to evaluate their mechanical properties after laser-welding or soldering of precious and
non-precious dental alloys. For this study, 30 Co-Cr alloy specimens, 15 gold alloy specimens, 15 palladium alloy
specimens were casted and seperated on the middle area. 15 sperated Co-Cr specimens and 15 seperated gold alloy
specimens were laser welded (GW Group). 15 sperated Co-Cr specimens and 15 sperated gold alloy specimens were
soldered by coventional soldering method (GS Group). 15 sperated Co-Cr specimens and 15 seperated palladium alloy
specimens were laser welded (PW Group). 15 sperated Co-Cr specimens and 15 sperated palladium alloy specimens were
soldered by coventional soldering method (PS Group). Tensile strength, 0.2% yield strength, % elongation were recorded
in nine specimens of each group. Bending strength were record in six specimens of each group. These data for four groups
were subjected to a two-way analysis of variance(ANOVA). The fracture locations, fractured surfaces were examined by
SEM(scanning electron microscope). The results were as following: 1) In the same alloy combination, the tensile strength
and 0.2% yield strength and of the laser welded group with same metal combination were significantly less than soldered
groups(p<0.05). 2) In the combination of Co-Cr/Palladium, the bending strength of laser welded group were significantly
less than that of soldered groups(p<0.05). In the combination of Co-Cr/Gold, the bending strength of laser welded group
were significantly higher than that of soldered groups(p<0.05). 3) In the same method of joint, the tensile strength and
0.2% yield strength and bending strength of the Co-Cr/gold were significantly higher than Co-Cr/palladium(p<0.05).
4) There was no significantly statistical difference between each group in the % elongation(p>0.05). 5) The fracture of
the laser welded specimens occured in the welding area and a large void was observed at the center of the fracture surface.
6) The fracture of the soldered specimens occured also inthe soldered area and many porpsities were showed at the
fracture sites.
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Fig. 1. acrylic resin was milled Fig. 2. All casted specimens
were sectioned in the

for the even specimen

fabrication. center.
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(Fig. 1).
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Table 1. Fracture stress of the solded Co—Cr/

Palladium alloy at soldered joint.

Table 4. Fracture stress of the solded Co—Cr/Gold
alloy at soldered joint

Specimen 17 Fracture Fracture Specimen Lloz! Fracture Fracture
(mm) Load(kg) Load(MPa) NO (mm) Load(kg) Load(MPa)
1 1.4 176.0 280.4 1 1.3 166.0 306.7
2 1.3 164.5 304.0 2 1.3 236.0 436.1
3 1.3 193.1 356.8 3 1.3 164.8 329.4
4 1.3 204.9 409.5 4 1.3 193.9 387.5
5 1.4 129.7 2222 5 1.4 274.8 470.9
6 1.4 165.7 283.9 6 1.4 2315 396.7
7 1.4 167.6 287.2 7 1.3 127.9 236.3
8 1.4 2133 265.5 8 1.4 3154 540.5
9 1.3 267.7 494.7 9 1.4 2135 365.8
Mean 1.36 186.9 333.8 Mean 1.34 213.8 385.6
Standard Standard
. 39.2 82.16 . 58.6 91.1
deviation deviation

Table 2. Fracture stress of the laser welded Co—

Cr/Palladium alloy at welded joint.

Table 5. Fracture stress of the laser welded Co—
Cr/Gold alloy at welded joint.

Specimen Loz Fracture Fracture Specimen Ll Fracture Fracture
(mm) Load(kg) Load(MPa) NO (mm) Load(kg) Load(MPa)
1 1.3 90.3 166.8 1 1.4 80.1 127.5
2 1.1 63.0 162.6 2 1.3 251.4 464.6
3 1.3 71.8 155.5 3 1.4 245.9 4214
4 1.3 105.5 195.0 4 1.4 217.2 372.2
5 1.3 46.5 92.9 5 1.4 300.6 515.1
6 1.3 68.1 136.0 6 1.4 204.6 350.6
7 1.1 87.9 227.0 7 13 104.7 209.3
8 1.3 61.7 114.0 8 1.4 138.5 237.3
9 1.3 96.5 178.3 9 1.4 134.8 231.0
Mean 1.26 77.5 158.7 Mean 1.38 186.4 325.4
Standard
. 19.1 475 Standard 75.0 130.7
deviation deviation
Table 3. Stastical Analysis
Standard | Standard | 95% Confidence Interval for Mean
Mean . Minimum | Maximum
Deviation Error Lower Bound Upper Bound
PS group 333.8000 82.1652 27.3884 270.6423 396.9577 222.20 494.70
PWgroup 158.6778 40.7750|  13.5917 127.3353 190.0202 92.90 227.00

*: significantly difference(p<0.05)



Table 6. Stastical Analysis

Standard Standard | 95% Confidence Interval for Mean
N Mean o Minimum | Maximum
Deviation Error Lower Bound Upper Bound
GS group 9 125.1111 10.9138 3.6379 116.7220 133.5002 106.00 136.00
GW group 9 64.0000 8.0623 2.6874 57.8028 70.1972 52.00 76.00

*: significantly difference(p<0.05)

Table 7. 0.2% yield strength of the solded Co—Cr
/Palladium alloy.

Table 8. 0.2% yield strength of the laserwelded
Co—Cr/Palladium alloy.

Specimen 0.2% yield % Specimen 0.2% yield %
NO Strength(Mpa) elongation NO Strength(Mpa) elongation
1 116.0 6.1 1 72.0 43
2 114.0 43 2 49.0 43
3 128.0 6.5 3 66.0 35
4 138.0 7.4 4 72.0 5.2
5 110.0 3.5 5 40.0 35
6 114.0 43 6 54.0 35
7 126.0 43 7 48.0 6.1
8 124.0 7.8 8 74.0 6.1
9 132.0 21.7 9 58.8 4.7
Mean 122.4 7.3 Mean 48.0 4.7
Standard Standard
. 9.5 5.6 . 12.5 1.1
deviation deviation
GS group®] %k (125.1Mpa)°] GW group2] 3 3. =258k

T 34(64.0MPa)o]] H]3lo] =&

FARA e §o4

0] =

FuPEE

Helom
#fol & E.SIth(Table

PS group2] < %k(147.0Mpa)©] PW group2] <t

AT
10,11,12.) gh64.3MPa)ell WlEle] e FAPLE wHoH
SATAHSE fo Sl AolE HATHp<0.05).
(Table 13,14,15.)
Table 9. Stastical Analysis
Stdandar Standard | 95% Confidence Interval for Mean | Minimum
N Mean o Maximum
Deviation Error Lower Bound Upper Bound
Ps group 122.4444 9.4751 3.1584 115.1612 129.7277 110.00 138.00
PW group 58.7778 12.4677 4.1559 49.1942 68.3613 40.00 74.00

*: significantly difference(p<0.05)



Table 10. 0.2% vyield strength of the solded Co—

Cr/Gold alloy.

Table 13. Bending stress of the solded Co—Cr/
Gold alloy at soldered joint.

Specimen 0.2% yield %
NO Strength(Mpa) elongation

1 136.0 43

2 132.0 43

3 118.0 6.1

4 114.0 7.8

5 134.0 304

6 130.0 3.5

7 106.0 43

8 120.0 80.9

9 136.0 8.7

Mean 125.1 16.7
Standard

deviation 109 253

Table 11. 0.2% vyield strength of the laser welded

Co—Cr/Gold alloy.

. 17 Fracture Fracture
Specimen
(mm) Load(kg) Load(MPa)

1 1.40 26.2 195.4

2 1.35 13.5 68.3

3 1.35 34.8 176.6

4 1.35 33.7 1713

5 1.35 31.6 160.3

6 1.35 339 172.0

Mean 28.9 157.3
Standard

. 7.56 41.2
deviation

Table 14. Bending stress of the laser welded Co—
Cr/Gold alloy at welded joint.

Specimen 0.2% yield % . Ll Fracture Fracture
Specimen
NO Strength(Mpa) elongaﬁon (mm) Load(kg) Load(MPa)
1 52.0 52 1 1.25 19.9 127.2
2 58.0 26.1 2 1.20 315 2227
3 64.0 278 3 1.25 292 186.9
4 60.0 30.4 4 1.20 29.5 213.1
5 62.0 33.0 5 1.25 14.9 93.8
6 76.0 14.8 6 1.25 33.9 216.9
7 68.0 7.0 Mean 26.4 177.6
8 60.0 12.2 Standard
9 76.0 7.0 . 9.12 61.4
deviation
Mean 64.0 18.2
Standard
. 8.1 11.1
deviation
Table 12. Stastical Analysis
Standard Standard | 95% Confidence Interval for Mean
Mean o Minimum | Maximum
Deviation Error Lower Bound | Upper Bound
GS group 125.1111 10.9138 3.6379 116.7220 133.5002 106.00 136.00
GW group 64.0000 8.0623 2.6874 57.8028 70.1972 52.00 76.00

*: significantly difference(p<0.05)



Table 15. Stastical Analysis

Standard Standard |95% Confidence Interval for Mean
Mean o Minimum | Maximum

Deviation Error Lower Bound | Upper Bound
GS group 146.150 18.3672 7.4984 126.8748 165.4252 125.50 167.60
W group 182.750 61.4090 25.0704 118.3046 247.1954 93.80 258.60

*: significantly difference(p<0.05)

Table 16. Bending stress of the solded Co—Cr/

Gold alloy at soldered joint.

Table 17. Bending stress of the laser welded Co—
Cr/Gold alloy at welded joint.

. L1z Fracture Fracture . L1 Fracture Fracture
Specimen Specimen
(mm) Load(kg) Load(MPa) (mm) Load(kg) Load(MPa)

1 1.40 339 154.4 1 1.05 5.3 57.4

2 1.35 24.7 125.5 2 1.15 10.9 89.3

3 1.35 33.0 167.6 3 1.25 7.5 479

4 1.35 259 131.7 4 1.15 6.8 56.2

5 1.30 29.0 164.8 5 1.25 10.6 67.5

6 1.35 26.2 132.9 6 1.15 8.2 67.5

Mean 28.8 146.1 Mean 8.2 64.3
Standard Standard

. 3.61 18.36 o 1.90 14.3
deviation deviation

Fig. 6. Left, low magnification SEM fractography of laser welded Co—Cr/Gold specimen.

Features of dimple fracture and some porosity are present.

Lack of fusion at the center of the specimen together with some porosity. Right,




Fig. 7. Left, low magnification SEM fractography of soldered Co—Cr/Gold specimen.
Complete fusion at the center of the specimen together with many large porosity.
Right, Features of dimple fracture and some porosity are present.

Pd

welded Co-Cr

Fig. 8. Left, low magnification SEM fractography of laser welded Co—Cr/ Palladium
specimen. Complete fusion at the center of the specimen together with some
porosity. Right, Features of fracture showed more brittle characteristics.

soldered Co-Cr/Pd

Fig. 9. Left, low magnification SEM fractography of soldered Co—Cr/ Palladium specimen.
Partially fusion of the specimen together with some large porosity. Right, Features
of dimple fracture and some porosity are present.
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