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ABSTRACT

Diff usion bonding is a near net shape forming process th at can join dissimilar materials t hro ugh atom
ic diffusion un der a high pr essure at a high te m perature. Ti tan ium alloy TC1 (Ti-6AI-1V) and 1J 29
Kov ar alloy (Fe-29Ni-17Co) we re diff usely bonded by a vac uum hot-pr ess sintering process in t he
temperat ure ra nge of 700-850 °C and bonding time of 120 min, un der a pressure of 31, 66 MPa. In 
terfacial m icro structures and interm etallic com pounds of t he diffusion-bonded jo ints we re cha ra cter 
ized by optical mic roscopy, scanning elec t ron mic roscopy, X-r ay diffraction (XRD) and energy dis 
persive s pect rosc opy (EDS) . The elcm cntal diffus ion acros s t he int erf ace was reveal ed by electron
probe mic roanal ysis. Mechanical properties of joints were investigated by mi cro Vic ke rs hardness and

te nsile streng th . Results of EDS and XRD indicated t hat (Fe, Co, Ni )-T i , T iNi, T i, Ni, T iNi"

Fe , Ti , Ti 17 Mn 3 and AI, Ti 19 we re formed at t he in te rface . When t he bonding temperat ure was raised
fro m 700 to 850 °C , t he voids of int erface wer c redu ced and interm etallic lay ers we re widen ed. Max i
m um tensile strength of joints at 53, 5 MPa was recorded by t he sintering process at 850 °C for 120 min.
Fracture sur face of t he join t indicated br ittl e nature , and failure to ok place t hro ugh int erface of int cr
metallic compounds. Based on t he mec ha nical properties and microstruct ure of t he diff usio n-bonded
joints, diffusion m echa nisms between T i-6AI-1V tita nium and Fe-2 9N i-1 7Co Ko var alloys wer e ana 
lyzed in te rms of elemental diff usion, nu cleat ion and growth of gr ains , plastic deform ation and for 

mat ion of int cr rnctalli c com pounds ncar the interface.

1. Introduction

Titani um alloys possess low densities, high str engths ,
and exce llent corrosion res istances, enabling them for a
wide range of applications in pe t roch emical , aviat io n
and space ind ust r ies!IJ. They ca n be bonded wi t h
m any k inds of stee ls to ac hi ev e multi-funct ional ap 
p lications , wh ile b rit tl e in term etalli c co m po unds,
s uc h as T i-F e and Ti- Ni phases , were fo r med a t the
joints[Z-6J. Wang et a l. [2,3J su ggested the for m ation

of m assive und esirabl e hard and br ittle phases , mainl y
T iF e, and TiF e , a t the welded region w he n t it anium
alloy T AT5 and stain less steel (55 ) 30 455 were
welded by elec t ro n- beam weldi ng. Che n et a l. [4J
cond uc ted laser welding of T i-6Al-4V with 20 155 ,
which yielded a large amount of b ri t tl e intermetallics,

., Corresponding aut hor. Asso c. Prof., Ph. D.
E-m ail address : x sj ia ng@ hom e .swj l ll .ed ll .C1I (X .S . Jiang) .

such as FeAl, FeTi , FezTi and Ti5Fel7 Cr5. D ue to
the ex istence of these hard and b rit tl e intermetal
lies, residual stresses orig inated fr om the mi sm a tch
of thermal expansion of base m etal cannot be re
leased by plas tic deformat ion, lead in g to cracks and
spontaneous b ri ttl e fract ure at the interface[3.5.6J.

Kovar a lloys possess advantages of similar thermal
expansion proper ti es with hard ( borosilicate) gl ass
and soft-magnetic prope r ties , and thus they hav e
been used for a w ide range of applicat ions in elec
tronics indus tryI" :'. Zha ng et a l. [IOJ brazed an alu
minum alloy 5005 and 4J 34 Kovar alloy with an A l
S i-M g fill er foil. I t was foun d that F eAl and FeA13

w ere fo r m ed at the interface w here fracture occurr ed.
Wang et al. [IIJ prep a red alu m ina ceramic/ Kovar a l
loy jo int b razed w it h Ag-35. 2Cu-1. 8T i ( w t. %).

Received 11 No vember 2016 ; Received in revised for m 25 Decem ber 2016 ; Accepted 28 Decem ber 2016
Avai lab le online 15 Oc tober 2017
1006-706X/ Copyright@ 2017 , T he edito rial office of Jo urn al of Iron and Steel Research, InternationaL Published by Elsevier Limited. All right s reserved.



1021 T . F . 50111{ et at . /Jollmat of In", and Sleet Rese arch. ln ternation at Zn (2017) 1023 -1031

They showed that Ti element had in teraction with
Kovar alloy to form TiNi3 and TiF e, in the welding
area. Yang et al. [12J in ves tiga ted the interaction be 
tween 413 3 Kovar alloy and Ag-Cu-8Ti active bra
zing alloy. In the vicinity of interface near the 4133
Kovar side, (Fe, Co, Ni) -Ti interm etallic compounds
w ere identified [IZ,13J.

Dev elopments of aerospace and electronic packa
ging industries have demanded for multi-functional
components with high m echanical and physical
properties, and flexibilities in design whi le at a low
cost. Bonding titanium with Kovar alloys can achi eve a
combination of their advantages j however, interme
tallic compounds aforementioned tend to form at
their joint. Most of them are hard and brittle phases
that are detrimental to the m echanical properties of
the joint. Therefore, in this res earch, diffusion
bonding was used to weld these two alloys.

Diffusion welding can enable contacted surfaces
to achieve porosity closure by creep and a tom ic di f
fusion at a certain pressure and high temperature
be low their melting po ints[ll-17J. I t is a near net

shape forming process that is suitable for joining
dissimilar materials. Diffusion bonding of Ti-6AI-4 V
alloy and micro-duplex stainless steel was success 
fu lly made when processing was carried out at 900 DC
for 45 min und er a load of 4 MPa[18J. So far, the avai la

ble st udies have be en done on the joining of titanium
alloys and stainless steel or low-car bon steel, while
there are no results r eported on the welding of tita
nium and Kovar a lloys.

The obj ective of this research is to investigate the

Table 1
Chemical composition of base metals (wt. %)

diffusion bonding of a titanium TC4 (Ti-6AI-4V) and
a Kovar (Fe-29Ni-17Co) alloys. In this work, solid
state diffusion bonding was done using a titanium
alloy and a Kovar alloy at various t emperatures for a
constant period of time. The res earch focused on the
evolut ion of interfacial microstructure at different
temperatures and the bonding strength of diffusion
bonded joints. Based on m echanical properties and
microstructure of diffusion bonded joints of titanium
TC4 (Ti-6AI-4V) and Kovar (Fe-29 Ni-17Co) alloys,
mechanisms of joint form ation, diffusion and frac
ture were investigated.

2. Materials and Methods

2. 1. Materials and processing parameters

Chemical compositions and physical properties of
TC4 (Ti-6AI-4V) and 4J29 (Fe-29Ni-17Co) base met
als are listed in Tables 1 and 2, respectively. Cylin
drical specimens of 30 mm in diamet er and 25 mm in
length w ere machined from the base m etals. Prior to
bonding, the surfaces w ere ground, polished, and
then cleaned in an ultrasonic bath containing ac e
tone, washed with et hyl alcohol and dri ed in air.
The expe r iment s w ere conducted in the temperature
range of 700 -850 DC with an interval of 50 DC , for a
bonding period of 120 min under an uniaxial load of
2.5 T ( 34.66 MPa pressure) in 0.2 -0.8 vacuum,
which was applied by hot pressing. During this process,
heating was started a t a constant rate of 10 DC/ m in
and afte r joining, furnace was naturally cooled to
room temperature.

Alloy

TC1

1129

Mn

0, 1

Si

0, 15

0, 20

C

0, 10

0, 02

Fe

0, 3

Balance

Co

17, 3

Ni

29

T i

Balance

Al v

0,05

H

0,0 15

o
0, 2

Table 2

Physical propert ies of base met al s

Densit y/ Melting
Expan sion Ultimate

Alloy
(g . em - 3 ) poin t l'C

eoefficient / te nsile
(10 - 6 K - I) streng th /MPa

TC1 1,55 1725 7.11 978

1129 8, 10 116 0 1. 70 518

2.2. Inter facial microstructure characterization

Bonded joints were cut longitudinally, then ground,
polished, and etched with two se para te d reagents for
metallographic observation. The titanium alloy side
was etche d by an aqueous mixture so lution of 8 mL
HF, 10 mL HN03 , and 82 mL H z0, and the Kovar
alloy side was etched by a m ixture solution of 2.5 g

CuClz, 50 mL et hyl alcohol, and 50 mL H C!. Micro 
structure owing to diffusion was rev ea led in a light
microscope (AxioCam MRc 5 ). Line scan analyses
crossing interfaces were carried out to ev alu ate diffu
sion of elements at the interface using a scanning elec
tron mi croscope (SEM, lEOL l SM-700 1F a t 15 kV)
equipped with an X-ray energy-dispersive spectrome
ter (EDS), and an electron probe micro ana lyzer
( EPMA, lEOL l X A-8530F field-em ission Hyper
probe at 15 kV) equippe d with both an EDS and
wavel ength-dispersive spectrometers (WDSs).

2.3. Evaluat ion of mechan ica l properties

T ensile properties of joints were eva lua te d using a
mi crocomputer-controlled electronic universal testing
machine (WDW-3100) at a loading rate of 0.1 mm/min
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a t room temperature and four samples were tested
for each paramet er. The hardness measurements were
carried out using a micro-Vickers hardness tester (HXD
100TM/LCD). The test load was 1. 98 and 4.90 N for
Kovar and titanium alloys, respectively, with dwell
time of 15 s.

3. Results and Discussion

3. 1. Microstructure and elemental line profiles

Fig. 1( a - d) shows micrographs of diffusion-bonded
samples pro cessed at different temperatures. It is found
that diffusion interfaces a re free of cracks and inter
fac e lines are clearly visible. Bas e m etal microstruc
tures of TC4 and 4J29 w ere not obviously changed
with temperature varying from 700 to 850°C. Gen er
all y , as bonding temperature increases, the interfa
cial reaction zone is extended because of more binary

or ternary in termetalli c com pounds formed due to
diffusion of various elements, such as Ti , AI, V,
F e, Co and N i , across the interface. The width of
diffusion layer at the joint interface widens simulta
neously, as a result of increased diffusion coefficient
at a higher temperature. When the temperature rea 
ch es 85 0 °C , amount of body-c entered cubic (bcc ) ~

Ti phase increa ses obviously on the titanium alloy
side near the interface. As ~-stabilizing elements,
F e, Co and N i migrate from the Kovar a lloy side to
the t itanium alloy side, which significantly decrease
the t ra nsit ion tempera ture of be e ~-Ti to hexagonal
close-packed (hcp) a- Ti from 89 0 to 590°C or ev en
[ower" : , and thus higher amount of high-temperature
~ phase is r etained at room temperature. Therefore,
the degree of diffusion bonding could be judged ac 
cording to the width of interm etallic compounds and
the am o unt of ~ phase ne ar the in terfac e.

Fig. 1.
O n TC 1 side . white gr ains are a phas e . w hile g ray g rains are ~ ph ase.

Optical micrograph of diffusion-bonded jo int s for 120 m in at 700 "C (a). 750 "C (b) , 800 'C ( c) and 850 "C (d) .

Concen t ra t ion profiles of el em en t s , namely, F e,
Co, N i , Ti and Al of the joints bonded at 800 °C for
120 min are m easured by EDS line scans, as shown
in Fig. 2. It shows aga in that the amoun t of ~-Ti
phase in the vinicity of in terface is more than that of
parent m etal. The dark line in Fig. 2( a) is the t ra ck
of the electron beam afte r line scanning. In Fig. 2
(b), concen t ra t ion of Ti , Fe and Co descends slowly

a t the center of interfac e, which m eans that inter
m etallic compounds are formed at this area, and the
specifi c com pounds will be demonstrated by XRD
tests. Besides, conc en t ra t ion of Al is increa sed in the
vinicit y of interface. Al is an a-stabili zing element,
which mainly exis t s in a phase in the form of substi
t u t iona l solid solut ion. As ~-stabilizing elements Fe,
Co and Ni diffu se into ti tan ium alloy from Kovar all oy
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( a) SEM image (l arge da rk gr ains a re a phase, while oth er bright region s are p phase); ( b) Line sca nning.

Fig. 2. Interface element distribution of TC1 and 1129 diffu sion bonded at 800 "C.

a t 850 °C, the amount of a phase is reduced when it
reaches roo m temperat ure. W hen the concent rat ion
of A l adjacen t to the interface is above 5. 5 %, titani
um aluminides (Ti AI and Ti3 AI) form[zoJ . Accord
ing to the above ana lys is , t he bonded join t m ai nl y
con tains F e-T i , T i-Co and T i-AI phases at the in ter 
face.

Fig. 3 shows EPMA ana lys is of T C4 and 4J29 joint
interface bonded a t 850 °C, which displays diffusion
of el em en ts a t the in terface by el em en ta l m aps. It is
found that Co ( Fig. 3 ( c» and N i (Fig. 3 ( d » ele 
m ents a re diffused in to the adjacen t a reas nea r the
interface on titanium alloy. This a rea is consis ten t
wi t h the m et allographic obs ervation where ~-Ti
phase is enriche d , whi ch indica tes that the formati on
of ~-Ti phase is m ainl y du e to the diffusion of N i and

Co ele ment s. By co mparison , F e ( Fig. 3 (b ) and Ti
(Fig. 3 ( e ) elements a re m ainly concent rated in the
vicini ty of the in terface, wh ich is in good agreem en t
wi th previous study[18J. Diffusion of T i , Fe, Ni and Co
ele ments to in terface resu lts in the formation of in
termet all ic co mpounds , s uc h as F ezT i, T iN i3 ,

T i, Ni , T iN i and T i, Co. It has been ill us t ra te d that
A l a to ms seg regate a t the in t erface and the remai
ning a phase, which is consisten t w ith the lin e scan 
nin g res ults. Seg regation of A l ( F ig. 3 (f» lead s to
the format ion of Ti -Al int ermetalli c, such as T iAI,
Ti 3 Al and Al6 T i19. The formation of in t ermet all ic
w ill be co nfi r m ed by the XRD m easurements taken
a t the interfac e. From EPM A di stribut ion m ap of
each ele ment, it is ob vio us that there is a sharp de
cline in content at the interface.

( a ) ESE image ; ( b ) Fe map; ( e) Co map; (d ) 0Ii map; ( e ) Ti map ; (0 Al map .

Fig. 3. Conc entration profiles from EPMA analys is of Fe, Co, Ni , Ti and Al elements along with a BSE (backseatt er ed elec-
tro n) image of a reg ion at T C1 and 1129 jo int int erf ace bonded at 850 "C.
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A ccording to Fi ck ' s second law, in in fin ite len g th
diffusion , rel at ionship between ele men ta l conc en t ra 
t ion and distance fr om the interface ca n be written as
follow s :

c =C I:C Z +C I ~C Z [erfC~) ] (1)

where , CI and Cz a re in iti al concentrat ions of ele ment
in two contact m ateri al s, respect ive ly ; x is the di s
ta nce from the in terf ace; t is diffusion t ime ; and D
is diffusion coe fficie nt ' f!". Diffusion coeff icient of F e
in to t itani um alloy at 800 °C, 8 M Pa (D F, = 3.37 X
10 - 14 m " Is ) was rep or ted in Ref. [ 22 J. Based on the
res ults , d iffusion dis tance of F e in to tit anium is ca l
cula ted as 26. 25 p.m by Eq, ( 1) , w hic h is wid er than
the result of ~ 18 p.m in Fi g. 2. This is due to the
fact that in the p ro cess of at om ic diffusion, the dif 
fu sion coeff icient decreases with increasing pressure[Z3].

3. 2 . P hase ident ification

Fig. 4 reveals a crack of the sa mp le bonded at 850 °C.
Crack is formed at th e inte rface and propagates alo ng
co mpounds layer. EDS result of 4J29 side is shown
in F ig. 4 (a ) . I t is found that Ti diffuses into 4J 29
si de. Based on F e-Ni-T'i ternary phase diagram, wh en
the conce nt rat ion of T i is highe r than O. 82 at. %, inter
metalli c compounds of Fe-Ti and Ti-Ni can be formed'14-19].

I t is observed that S is co ncent rated in the interface.
E xi s tence of h igher percen t of s ulfur weakens crystal
bo und ary and decreases the strength of joi n ts[Z4] .

The sig na l of C is fr om carbo n coat ing during sa m 
ple preparation. By EDS analysis , it is confi r med
that crack fo r ms in in ter m etall ic co mpounds layer
w here F e-Ti , T i-N i , F e-V and T i-A I phases are
presen t. T hese in term e tall ic com po un ds are hard and
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(a)

(a) 1129 side from point 00 1 ; (b) TC1 side from point 002; (c) Secondary elec tron image of crac k.

Fig. 4. EDS ana lys is of interface crack of sample bond ed at 850 "C.

Fig. 5. X- ray diffraction patt ern s of fra cture surfaces of dif-
fusion bonded joints at 800 and 850 "C.

b rit tl e phases wh ich do not re lease the st ress that
form ed owing to differen t coe ff icie nts of linea r ex
pansio n between T C4 (7 . 14 X 10- 6 K- I , 20°C), in ter 
metalli c compounds and 4J29 ( 4. 7 X 10- 6 K- I, 20°C)
during cooling[Z5]. Therefore, crack emerges at the

in terface under a small external fo rce.
X-ray diffract ion pa tte rns of the fr acture surfaces

of diffusion bonded joints a t 800 and 850 °C are
shown in Fig. 5. It is found that intermetalli c phases
such as TiNi, T izNi , TiNi z , F ezT i, 'rt., Mn3 an d
A I6Ti19 are present in reaction zo ne. The rest of the

800 '(;

compo un ds are not observed becau se their contents
are not high eno ug h. Co m pa re d wit h diffusion prod
ucts of titanium alloy and stainless steel, there is a
li t tl e difference between reaction products[3,17,18,Z6,Z7]. Be-

ca us e co ncen t ra tions of Co and N i a re h igher in Ko
va r a lloy , it is more liable to form T i- Ni phases than
T i-F e phases at the interfac e.

3. 3 . M echan ical pro perties

F ig. 6 ( a - d) shows the va r iatio n in mi cro-hard
ness of bonded jo int at diff eren t temperatures in the
range of 700 -850 DC. It is foun d that in the adjacent
areas nea r the in terf ace at the ti taniurn a lloy side,
hardness is higher co mpare d to base m a teri als. The
reason comes fr om diffu sion of F e, Co and Ni el e
m ents into t it anium alloy , leading to the formation
of ~-T i and br ittle int ermetallic phases such as T i, Ni ,
A I6Ti19 , and F ezTi a t the bonded joint. T he inc rease
in the m aximal hardness va lue is dir ectly propor tio n
al to inc rease in temperature, 36 4 HV , 388 HV,
and 400 HV in sequence. Maxi m u m hardness va lue
of (4 15 ± 13) HV is obtained at 850 °C whi ch is about
136 HV higher than that of t it anium alloy. In the
adjacent areas near the in terf ace at the Kovar alloy
side, hardness of 4J29 is low er than that of base ma-
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Fig. 6. Mi cro-h ardnes s of T O ! and 1J 29 diffus ion bonded at different temperatures.

3. 4. Fra cture morphology

Fig . 7. Mechan ical propert ies of d iffu sion bonded joints pro-

cessed for 120 min at different temperatures.

Fracture morphology and EDS analysis of diffu
sion boned join ts at different tempera tures are shown
in Fig. 8. A t 750 DC bonding tem pera t ure , voids and
se condary cr acks a re observed in Fig. 8( a). Presence
of voids is a tt r ib u te d to less contact between the
ground surfaces of TC4 and 4J 29 , which leads to the
formation of secondary cr acks under loading. All
these defects de termine strength of the joint bonded
a t 750 DC. As shown in Fi g. 8(b), (Fe, Co, N i ) -T i
interm etallic compounds[12J are formed with a com

position of Ti 47.62 at. %, F e 22.67 at. %, N i

900850700

10

40

~
~ 30

~
~ 20

~

50

terial, because Ti and Al elements are mainly concen 
trated at the int erface. Amount of diffused Fe, Co and
Ni into the titanium alloy side is more than that of the
diffused Ti and Al into Kov ar alloy , resulting in unbal
anced mass flow across the interface[15.17J. Significant

difference of hardness between interface and bas e metal
leads to mechanical heterogeneity, which is detrimen
ta l to rel easing the s tress and mechanical proper ty.

Varia tion in mechanical properties of the bonded
joints in temperature range of 700 - 85 0 DC at an in 
terval of 50 DC for 120 min is shown in Fig. 7. Diffu 
sion-bonded join t between titanium and Kovar alloys
prepared at 700 DC for 120 min separated during ma
chining the sample, and thus tensil e strength is as 
signed as zero. At 700 DC , the interface is barely con
nected, owing to low tem peratu re which limi ts the
ac t ivit ies of at oms wi th low diffusion coefficien ts.
When bonding tem peratu re rises, bond strength
gradually increases du e to enhan ced diffusion, and
thus the com pound layer at the interface is widened.
Besides, as bonding temperature rises, yield strength
of t it an ium alloy is decreased sharply for superplas 
tic property, which is beneficial to connection of the
interface by pl as tic deformation. By com pa rison be 
tween m echanical properties and interfacial diffusion
width, it is obvious that tensile strength gradually
increases with interfacial width at 700 - 85 0 DC.
When bonding temperature increases to 850 DC , t en 
sile strength of joint r eaches 53 . 5 MPa with interfa
cial width of ~6 ui»:
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16.38 a t. %, and Co 13.33 at. %. Brittle intermetal
lic phases promote the generation of cracks, resulting
in fracture of joints. As temperature ris es to 800 DC, vol
ume fraction of voids shown in Fi g. 8 (b) is reduced
for a better connection to form intermetallic phases,
which contributes to slight increase of joint strength.
Cleavage planes ar e noticeabl e in Fig. 8 ( c) , which indi 
cate brittle nature of diffusion boned joints. Interme
tallic phases, such as TiNi, TizNi, TiNiz, F ezTi,
Ti ., Mn3 and AI 6 Ti ., , as confirmed by previous XRD
results, are found on the fr ac ture surface of joints
bonded at 800 and 850 DC as shown in Fig. 8 (d).

These com pounds determine the bri ttle fr acture of
the joints. In Fi g. 8 ( e), granular fr acture zone and
intergranular fracture area are observed . Intergranu
lar fracture area is the part where mating surfaces of
TC4 and 4J29 contact initially. In the process of dif
fusion bonding, there are some spaces to be elimina
ted by the g ro w t h of grains in the gap , leading to
formation of granular fracture zone[Z8]. Afterward, a

better connection is gaine d , which contributes to ap
parent increase in strength. EDS analysis of this a re a
is shown in Fig. 8 (f), indicating in termetalli c com 
pounds as m en tioned above.

Fig. 8. Fracture mo rphology and EDS ana lys is of diffusion-bond ed jo int s at 750 °C (a , b), 800 °C ( c , d) and 850 °C ( c , 0 .

By comparing bonding results at different temper
atures, the process of diffusion bonding between ti 
tanium alloy and Kovar alloy mainly includes three
steps. Firstly, partial surfaces of base m etals contact

with each other where Ti, F e, Ni , Co, and Al el e
m ents are diffused and some pores exis t at the inter
fac e, as shown in Fig. 9 ( a). Secondly, pores are
gradually diminished by pl astic deformation, nuclea-
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tion and growth of grains at high er temperature with
a certain pressure. Init iall y in ter met all ic ph ases ,
such as ( Fe , Co , Ni) -Ti, TiNiz , Ti., Mn3 and FezTi ,
grow to laminar microstructure, as shown in Fig. 9
( b ). Meanwh ile, near th e contacted area , some grains
grow toward s the pores , fi lli ng the po res gradua lly.
T his process is accompanied wi t h diffusion of ele 
ments. Thirdl y, inc reased diffusion of A I , T i and Ni
el em ents promotes th e form at ion of TiNi, T i, Ni,
TiAI, T i3 Al and Al6 Ti 19 at th e interface. More s Ti I S

gaine d in the adjacent areas near the in terface at t ita
nium alloy side du e to diffu sion of Co and Ni int o th is
area. A well con tacted in t erface is gai ned and amo unt
of in t er m eta ll ic compounds is enhanced to achieve a
connection between t it an ium and Kovar allo ys , as
shown in Fig. 9(c). Therefore, it can be concluded that
connection of t it an ium and Kovar alloys is ac hieved
by elementa l diffusion, nucleat ion and growth of
grains near contacted area , plas tic deformation an d
formation of in terme tallic co m po unds.

Ni

Co

Fe

TC4 (I» TC4 (e)

4,)29

~ phase

TC-I

4J29

( a) Surface cont act and elemen t diffusion ; (b) Pl astic defo rmat ion, nucl eation and growth of gr ains ; ( c) More intermetalli e
co mp o unds nu cl eated at in terface and more ~ ph ase fo rmed in adja cent area s near interface at t itanium all oy side.

Fig. 9. P rocess of diffu sion bond ing between titanium alloy and Kovar alloy.

4. Conclusions

Diffu sion bonding of TC4 tit anium and 4J 29 Ko
var alloys has been carried out in vacu um in the tem 
perature range of 700 -850 °c for 120 min under 2.5 T
( 34. 66 MPa) unia xial pressur e , w hic h was app lied
along the lon git udinal di rectio n of the spec imen.

(l ) T itan iurn alloy ( T C4) and Kovar alloy ( 4J29)
could be connect ed by diffus ion bonding, and the
compo un ds such as (Fe , Co, Ni )-Ti, ~-Ti , T iNi,
TizNi , TiNiz, FezTi , 'rt., Mn3 and Al 6 T il 9 were
formed at the in terface.

( 2 ) As bon ding te m perature was increased fr om
700 to 850 °C, the voids of in terface we re reduced
with wide ne d in termetalli c layers , p romoting the
connect ion of joi n t s. Maximum te ns ile st re ngth of
jo ints was 53.5 MPa, obtained at th e process of 850 °C
fo r 120 min.

( 3 ) Fracture surface of joints indica ted br ittle
na t ur e, and fail ur e to ok place throug h the in terface
of in termetalli c compounds.

( 4 ) Co nnection of t itani urn and Kovar alloys was
ac hieved by elemental diffu sion, nucleation and growth
of grains near con tacted area , plastic deformat ion and
fo r ma tion of in ter m eta llic com po unds .
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