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Study on laser welding of titanium coupled with dental precious alloys

Taramitsu YOSHIDA

Department of Dental Materials, Matsumoto Dental University School of Dentistry
Summary

Laser welding has been reported as a promising welding technique for joining titanium
materials. However, since it is anticipated that titanium prostheses will become more popu-
lar in the near future, dissimilar—material laser welding of titanium materials should be
evaluated and investigated. When titanium materials are fusion—welded to dissimilar ma-
terials, several problems mayoccur, including corrosion of the weldment and elemental—-dis-
solution from the weldment, possibly causing deterioration of the original excellent proper-
ties of titanium materials. Furthermore, since laser welding for dissimilar joining with tita-
nium materials has not been well established, poor penetration might take place.

In the present study, the feasibility of laser welding of titanium materials to dental pre-
cious alloys was investigated. The study included bending strength, strain, hardness and
elemental—-dissolution of the dissimilar joints.

The following results were obtained.

1. Bend strengths of similar weldments were lower than those obtained with base materi-
als, except T1.

2. Distortion of similar weldments showed lower values than base materials.

3. Similar weldments of TI-TI exhibited a higher value of hardness, while other similar
weldments showed lower hardness values than those obtained for base materials.

4. Dissimilar weldments of titanium showed lower bending strength and strain than did
base materials.

5. Dissimilar Titanium weldments showed greater hardness than those obtained from the
base materials.

6. SEM fractography of dissimilar joints revealed many porosities which appeared to be
created during the welding procedure. Moreover, fractured surfaces indicated the pres-
ence of brittle materials at the dissimilar titanium joints.

7. The dissolution amount of Ti from dissimilar titanium joints in 1% lactic acid aqueous
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solution exhibited a higher value than that detected from base materials.

8. There were no statistically significant differences in bending strength before and after

immersion in 1% lactic acid aqueous solution in both similar and dissimilar titanium

joints.

9.  Only TI-PT joints exhibited a lower value of strain after immersion in 1% lactic acid

aqueous solution than the strain before the immersion.
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Table 1 : Materials, manufactures compositions, and code
Materials Cord Manufacture Composition (w%)
CP Titanium TI KOBE STEEL Ti 99.66 others 0.34
Casting Gold Type 4 AU ISTHUKU METAL Au67.25 Agl109 Pt425 Pd 35 Cul2 others 2.1
Kinpara S 12 PD ISTHUKU METAL Au 12 Ag51 Pd 20 Culd5 others2.5
Pga 21 PT ISTHUKU METAL Au76.5 Ag 9 Pt1 Pd 3 Cu 9.5 others1
Table 2 : Parameters of welding
Current | Plus duration | Spot diameter
(A) (ms) (mm)
TI-TI 220 5 0.3
AU-AU 260 5 0.3
PD-PD 270 5 0.3
PT-PT 280 5 0.3

Fig.1: Tool

220 —( 5 0.3

TI-(AU or PD or PT) ‘

Table 3 : Fusing depth of after—welded TI-TI

1ms 5ms 10 ms
0.3mm | 0.5mm | 1.0mm | 0.3mm | 0.5mm | 1.0mm | 0.3mm | 0.5mm | 1.0 mm
300 A 0.571 0.616 0 1 1 0.341 i 1 0.381
280 A 0.439 0.374 0 1 1 0.386 i 1 0.427
260 A 0.409 0.319 0 1 1 0.263 1L il 0.383
240 A 0.292 0.221 0 i 0.772 0.302 1 0.788 0.352
220 A 0.305 0.232 0 0.662 0.492 0.298 0.811 0.595 0.28L

(mm)
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Table 4 : Analysis of variance for bending strength

Source SS DF MS F P
Bending strength 83129.484 2 41564.742 10.555 0.001 *E
Error 70885.458 18 3938.081
Total 154014.942 20
SS : Sum of square F: Fvalue * p<0.05
DF : Degree of freedom P:Pvalue **p<0.01

MS : Mean square

Table 5 : Analysis of variance for strain

Source SS DF MS F P
Strain 0.623 2 0.311 9.528 0.002 * ok
Error 0.588 18 0.033
Total 1.211 20
88 : Sum of square F: Fvalue * p<0.05
DF : Degree of freedom P:Pvalue **p<0.01

MS : Mean square
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Fig.8 : Macro structure of laser welded TI-TI
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Table 6 : Analysis of variance for welding area

Source SS DF MS F P
Welding Area 722.193 6 120.366 1.916 0.101
Error 2638.440 42 62.820
Total 3360.633 48
SS : Sum of square F: Fvalue * p<0.05
DF : Degree of freedom P:Pvalue **p<0.01
MS : Mean square
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Fig.27 : Secondary electron images of the TI-PT
Table 7 : Released elements of after—immersion of 1% lactic acid
Cord ug/1
Ti Au Ag Pt Pd Cu Zn
TI-TI 0.397
(0.037)
AU-AU 0.031 0.005 0.004 0.002 1.608 0.348
(0.017) (0.002) (0.001) (0.001) (0.256) (0.030)
PD-PD 0.000 0.153 0.001 0.130 0.096
(0.000) (0.052) (0.000) (0.051) (0.036)
PT-PT 0.001 0.000 0.001 0.000 0.418 0.035
(0.001) (0.001) (0.001) (0.000) (0.206) (0.002)
TI-AU 2.657 0.004 0.001 0.001 0.000 0.138 0.049
(1.106) (0.006) (0.002) (0.001) (0.001) (0.071) (0.024)
TI-PD 2.286 0.000 0.116 0.002 0.132 0.038
(0.341) (0.000) (0.077) (0.001) (0.082) (0.022)
TI-PT 1.405 0.000 0.000 0.000 0.000 0.010 0.005
(0.270) (0.000) (0.000) (0.000) (0.000) (0.001) (0.001)

( )=SD
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and TI-PT)
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Fig.32 : Back-scattered electron images of the cross section of after-welded test piece (TI-AU, TI-PD and

TI-PT)

Fig.33 : Electron probe X-ray microanalysis of the distribution of element (TT-AU)
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Fig.35 : Electron probe X-ray microanalysis of the distribution of element (TI-PT)

1
TI-AU
TI-PD ‘

TI-PT

Cord T K

(3.69)

33.063
(9.02)

Au
42.501
(3.70)
3.737
(0.37)
46.703
(5.99)

Ag
3.263
(0.53)
10.130
(1.70)
5.113
(1.10)

w%

Pt

0.510
(0.10)

2.962
(0.40)

Table 8 : Quantitive analysis of elements of laser welded test pieces

Pd

1.577
(0.18)

6.559
(0.49)
2.245
(0.35)

Cu

5.083
(0.64)

3.808
(0.56)

7.665

(1.31)

0.105
(0.04)

0.113
(0.04)

0.498

(0.20)

( )=SD
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