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Table 1. Metals and casting methods used in this study

Investment

Metal Manufacturer Contents Casting Machine
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4 J 0, [
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Ti 89.1%,
Ti-6A-V(Gr V)  HyundaiTi Co.(Korea) 1 5-56.75% Titanium vest,  Electric arc,
V 3.5-4.5%, Ohara Co.(Japan) centrifugal
etc 0.9%
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Table 2-1. Comparative properties of C.P. Titanium for each welding methods(n=5)

Welding m,ethOd Control Laser weld. Electron beam TIG weld
Properties
Tensile Strength 701.34+33.98 705.36+52.54 721.46+41.30 413.98+81.66
(MPa) A A A B
0.2% Yield Str. 450.18+39.06 439.44+36.60 439.55+40.01 360.24+56.60
(MPa) A . A A B
Ductility 19.028+0.774 18.378+1.865 17.026+3.468 3.678+2.360
(% elongation) A A A B

Means with same letter are not significantly different (P<0.05).

Table 2-2. Comparative properties of Ti-6Al-4V alloy for each welding methods(n=5)

Welding mgthod Control Laser weld. Electron beam TIG weld
Properties .
Tensile Strength 1005.22+14.49 823.82+38.76 884.08+73.55 292.32+39.59
(MPa) A B B C
0.2% Yield Str. 601.14+26.43 323.50+65.84 352.621+59.04 252.96+37.44
(MPa) A B B C
Ductility 8.5921+0.698 11.228+0.569 12.196+1.677 2.162+0.134
(% elongation) B A A C

Means with same letter are not significantly different (P<0.05).
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Fig. 1-1. Tensile strength of each group.
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Fig. 1-3. Ductility of each group

Table 3-1. Microhardness of weld seam, HAZ(Heat Affected Zone) and parent material for C.P.
Titanium (kg - f/mm?) , .
1(Weld seam 1) 2(Weld seam 2) 3(HAZ 1) 4(HAZ 2) 5(Parent)

Laser Weld 325.1 ' 298.7 268.1 291.5 294.3
E. Beam Weld 332.6 313.3 269.1 294.6 295.4
TIG Weld 397.4 273.7 238.9 2824 283.4

Table 3-2. Microhardness of weld seam, HAZ(Heat Affected Zone) and parent material for Ti-6AH4YV allo

(kg - f/mm?®) .
1(Weld seam 1)  2(Weld seam 2)  3(HAZ 1) 4(HAZ 2) 5(Parent)
Laser Weld 461.9 412.7 , 405.1 410.9 430.6
E. Beam Weld 440.1 426.9 417.9 417.9 431.6
TIG Weld 541.0 504.0 447.8 447 4 464.1
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Fig. 2-1. Microhardness of weld seams, HAZs and Fig. 2-2. Microhardness of weld seams, HAZs and
parent material for C.P.Ti. parent material for Ti-6A1-4V alloy.

Fig 2 = i i & i« F e g ¢ i :
Fig. 3-1. SEM of control specimen for C.P.Ti (< 30). Fig. 3-2. SEM of control specimen for C.P.Ti (x800).

Fig. 4-1. SEM of fractured surface for laser welded Fig. 4-2. SEM of fractured surface for laser welded
specimen of C.P.Ti(x30). specimen of C.P.Ti (X800).
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Fig. 5-1. SEM of fractured su1faoerfor E. Beam weld-
ed specimen of C.P.Ti (x30).

Fig. 6-1. SEM of fractured surface for TIG welded
specimen of C.P.Ti (x30).

v

2y
Fig. 7-1. SEM of fractured surface for control spec-
imen of Ti-6Al-4V alloy (X 30).
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Fig. 5-2. SEM of actured surfa for E. Beam weld-
ed specimen of C.P.Ti {x800).

W

SEM of fractured surface for TIG welded
specimen of C.P.Ti (x800).

Fig. 6-2.

S "o ey a N f& g g i’
Fig. 7-2. SEM of fractured surface for control spec-
imen of Ti-6Al1-4V alloy (X800).
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Fig. 8-1. SEM of fractured surface for laser welded Fig. 8-2. SEM of fractured surface for laser welde
specimen of Ti-6A1-4V alloy (% 30). specimen of Ti-6Al-4V alloy( x800).

Fig. 9-1. SEM of fractured surface for E.beam ig. 9-2. SEM of ‘ fractre surface for E.bam
welded specimen of T-6Al-4V alloy (X 30). welded specimen of Ti-6AI-4V alloy (X 800).

ig. 101. SE f fractured surface for TI weld- Fig. 10-2. SEM of fractured surface for TIG weld-
ed specimen of Ti-6A1-4V alloy (X 30). ed specimen of Ti-6A1-4V alloy (X800).
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Fig. 11-1. SEM of parent material treated by Laser Fig. 11-2. SEM of HAZ treated by Laser on C.P,
on C.P. Titanium (x250). Titanium (x250).

Fig. 11-3. SEM of weld seam treated by Laser on Fig. 12-1. SEM of parent material treated by E.
C.P. Titanium (X 250). beam on C.P. Titanium (% 250).

O RN

28 kV‘ xaéél' i28sm
Fig. 12-2. SEM of HAZ treated by E. beam on Fig. 12-3. SEM of weld seam treated by E. beam on
C.P. Titanium (X 250). C.P. Titanium (X250).
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28 kv x2S8 ' 'ig@sm 28 kV x258 i

Fig. 13-1. SEM of parent material treated by TIG Fig. 13-2. SEM of HAZ treated by TIG on C.P.
on C.P. Titanium {x250). Titanium (X 250).

20 KV x258"
Fig. 13-3. SEM of weld seam treated by TIG on C.P. Fig. 14-1. SEM of parent material treated by
Titanium (%250). Laser on Ti-6A1-4V alloy (X250).

Fig. 14-2. SEM of HAZ treated by Laser on Ti-6Al- Fig. 14-3. SEM of weld seam treated by Laser
4V alloy (X 250). on Ti-6A1-4V alloy (x250).
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e
Fig. 15-1. SEM of parent material treated by E. Fig. 15-2. SEM of HAZ treated by E. Beam on Ti-
Beam on Ti-6A1-4V (x250). 6A1-4V alloy (X250).

28 kv x258°

i2esm
Fig. 15-3. SEM of weld seam treated by E. Beam Fig. 16-1. SEM of parent material treated by TIG
on Ti-6A1-4V (x250). . on Ti~6Al-4V (X 250).

! 20 i H0 -
Fig. 16-2. SEM of HAZ treated by TIG on Ti- Fig. 16-3. SEM of weld seam treated by TIG on Ti~
B6AI-4V alloy (X250). 6A1-4V alloy (X 250).
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1.

Longitudinal metalloaphic cross section
through C.P. Titanium treated by
Laser(x50).

Fig. 17

Fig. 17-3. Longitudinal ellogfaphic Cross ection
through C.P. Titanium treated by TIG (x
50).

s &

Fig. 18-2. Longitudinal metallographic cross section
through Ti-6AIM4V treated by E. Beam(x
50)

Fig. 172. Longitudinal metallographic cross section
through C.P. Titanium treated by E. Beam
(x50).

Fi. 18-1. Longitual metallograpc Cross sectio
through Ti-6AMV treated by Laser(X 50).

T ; SR e ‘
Fig. 18-3. Longitudinal metallographic cross section
through Ti-6AI4V treated by TIG (X 50).

557



Table 4-1. Weight percentage of the ingredients according to the location in C.P.Ti specimens welded

by various welding techniques

Laser Welding Electron Beam Welding Tungsten Arc Welding
Seam  HAZ Parent Seam HAZ Parent  Seam HAZ Parent
Al - 0.03 0.09 0.00 0.00 0.00 0.08 0.05 0.03 0.12
0 2.72 7.02 1.31 2.99 2.87 1.13 3.28 2.72 3.28
Ti 96.56  92.36 98.16 9646 96.61 95.25 96.07 96.47 95.96
Y 0.49 0.48 0.49 0.47 0.48 0.44 0.48 0.53 . 048

Table 4-2. Weight percentagé of the ingredients according to the location in Tr6A-4V alloy specimens

welded by various welding techniques

Laser Welding Electron Beam Welding Tungsten Arc Welding
Seam  HAZ Parent Seam HAZ Parent  Seam HAZ Parent
Al 5.14 5.51 6.04 4.76 478 6.20 7.00 6.12 7.00
0 1.51 2.05 2.60 2.30 1.95 1.53 2.52 3.14 1.74
Ti 8774 87.36 86.37 87.81 88.22 87.51 85.55 86.09 86.29
\' 5.54 5.05 4.96 5.03 4.95 4.80 4.88 463 4.95
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ABSTRACT

MECHANICAL PROPERTIES OF TITANIUM CONNECTORS
- TREATED BY VARIOUS WELDING TECHNIQUES

Soo-Young Lee, D.D.S., M.S.D., Ik-Tae Chang, D.D.S., M.S.D., Ph.D.
Seong-Joo Heo, D.D.S., M.S.D., Ph.D, Soon-Ho Yim*, D.D.S., M.8.D., Ph.D

" Department of Prosthodontics, College of Dentistry, Seoul National University
Sunglyunkwan University, School of Medicine*

The. use of pure titanium and titanium alloys have been increased recently in fixed, removable
prosthodontics and implant fields as a framework. But when they were used for superstructures
of implant or metal framework of removable prosthesis, welding is necessary to reconnect the frac-
ture site to control the casting distortions. To overcome the difficulties in soldering the titanium

. due to high oxidation property, much effort have been devoted.
" In this study, some of mechanical properties were compared between pure titanium and T1—6A1-
4V alloy by usingl aser welding, electron beam welding technique and tungsten arc welding. Mechanical
" properties such as tensile strength, yield strength, elongation and microhardness were measured.

And, in order to compare the effect of welding site and surroundmg metal tissue according to
the welding condition, SEM photographs were taken and element distribution was observed by
Wave Dispersion Spectroscopy.

Through analyses of the data, following results were obtamed
1. In items such as tensile strength, yield strength and elongation according to the welding tech-

niques of pure titanium, only tungsten arc welded group showed significant lower value than

. other groups(P(0.05).

2. In items such as tensile strength and yield strength according to the weldlng techniques of Ti-
6Al-4V alloy, control group and tungsten arc welded group showed significant difference among
all the groups(P<0.05).

3. Ti-6AI4V alloy exhibited significantly greater elongation than control group when the laser weld-

" ing method and electron beam Weldlng method were used, and elongation showed increasing
tendency. '

4. Pure titanjum specimens exhibited increasing tendency of microhardness regardless of the weld~
ing technique apphed and especially tungsten arc welded group demonstrated a great
increase of microhardness than parent metal.

5. There was no hardness change in laser welded group and electron beam welded group of Ti-
6Al-4V alloy, but in tungsten arc welded group, hardness changed greatly from parent met-
al to weld seam.

6. Through the metallographic examination and scanning electron microscopy, laser welding caused
central fusion and recristallizations were formed and tungsten arc welding caused localized fusion
to 0.3 - 0.7mm from the surface.

Key words. : Titanium, Titanium alloy, Laser, Electron beam, Tungsten arc, Welding
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