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Tensile Strength of Ti/Mg Alloys Dissimilar Bonding
Material Fabricated by Spark Plasma Sintering
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Abstract — Dissimilar metal joining between titanium and
magnesium alloys was performed by spark plasma sieting.
Metallurgical bonding between pure titanium and
magnesium alloys was successfully achieved by digfon of
Al atom from magnesium alloy side to titanium and
formation of TizAl intermetallic layer. A solution treatment
on magnesium alloys before bonding resulted in améreased
of Al content in Mg matrix, and improved tensile stength of
bonding material. Bonding pressure of 10 MPa was $iicient
to obtain a perfect contact between titanium and mgnesium
alloys surface. A good bonding strength was obtaidewhen
applying bonding time for 1 and 2 hr. Increasing ofbonding
temperature facilitated a formation of nano-level TgAl
intermetallic layer resulted in improvement of bondng
strength. The highest bonding strength of 194+15 MPaas
obtained in Ti/AZ91 (ST) bonded at 475 °C for 1 hr, wich
representing 96.3% joint efficiency relative to themagnesium
alloy parent metal.

Keywords — Solid State Bonding, Spark Plasma Sintering,
Ti/Mg Alloysdissimilar Material, Ti Al Intermetallic Layer.

. INTRODUCTION
Ti was became an interesting structural

nowadays because it possess low density (4.51°plith
high specific strength, high strength at

Magnesium as the lightest structural material hasnb
applied to bond with various materials such as#d[8],

Fe [9] and Cu [10] in order to reduce a weight of
component used in structural application.

Bonding Ti to Mg alloys was an effective way tother
improve a weight saving compared to Al and its yalo
However, bonding Ti to Mg alloys was a challengerkvo
because a large differences in physical propestieh as
melting temperature and thermal expansion. Morgover
there is no intermetallic compound exists betwdsmt
referred to binary phase diagram [11]. The repelated
to bonding between Ti and Mg alloys was still searc
recently. Transient liquid phase bonding betweerBAZ
(Mg alloy) and Ti64 was reported by A.M. Atied al.
However, a pure Ni coated on Ti64 surface was rsacgs
to obtain a successfully bonded, and a thick inétaftic
compound (IMC) layer that degraded shear strendth o
bonding material was formed due to eutectic licpiihse
formation during bonding [12]. Y. Fouetdal. studied the
bonding between pure Ti and AZ31 with Al insertbeet
fabricated by hot isostatic pressing (HIP), and
subsequently annealed. However, bonding component

materighowed a poor tensile strength due to a formatfahiok

intermetallic layer of 10 um at the Al/AZ31 intecfa[13].

elevate€. Tan et al. bonded a Ti64 and AZ31 together Wi131

temperature, good fatigue resistance, high comosi®r AZ91 filler metal by laser welding method. TiB&31

resistance and good biocompatibility. The

maionded with AZ91 filler metal showed a formation of

application of Ti and its alloys were automobiledan TisAl reaction layer at bonding interface with a thieks
aerospace component such as engine parts of raaing of 0.5 um, and exhibited higher tensile-shear gfen
that high output, fast rotation and high responssarew compared to joint component which applied AZ31 as a

required [1]-[2]. Moreover, Ti and its alloys wesdso
used in intake and exhaust valve in a conventioaalby
replacing with high strength steel to reduce a Weigf
component. In the field of aerospace, Ti was mossigd

in airframe and turbo fan engine to reduce a weimfht

aircraft and fuel consumption [3]-[4].

filler metal. Metallurgical bonding of Mg and Ti wa
achieved by diffusion of Al atom to Ti side andrfation
of interaction layer between them [14]. To contel
thickness of IMCs layer within nano-level, solidist
bonding by spark plasma sintering (SPS) methodHiggt
temperature and pressure could simultaneouslydated

Furthermore, good biocompatibility of Ti made itto sample was an interesting solution to fabricateigh
suitable to use in human body such as bone joirgfrength Ti/Mg alloys dissimilar bonding material.

prosthesis bone or teeth. To further reduce a weigh

There are many reports proposed about an advaafage

automobile or aerospace component, many research&®S method in solid-state bonding between similar o

have been tried to bond Ti or its alloys with Alogk. Y.

dissimilar materials such as short processing taned

Li et al. studied on bonding between pure Ti and 6061-Téefect-free bonding interface resulted in high bogd
aluminum alloy by electromagnetic stirring (EMS)strength compared to hot pressing [15]-[16]. Irs twork,

method. The electromagnetic stirring promotes thation

Al element in Mg alloy was selected as the interiated

of molten metal, resultedin the enlargement of tgnd element to bond with Ti. The effect of solutionat@ent

diameter and formation of fine spheroid grain ttrégh
shear strength was obtained [5]. M. Samavathral.

on Mg alloy before bonding on tensile strength was
discussed. Moreover, the effect of bonding paramsete

studied onbonding between Ti64 and Al2024 (Al glloysuch as temperature, time and pressure on bonding

with Cu-Zn interlayer by transient liquid phase PL

interface characteristic and tensile strength wé&o a

bonding method. These materials were successfuliijscussed.

bonded by solid-state diffusion of Cu and Zn ini64rand

Al2024 followed by eutectic formation and isotheima

solidification along the Cu-Zn/Al2024

interface [6]
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[I. EXPERIMENTAL PROCEDURE

Pure Ti rod (16 mm in diameter) with purity of 99%
and fourtypes of cast Mg alloys such as AZ31B, AZ
AZ80, and AZ91 were used in this research, and
materials were purchased from Nilaco Co. Ltd. Thee|
Ti contains H: 0.013, O: 0.13, N: 0.05, Fe: 0.3vif6, and
a chemical composition of Mg alloys were sin in table
1. The Mg alloy ingot was machined to rod shapé i
mm in diameter after that Ti and Mg alloys rod wetg
into 20 mm in length. Another batch of Mg alloys s/
solution treated at 420C°for 12 hr and subsequen
guenched in water, this teh will be named as Mg alloy
(ST). The surface of parent metal was preparedré
bonding by grinding and polishing. The surface ofvas
ground with SiC paper until 2000#, and polishechwit3
and 0.05 pum AlD; colloidal respectively. The surface
Mg alloys were ground with SiC paper until 2000#d
polished with 0.25 m diamond paste. The surfs
roughness of both Ti and Mg alloy were measuredr
polishing by roughness testing machine (ACCRETE
SURFCOM1400G) from 5 positions. The microstrire
of Ti, Mg alloys and Mg alloys (ST) was observed
optical microscope and scanning electron micros:
(JEOL JSM6500F: For bonding stage, parent metals w
inserted in carbon container and carbon punches
placed at both end of sample. Figa shws a schematic
drawing of component setting in SPS chamber, aoti
thermocouple was 1 mm away from sample the
temperature was precisely measured during SPS.
samples were bonded at 400, 420, 450 and®°C with a
heating rate of 15 °C/min for 0.8, and 2 hr, and
bonding pressure was selected at 10 and 40 MPa
atmosphere in SPS chamber was controlled in vac
and bonding sample was cooled in chamber afteiirge
stage.Fig. 1b shows a successfully bonded mate
between Ti and Mg alloys by SPS. After bonding, sies
were cut at bonding interface for microstruct
observation that performed by scanning elec
microscope and transmission electron microscop®I(.
JEM-201Q. The surface of sample for microstruct
observation was prepared by the same method a
alloys surface preparation, and etched by picrid. &€or
TEM observation, a sample was prepared by focus
beam (FIB) equipment (HITACHI FBRO00A) that samp
was sputtered until its thickness became lower thd®
nm. Three of tensile specimens were machined
bonding sample with a gauge length and diamete2(x
and 3 mm, respectively. Tensile test was perforrat
room temperature under testing speed.05 mm/min.

Table I. Chemical compositiord Mg alloys used in thi
research (wt%).

Mg alloys Mg Al Zn Mn
AZ31B Bal. 2.8 0.8 0.3
AZ61 Bal. 55 0.7 0.3
AZ80 Bal. 7.8 0.3 0.4
AZ91 Bal. 8.5 0.6 0.4

a

Pressure

Carbon
punch

Mg alloys

Carbon
container

Pressure

Fig. 1.Schematic drawing of component settin(SPS
chamber a), and lBonded sample

[ll.  RESULTS AND DISCUSSION
A. Microstructure of Parent Metals

Microstructure of pure Ti composed w-Ti matrix
without other phase with an approximate grain sz80
pm. Fig.2 shows a microstructure of Mg alloys (AZ31
AZ61, AZ80, and AZ91) before and after soluti
treatment used in this research. TB-Mg (Mgi7Al1))
particles were observed eaMgmatrix in all Mg alloys,
which they commonly located at grain boundary,
some of them were observed inside grain. The amotf
B-Mg particle was depended on an Al content inalloys
that amount ofi-Mg particle was increased lincreasing
of Al content in Mg alloys (fig. -1 to d-1). Fig. a-2 to d-2
shows a microstructure &g alloys after solution treate
at 420 °Cfor 12 hr, and subsequently quenched by wi
All of B-Mg particles were dissolved inta-Mgmatrix
after long time solution treated for all samplebeTinal
microstructure shows only o-Mgmatrix with an
approxinate grain size of 10um. The Al distribution
after solutiontreated was much uniform compared
before solution-treated.

Fig. 3 shows Al content measured on grboundary
and inside grain of Mg alloys and Mg alloys (STjea
bonded to Ti by SEMEDS. Far AZ31B and other Mg
alloys, the difference in Al content between insgtain
and grain boundaryas 2.5 and over 4.5 wt% (fig. 3
respectively. The different in Al content measufesim
two areas on Mg alloys matrix was high becausesAtlec
to segregte at grain boundary and formp-Mg particle
while it was depleted at inside grain after castiAger
solutionireated, the different in Al content measured fi
two areas on AZ31B (ST) and other Mg alloys (STk
only 1 and not over 2.5 wt% (fig. I, respectively. This
mean that the solution treatment was an effectie¢hod
to improve auniformity of Al distribution since this mac
all B-Mg particles dissolved into a matrix, and Al at
was diffused from grain boundary (high Al contenéa
to insde grain (low Al content are:

B. Microstructure Analysis on Bonding Interface

The bonding interface of Ti/Mg alloys and Ti/Mgals
(ST) observed by SEM was shown in fig. 4, which
crack, void or other contaminations were existedha!
bonding interface for all bonding samples. High lgiog
pressure cooperated with a good fic deformation of
Mg alloy resulted in a perfect contact between Ad 319
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alloy surface. The bonding interface of Ti/Mg ako{ST) dislocation density area was observed on Mg alidg s
shows two types of contact area, Ti contact withaflgy  (fig. 5c).
matrix and Ti contact with re-precipitgieMg (RP -Mg).

The re-precipitat§-Mg was formed during a sample was

cooled down in SPS chamber. The contact betweamd'i

RP B-Mg was found in some location, and an area contact
between them was small since BRIig has a plate shape

(fig. 4a). For Ti/Mg alloys dissimilar material,etcontact

area between Ti and remaingdMg (RE B-Mg) was

observed in some area (fig. 4b) of Ti bonded witfhhAl

content Mg alloy such as AZ80 and AZ91. This contac

area was not observed in Ti/Mg alloys (ST) becalisef 2
B-Mg particles were dissolved into Mg matrix after
solution treated.

.

Al content (wt%)

7
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N
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=

.

.

Al content (wt%)
o

AZ31B (ST) Az61(ST) AZ80(ST) Az91(ST)
Fig. 3. The distribution of Al element measuredgoain
boundary and inside grain of a) Mg alloys, and @ufon
treated Mg alloys after bonded to Ti

10 pm i o2 Pl i
Fig. 4. The bonding interface of dissimilar materia
between Ti and Mg alloy a) Ti/Mg alloys (ST) and b)

Ti/Mg alloys

ﬂh ,A(Qh H‘f CELTLI. . >

Fig. 2. Microstructures of as-received Mg alloyslja

AZ31B (b-1) AZ61 (c-1)AZ80 and (d-1) AZ91, and

solution treated Mg alloys (a-2) AZ31B (b-2) AZ6%2)
AZ80 and (d-2) AZ91 observed by OM

Fig. 5 shows a TEM observation at the bondinc
interface of Ti/AZ80 and Ti/AZ80 (ST) bonded at 400D
for 1 hr under applying pressure of 40 MPa. Higt
dislocation density area which dislocation formed ¢
network-like colony was observed in some area tiear m
bonding interface, this area was generated by hig.. = ok s o
applying pressure that cause a plastic deformatioMg Flg. 5. TEM_ observation on the bonding mterfac_e of
alloy side [17]-[18]. REB-Mg was also observed on the bonding materials bonded _at 400°C for 1 hrlundptyapg
bonding interface of Ti bonded with high Al conteviy pressure of 40 MPa a) Ti/AZ80 pjMg particle at the
alloy such as AZ80 and AZ91 (fig. 5a). The exiseent bonding interface of &), and c) Ti/AZ80 (ST)

RE B-Mg was confirmed by diffraction pattern, and high . ) .
magnification observation shows a dislocation nekwo From TEM observation, a good bonding interface
inside a particle that was also effect by applyimgssure Petween Ti and Mg alloys without micro crack, vaid
(fig. 5b). On the other hand, REMg was not observed in unsatisfied QX|de layer was ob'galned. Fig. 6_sh(ﬂi$/|—
bonding sample between Ti and Mg alloys (ST), digh E_DS analysis on the bonding interface of T|{AZ3]JBja

Ti/AZ91 bonded at 400°C for 1 hrunderapplying puess
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of 40 MPa. For Ti/AZ31B, a non-uniform diffusionylr  IMC layer was TJAl. This Ti;Al layer was also observed
of Al with a thickness of 25 nm was observed on then the bonding interface of Ti/Mg alloys (ST) boddey
bonding interface. The formation of thin and norferm  same condition. Fig. 8 shows bonding interface of
diffusion layer of Al was affected by low Al contein  Ti/AZ31B (ST) and Ti/AZ91 (ST) bonded at 475°C for
AZ31B (fig. 6a). The mapping of oxygen elementhr. From a bright field (BF) image of Ti/AZ31B (STa
confirmed that no oxide layer was remained at theding  discrete layer of BAl with a thickness of 30 nm was
interface after SPS in all samples. The oxide layas observed on the bonding interface (fig. 8a). As thigh
reported to obstruct a fresh surface contact dusolgd temperature, a reaction between Ti and Al was \easil
state bonding, resulted in a poor bonding strefg®). occurred compare to low bonding temperature of 4D0
TEM-EDS analysis on Ti/AZ91 shows a large high AlThe existence of FAl layer was confirmed by dark field
content area at RE-Mg particle remained after SPS (fig. (DF) image which T4Al became a bright layer in an image
6b). The uniform diffusion layer of Al with a thiokss of (fig. 8b). The continuous layer of ;hl was observed on
40 nm was observed on the bonding interface. Thhe bonding interface of Ti/AZ91 (ST), a high bamgli
uniform diffusion layer of Al with a similar thicless was temperature and high Al content in Mg matrix (figp)
also observed in Ti/AZ80. Compare to Ti/AZ31B, Alfacilitated a formation of Al layer that was clearly
diffusion layer of Ti/AZ91 was more uniform, and aobserved in this sample (fig. 8c). The brighdATilayer in
thickness was increased from 25 to 40 nm becaldsgha DF image with a thickness of 50 nm was observefigin
Al concentration in AZ91 matrix. The oxide layertae 8d. These results indicated that a high contertl af Mg
bonding interface of Ti/AZ91 was not observed aB@&S matrix resulted in a formation of thick and unifoffipAl
similar to Ti/AZ31B, which confirmed that an oxideyer layer.
was destroyed by applying pressure. A

Fig. 6¢ and 6d show TEM-EDS analysis on the bondin ar
interface of Ti/AZ31B (ST) and Ti/AZ91 (ST) bondadl
400°C for 1 hr, respectively. For Ti/AZ31B (ST), a &=
uniform diffusion layer of Al with a thickness of34nm
was observed. The thickness of Al diffusion layessw
increased compared to Ti/AZ31B because an incrgain
Al content at inside grain after solution treatméig. 3).
The bonding interface of Ti/AZ91 (ST) was showrfim
6d which no RE3-Mg was observed, and a diffusion layer
of Al with a thickness of 56 nm was observed. THe A
diffusion layer with a similar thickness was alduwserved
in Ti/AZ80 (ST). This increment of thickness comgaito
Ti/AZ91 was affected by an increasing of Al context
inside graln S|m|Iar to T|/AZSlB (ST)

Fig. 7. Bonding mterface of various bondlng maetksri
bonded at 400°C for 1 hr under applying pressudof
MPa a) Ti/AZ31B, b) Ti/AZ61, c) Ti/AZ80, and d)

Ti/AZ91

a o

I AZ318 (sT)

250 nm

Fig. 6. AIummum mapping on the bondlng mterfad:cab
Ti/AZ31B, b) Ti/AZ91, c) Ti/AZ31B (ST), and d)
Ti/AZ91 (ST) bonded at 400°C for 1 hr by TEM-EDS

250 nm

WK

Fig. 7 shows bonding interface of various bondini C i
materials bonded at 400°C for 1lhrunderapplying qunes &
of 40 MPa. Bonding interface of Ti/AZ31B (fig.7ahc o Y,
Ti/Az61 (fig. 7b) shows no existence of intermetall L, TR
compound (IMC) layer. On the other hand, a shorCIM
layer was observed on the bonding interface of Z8@&
(fig. 7c) and Ti/AZ91 (fig. 7d) since high Al comtein Mg
matrix contributed a reaction between Ti and AlI][20 Fig. 8. Bonding interface of T|/AZ31 (ST) and Ti/8Z
However, this IMC layer was barely observed becadse (ST) bonded at 475°C for 1 hr a) Ti/AZ31B (ST)_BF,
low bonding temperature that Ti and Al was diffictd  Ti/AZ31B (ST)_DF, c) Ti/AZ91 (ST)_BF, and d) Ti/AZ9
react. Diffraction pattern of IMC layer indicateldat this (ST)_DF
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C. Tensile Srength of Bonding Material various bonding times such as 0.5, 1 and 2 hr under
Fig. 9 shows an effect of solution treatment in Migys  applying pressure of 40 MPa. Ti/Mg alloys (ST) bedd
and Al content on bonding strength of sample bonated for 0.5 hr shows a poor bonding strength, only 72A
400°C for 1 hr under applying pressure of 40 MP4ST) exhibited a good bonding strength with a thieks of
Bonding strength of Ti/Mg alloys (ST) was higherAl diffusion layer of 42 nm. In the case of TI/AZBYST),
compared to Ti/Mg alloys for all bonding sampleer i~ all of tensile samples were broke during machinimg
bonded to AZ31B, solution treated of AZ31B resulted tensile sample. The thickness of Al diffusion layeas
increasing of bonding strength from 101.8+25 to.8283 decreased from 43 to 12 nm compared to sample konde
MPa, and three of tensile samples machined fromi 1 and 2 hr (fig. 6¢). Low Al content in AZ31B cha
Ti/AZ31B (ST) exhibited a similar bonding strength,short diffusion time of Al element resulted in poor
which reduces a gap of error bar. A large increased bonding strength of this bonding sample. This also
bonding strength of Ti/AZ31B (ST) was explaineddy occurred in Ti/AZ61 (ST) that one of tensile sampias
increasing in thickness of Al diffusion layer fra?6 to 43 broke during machining. Ti/AZ80 (ST) bonded for &5
nm (fig. 6a and 6¢), and an improvement of Al disttion also exhibited a poor bonding strength of 130.6 MPa
on bonding surface after solution treatment (fip. Bhis compared to sample bonded for 1 and 2 hr. A pertl
improvement in Al distribution also provided a wmihh  TisAl was observed on the bonding interface instead of
bonding strength obtained from three of tensile gam small layer because of short bonding time. Theselts
Similar to Ti/AZ31B (ST), bonding strength of Ti/&2 show that a short bonding time of 0.5 hr was néficgent
(ST) was increased from 115.1+24 to 138.5+15MPd,an for bonding between Ti and Mg alloys (ST) because a
uniform bonding strength was also obtained. Inghse of non-complete reaction between Ti and Al elemend, an
Ti/AZ80 (ST) and Ti/AZ91 (ST), a small increment indecreasing in thickness of Al diffusion layer. Té@mple
bonding strength about 15 MPa was achieved witimals bonded for 1 and 2 hr show a similar characteristic
increased in thickness of Al diffusion layer frod b 56 (Thickness of Al diffusion layer and a formation TGEAl)
nm (fig. 6b and 6d). The uniform bonding strengtasw at the bonding interface resulted in similar bogdin
also obtained from Ti bonded to AZ80 and AZ91 beeau strength for all bonding materials. This result idaded
a good distribution of high Al content was readilytained that applying bonding time for 1 hr was suffici¢at Ti-
without solution treatment. The small increment ofl interaction and diffusion of Al element from Maloys
bonding strength was affect by solution treatmett side to Ti surface. Consequently, a good bondirength
dissolved all brittlep-Mg particles into a matrix, and between Ti and Mg alloys (ST) was obtained.
improve a distribution of Al on bonding surfaceuksd in Fig. 10b shows an effect of bonding pressure on
a small increased in thickness of Al diffusion laye bonding strength of Ti/Mg alloys (ST) bonded at 400
Moreover, a continuous layer of Ml was observed in Ti for 1 hr under applying pressure of 10, 20, andv#a.
bonded to AZ80 (ST) and AZ91 (ST) resulted in higheThe bonding strength obtained from these three ingnd
bonding strength compared to Ti/AZ31B (ST) andonditions was rather similar, and none of bonding
Ti/AZ61 (ST) which small layer of TAl was observed. samples fabricated by applying low pressure of 1PaM
The TiAl layer was formed by a reaction betweerexhibited a poor bonding strength. This was exgldiby
diffused Al and Ti at the bonding interface of TZ80 a good deformability of Mg alloy that a perfect tast
(ST) and Ti/AZ91 (ST). between Ti and Mg alloys surface was easily aclieve
250 even at low bonding pressure [21]. The dislocapded-
::::“al':‘“’";””;:‘:‘:m up area was increased on Mg alloys side for sample
e . bonded under 40 MPa compared to 10 and 20 MPa, but
this was not effect on a thickness of Al diffusi@yer,
TisAl formation and bonding strength. Applying low
. bonding pressure has an advantage that a cracking o
carbon container was prevented when it was used for
many times.
Fig. 10c shows a bonding strength of Ti/Mg allo$3)
bonded at various temperatures for 1 hr under apply
pressure of 10 MPa. Bonding strength of Ti/AZ318)S

N
(=
o

[=

wu

o
I

100 -

Bonding strength (MPa)

w
o
1

o: R N N —a and Ti/AZ61B (ST) was gradually increased when
0 2 4 6 8 10 increased a bonding temperature from 400 to 475°C,
Al content (wt%) which bonding strength increased 15 and 27 MPa for

Fig. 9. Effect of solution treatment in Mg alloysdAl Ti/AZ31B (ST) and Ti/AZ61 (ST), respectively.
content on bonding strength of sample bonded &@l00 Moreover, a more uniform bonding strength was oletzi
for 1 hr under applying pressure of 40 MPa from three of tensile samples when bonding tempezat
was over 420 °C because high bonding temperature
Fig. 10 shows an effect of bonding time, bondindacilitated a reaction between Ti and Al elemerftisTwas
pressure and bonding temperature on bonding stresfgt confirmed by a formation of discrete ;Al layer at the
Ti/Mg alloys (ST) dissimilar material. Fig. 10a st®a bonding interface of Ti/AZ31B (ST) at 475 °C (figa).
bonding strength of Ti/Mg alloys (ST) bonded at4Df@r The bonding strength of Ti/AZ80 (ST) and Ti/AZ91T(S
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bonded at 475 °C was increased compared to samplgrovement of bonding strength by increasing inding
bonded at 400 °C in a small value of 12 and 9 MP&mperature (fig. 10c). In the case of Ti/AZ31B J%hd
respectively. The characteristic at the bondingrface of Ti/AZ61 (ST), bonding efficiency was large improved
Ti/AZ80 (ST) and Ti/AZ91 (ST) bonded at 420, 456da when bonding temperature increased from 450 to%€75
475 °C was rather similar which corresponded tdr thebecause a formation of small ;Al layer (fig. 8a).
bonding strength. However, a thick and continuous\lT Bonding efficiency of Ti/AZ80 (ST) and Ti/AZ91 (ST)
layer with a thickness of 50 nm (fig. 8¢c) was easilwas also improved but in a small value compared to
observed on the bonding interface of Ti/AZ80 (Sha Ti/AZ31B (ST) and Ti/AZ61 (ST) because no signifita
Ti/AZ91 (ST) bonded at 475 °C compared to 420 &@ 4 changes at the bonding interface. The highest gndi
°C because of good reaction between Ti and Al gh hi efficiency of 96.3% was obtained from Ti/AZ91 (ST)
bonding temperature. Ti/AZ91 (ST) bonded at 475 °Gonded at 475 °C for 1 hr under applying presstiré0o
shows the highest bonding strength among dissimildPa. This sample shows an excellent bonding sthengt
materials of 193.4+8 MPa. Increasing of bondinghat was closed to a tensile strength of AZ91 (Bdrent
temperature was facilitated a Ti-Al reaction at bloeding metal.
interface resulted in an improvement of bondingregth. 100

= ——Ti/Mg alloys (ST)_400_0.5_40 a 90; o /_,::’:g:’:g
B s 80 gl et
= —se=Ti/Mg alloys (ST)_400_2_40 :\; ] ,—”:, 4@:,,
: FE o I
Eﬂlm % 50?
3 £
2 0 B 30 ] ©Ti/Mgalloys (ST)_400_1_10
cg ] [OTi/Mg alloys (ST)_420_1_10
0 o z M é b o 20 7 ATi/Mgalloys (ST)_450_1_10
Al content (wt%) 10 4 OTi/Mgalloys (ST)_475_1_10
250 ]
] B i g b o R R " L L
T AT Me oy 1142040 | A Al content (wt%)
§m 4 Fig. 11. Effect of bonding temperature and Al cobten
[ bonding efficiency of Ti/Mg alloys (ST) dissimilar
B material bonded at 400, 420, 450, and 475 °C for 1
5 | under applying pressure of 10 MPa
g 50:
IV. CONCLUSION
0 2 T 4 " 6’ N 8 o 10
Al content (wt% Ti and Mg alloys were successfully bonded by apyi
=y c SPS which high temperature and pressure was
s || e simultaneously introduced to sample. The diffusiérAl
E | imimitisie element from Mg alloy side to the bonding interfaoel
£ 150 - formation of TiAl intermetallic layer were considered a
§ ] c Y bonding mechanism between Ti and Mg alloys. The
e | conclusion was written below.
g ol 1. Solution treated of Mg alloys provided a uniform
distribution of Al element, and increased Al corttien
‘‘‘‘‘‘‘ a matrix resulted in uniform bonding strength and

’ : A.;c;n,;n;(;"t;, B improvement of it. N |
Fig. 10. Effect of a) Bonding time, b) Bonding mese, 2. Mg a!on possessed high Al content exhibited a &éigh
and c¢) Bonding temperature on bonding strengthiddg bonding strength compared to Mg aIIQy possessed low
Al content when bonded to Ti. High Al content

alloys (ST) dissimilar material provided a thick Al diffusion layer and facilitatead
Fig. 11 shows a bonding efficiency of Ti/Mg allo§&T) formation of TiAl layer at the bonding interface
bonded at 400, 420, 450, and 475 °C for 1 hr under resulted inincreasing of bonding strength.
applying pressure of 10 MPa. The bonding efficiemas 3. Variation of bonding pressure from 10 to 40 MPa had

simply calculated by (1). no effect on bonding strength since a perfect @inta
Bonding efficiency =@b/op) x100(1) betwe_en Ti and Mg alloys was rgadily obtain_ed under
When,s,= Bonding strength of bonding sample (MPa) applying pressure of 10 MPa. This was explained by
o, = Tensile strength of parent Mg alloys (MPa) good deformability of Mg alloys at high temperature
The result shows that a bonding efficiency of eacfi- APPlying bonding time for 1 hr was sufficient for
bonding material was gradually increased when bandi ~ bonding between Ti and Mg alloys because long
temperature was increased. This result correlaiétl am bonding time of 2 hr also gave a similar bonding
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strength. Sample bonded for 0.5 hr exhibited | [18] R-l\él- (;/_V?ngyt'A- El_iezt-:rr{ E-tGutma (/Zxcz)gi)b “Microstructures
H T an Islocations In e stlresse magnesi )"
bonding strength (except for Ti/AZ91 (STdue to a Mater. Soi. Eng, A 344, 270987 gnesiays
short Al diffusion time resulted in n-complete [19] V.Y. Mehr, M.R. Toroghinejad, A. Rezaei. (2014). “The
reaction between Ti and Al in Mg allc effects of oxide film and annealing treatment on the b
5. For Ti/AZ31B (ST) and Ti/AZ61 (ST), increasing Sthe_ngth;; ?lﬁfulgirips in cold roll bonding proct,” Mater.
. o : esign. 53, 174-181.
bor.]dmg temperature fro.m 400 to 4°C resultedlln [20] R. gAbedi, A. Akbarzadeh (2015) “Bond strength and
an improvement of bonding strength by a formatib mechanical properties of th-layered
TisAl layer. Bonding strength of Ti/AZ80 (ST) a St/AZ31/Stcompositefabricatedbyrconding,” Mater. Design.
Ti/AZ91 (ST) was little improved when bondii 88, 880-888.
temperature was increased from 400 to #C [21] F. Guo, D. Zhang, X. Fan, J. Li, L. Jia F. Pan. (2016).

“Microstructure, texture and mechanical propertiesiwionof
pretwinning Mg alloys sheets during large strain haltimg,”
Mater. Sci. Eng. A. 655, 9299.

because no significant changes in characteristibes
bonding interface.

(1

(2

(3]

(4]

(5]

(6]
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