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A Study on Liquid Diffusion Bonding of Titanium

Hyun-Joon Kim

Department of materials processing engineering, Graduate school,
Pukyong national university

Abstract

This study was done in order to research the bonding pnenomena of
the interlayer at time of the liguid diffusion brazing of pure titahium. Ni,
Fe and Cu metals having an eutectic or peritectic reaction with pure
titanium were used as intermediates.

Diffusion brazing of pure titanium was also carried out at such
bonding temperature as 1000C, 1100C and 1010T respectively, under
vacuum chamber(7.3x107°Pa) with the intermediates such as 50mm—thick
Ni. Fe. and Cu. The microstructures of bonded interlayer was analysed
by optical microscopy and SEM. The concentration distribution of atoms
by interdiffusion across bonded joint was evaluated by EPMA.

Using pure Fe. Ni and Cu metals as intermediates, liquid diffusion
brazing of pure Ti base metal was taken Dy interdiffusion of atoms
during heating up to Dbonding temperature without  intermetallic
compounds formed in solid diffusion bonding.

The liguid within the brazed joint was transformed into BTi grown Dby
diffusion controlled from titanium base metal joining solid-liguid interface
to the liquid. During cooling, BTi was transformed into pearlite structure,
such as eutectoid decomposition.

After the completion of isothermal solidification, in the case of the
100% eutectoid decomposition of BTi. the cooling rate of Ni and Cu
intermediates was two times faster than that of Fe intermediate.
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‘lements . . ) . .
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Materials
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(T
Intermediate Min.
(Fe) 99.9
Intermediate Min.
(Cu) 99.9
Intermediate Min.

(N} 99.9

RBal. | 0.06 | - |<0.00110.11} 00010 - I e




Fig.1 Configuration of work plece in vacuum chamber

Thermocoup! Ti , $12xX20mm

(PR-type)

—at— Induction coil
Insert metal

Fig.2 Assembly diagram of work pilece
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Fig.3 Apparatus of diffusion brazing included induction
power and vacuum chamber

Holding ume

—~ 7

* Brazing temp. / Cooling raie
. Holding time
o)
qE) Eutectoid temp. A W N
=
Power off Power off

Time —————

Fig.4 Heating and cooling pattern
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Fig.5 Optical microstructures of Ti diffusion brazed with
50mm thick Fe intermediate at 11007C. Holding times
are shown in (@)0s (0)20s (c)50s (d)100s (e)600s

(f)1.2ks.

_.10_



d oTi

g

Ti © 99.8wt%
Fe : 0.2wt%

[iKa

Tikb1

@ BTi 3 liquidus point

Ti @ 84.9wt% Ti @ 73.9wt%

Fe @ 15.1wt% Fe : 26.1wt%
TRl Fikal

Fig.6 Results

of EDX point analysis

diffusion brazed at 1100T for 50s

*‘]‘I_

in the Iinterface



Phase diagram

Microstructures

Remark

Eoid
e
55
. Lo Eutectic
o composition

Ti Fe Ti

Assembly

- >
-]
—>_+
-1
|
4—'r‘>

Weigh! Percent {%)

Reciprocal
diffusion of Ti
and Fe,

During heating

11007

Temp. ()

229m
504

v
v

Lror.

~-
D e e

Above eutectic
temperature

Eutectic forming

Fe!Ti
=50pm:17%m

Ti

Weight percent (%)

Dissolution of Ti

AR .\
A
L etininsocd sriesess 1420
R

B i bonsrsr nsrirce it

R 000 20000008605 TS ATILAL S LIV AL
o,

B veissns et tses 0 e s sy
L rsr s res e IO AR
R PE LA ISIILELR LA PRy
O e )
‘w/(f//t///////}////l////r/////r//m

B i =
U =~ 55 L

oot P P PR TEL L OIS, //L

Bonding
temperature

Dissolution of

Ti

_12_

to be continue
1




Phase Diagram Step Microstructures Remark
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Fig.7 Model diagram on dissolution and solidification when
diffusion brazed at 1100T for various seconds with
Ti—-Fe binary phase diagram
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Fig.8 Change of ratio of liquid phase with holding time at 1100C
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Fig.9 Change of optical microstructures in interface
diffusion brazed with cooling rate for cooling 11007T

to Hb70C
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Fig.10 Hardness change on 1C/s, 0.247C/s cooling rate
after diffusion brazing with Fe intermediate at 110
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Fig.11 Optical microstructures of Ti brazed diffusion with
50 thick Cu intermediate at 1010°C. Holding times
are shown in (2)0s (b)10s (¢)100s (d)900s.
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after diffusion brazing at 1010T for 900s and 1.2ks
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Fig.15 Optical microstructures of Ti diffusion brazed with
50 thick Ni intermediate at 10007, Holding times
are shown in (a)0s (0)10s (c)100s (D)225s (e)900s
(D1.2Kks.
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