THE STRUCTURT OF THE WELDED ZONE AND PHASE  TRANSFORMATION
BEHAVIOR OF Ni-BASED 3L K-GLASS FORMING ALLOY

PV, [0117LUE!'IL" I a]gm "G Xie', T. Tsumura®. K. Nakata™, Y. Murakami'. 1. M. Kimura' and
A Inong!

F!n.sxfnm'ﬂ;r Matericds Rexeorch, Fohoku University, Katahira 2-7-1, doba-Ku, Sendal 9850-8577,
Japn
“Iaining & Welding Research Iastitute. Osaka University, Milwgaoka, tharaki. fhaka 3670047,
e

ABSTRACT

The crvstatheation behavior and  the structure of the welded samples of  Lhe
NizaNba TipZreCosCuy glassy alloy are studied. A targe supercooted liguid region of about 50 K
abserved enables its successTul welding. On heating the supercooled Hquid crvstallizes by
polymorphous mechanism forming a single metastable hR14 NizTi; phase which further
transtorms at higher weimperature forming several equilibrium phasces. Tts compositinn was found
0 be very close {equal within the confidential interval} to that of the glassy phase. The kinetic
analyss contirmed the interface-controlled polymorphous transformation mechanism observed.

Good bonding between two glassy samples was obtained after welding, The results
indicate thal with an increase ip the welding speed from 2 to 3 m/min the siructure of the welded
zone changes (fom the amorphous + BR 14 Nig T erystalline phase to an almost single amorphous
one, By adjusting the welding speed onc can obtain the desired microstrierre. The samples
clectron-beam welded at the beam current of 4 mA and voltage of 60 KV at a speed of 3 mimin
were Found to be almost amorphous. The results indicate successii]l welding of the Ni-hased
glassy samples.

INTRODUCTION

Bulk plazsy alovs with a size exceeding 1 mm in three dimengiona! space were obained
by stbilization of the superceoled liquid against erystallization ar the relatively Jow cooling rate
of fess then 100 ks from liguid state in (e various, mostly multi-compenent. metallic alloys ™
These allovs are promising materials for structural applications as they exhibit high mechanical
strength. high hardness. good fructure wughness. good corrosion resistancee™, ote.

in pdrtiaulur bulk L,idb\ {formation was achicved in various Ni- ba:,cd allov systems: Ni—
FACRETE R 9111 . Ni-NB-Ti-Zr". Ni-Nb-Ti’. Ni-Nb-Ti-H1%7, Ni-dh-Sa'” anid 50 on, which are
actuully 2 gmup of LIM-ETM or LTM-ETM-M allovs (where LTM is{are) Inte transition
metal(s). FTM istarey early tunsition mwtal{s) and M is metalloid or Snk These alloys are
promising candidates for streenmal applications owing to their high streneth aftaining 3 GPa
NizNby TinZrdloCuy bulk glassy alioy oxhibits a high fensile fraclure strength of 2700 MPa
and a eritical diameter of 3 mm''. NisoZir Vi ‘iixSn Nb: bulk glassy alloy which showed a
significant plastic deformation of 6.3 % to Bilure'® may coniain nanoparticles which are ned
deteetable by an X-ray dilfracion (XRD) te clinigque, Devitrification behavior of Ni-Ns-Ti Ni-
Nh- 177, Ni-Nb-Ti-Zr and Ni-Nb-Ti-Ze-Pe? glussy alloys has been studied recently.
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At the same time a Bmited size of bulk metallic glassy samples requites bondmg
icchnology to obtain industrial-size samples. Tn the present work we study the crystallization and
welding bebavior of the NiaNboTipZeyCosCus glassy slloy. This alloy is 2 good candidate for
study as it has onc of the highest GFAs among Ni-based allovs and a larpe superconled liguid
region.

EXPERIMENTAL PRGCEDIIRE

An iagol of the NigNba11ZrCosCuy alloy was prepared by are-melting using pure
clements of 99.9 mass® puritics in an argon atmosphere. Ni-based metallic glassy ribbon with a
width of 40 mm and thickness of 25 pm used in this study was produced by rapid solidification of
the melt on a single copper roller at a roller tangential velocity of 42 mis. The structure of the
saunples was examined by X-ray dilfractometry (XRDY with monochromatic CuK, radiation. The
structure of the welded bead was studicd using o micro-ares XRD (CuKy radiation) with a
collimator size of 30 pm. The phase transformations were studied by differential scanning
calorimetry (DSC) at a heating rate of 0.47 X/s and differential isothermal calorimetry {DIC).

As the laser welding heat source. diode laser welding apparatus KATAOKA LO-YAG
HP300a was used. The welding was carried out at the diameter of the laser beam of 0.3 mm, the
laser beam power of 26 W, and the welding speed range of 210 3 m/min. MITSURISIHI EM-9EHB
election heam welding apparatus was used as the election welding heat source. The welding was
carried ouf at the accelerating voltage of 60 kY. beam current range of 3 to & mA, welding speed
of 4 m/min under an evacuated atmosphere of about 0.1 Pa. In order to prevent crystallization at
the heat affecied zone copper plates were used as the cover and backing plates. The cover plate
has had a skt of 0.6 mm in width which is similar in size to the laser’electron spot diameter,

Transmission electron microscopy (TEM) investigation was carried out using & J1iM 2010
{(JEOL} microscope operating at 200 kV equipped with an energy dispersive X-ray (EDX)
spectromeler of 0.1 keV resohution. The samples for TEM were prepared by the ion-polishing
technigue.

RESULTS

Thermal stahility and crystaliization hehavior of the glassy alloy.

First of all the crystallization behaviour of the NisNbaoThyZrCosCus alloy on heating
was studied in order to determine the temperature inlerval of welding. A DSC trace taken within
the present work is shown n Fig. 1 (g). The sample undergoes glass transition, {ollowed by a
large supercooled liguid region and (hen two exolthermic reactions due w erystatiization. The
glass tramsition temperature (Ty). temperature of crystallization (1), und melting femperature
{ T are 845 K, 897 K. and 1265 K. respectively. This alloy has a very high 1, of 0.67.

o

. H — v
HL) asrkel e J!'rfff tti ei ;
5 H ._
L a3 I
) PR H B
: Ei .
= h ! Y E
% Ty Ty i E§ | |fl l|]I a5 K 13
M - 1 J Iy BTl :
* et bl T ‘;‘r . Jé{ ! / \ * AT G TANAGSPEI EIELEANANESTRA S
MRS MK S W0 B IO RN g 1l L s Inflevaz - acuiation pancd?
Fanpais (K c E- .ﬂl_s:am 0 2500

Fieure L. {o) DSC trace amd {9} DIC traces oblained 2t 855 865 and 873 K for the studied alloy. Fraction
wrangforned v {05 shown withow incubstion peried. (C) Aveami analysis for the fraction mansformed as a
funciion of {ine.

4 - Characterization and Contro! of Interfaces for High Quality Advanced Materials It



Welded Zone and Phase Transformation Behavior of Ni-Based Bulk-Glass Forming Alloy

Upon heating the studicd glassy alley initally devitrifies through a supercoaled hquid
producing a multcompanent hRT4 Nigliz phuse (the lattice paramseters a=1.12am, c—0.51 nm;j
starting at about 900 K and hR 14 Nie -Nh, « phase at about 950 K (Fig. 2).
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Fipare 2. XD pagerns of the studied afiov 1w Figurs 30 Micro-aren XRD patlerns of the laser-boewn
ge-sobdified ek monenled sates as tndicmed. weelded samples, Welded bead, apper and botiom side.

The isothermal calofimetry traves obtained at dilferent lemperatures shown in Fig. 1 {b)
were anatyzed using an Avrami method {including the Teastsquares fitling of the Aveami plot) for
the fraction (ranstormed as a function of time (Fig. | {¢)) according to the following kinctic law'*
fur the vohume fraction L) transformed as a function of time (1)

=1 expl &M (n

The existence of the incubation perind and the Avrami exponent values of about 4
indicate that the studied abloy undergoes nuclestion and growth-type toansformation by
pahvmorphous reaction on eating above the heating-rafe dependent erystallization femperature,

Laser heam welding of glassy samples,

KR patterns of the samples liser-beam welded at different speed are showa in Fig. 3. As
well as in the heat treated sample the hR14 NigTh-tvpe phase was found o precipitate within the
contral area of the sample laser beam welded at 2 and 2.5 memin (see Flos. 2 and 3. One can see
that the vohmne fraction of the ervstalfing phase decreases with an increase in the welding speed.
The appearance ol the welded sample s shown in {ig. 4.

Weld bead

Frawre 4, Opticataderograph ol the sample cubjected For lzaser beain welding,
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The TCM images of the welded zone in the sample welded at 2.5 mymin are shown in Fg.
3. The existence of the submicron hR13 Ni,Ti; solid solution type particles is observed in some
parts of the sample (1g. 3 (a)). Fig. 5 (b¢) shows the selected-area eleetron diffraction (SAED)
patterns indexed according to hR 14 lattice. The chemical composition of these mullicomponent
erystalline particlos and a vesidual amorphous phase after welding are shown in Table 1.

100 nm . - [122]

Figure 5. ¥8M images of the siudied alloy. {2y welded 7one and (e} the area zround the welded zane theat
affecred 7one). (b and e} SAEIY pafterns taken from the crystalline particles in (@} and indexed mecording
RR 14 Nig T, phase lathice. {d) SAED Fom the area i {e).

Table 1. Chemical composition of the hR 14 erystalline particies and a residual amorphons
phase after welding (at%).

Ni Nb Ti Zr Co Cu
Crystal i | 47.6 29.3 10.2 32 4.8 29
Crystal 2 | 46.2 30.1 6.0 10.3 4.7 238
Amorph, | 455 G 6.9 3.0 48 130

The areas around the welded zone with a large volume fraction of the glassy phase (Fig. 5
{e)} contain nanocrystals of Nig11y. The laser bean welded sample showed a tensile mechanicsl
strength of 410 MPa,

Flectron-heam welding of glassy samples.

The electron-beam welded samples shown In Fig, 6 were found 10 be almost amorphous
{Fig. 7). In other words the volume fraction of crystalline particles is lower compared to those in
the laser-hzam welded samples. A low fraction of the crvstalline particles were found in the
welded zone of the sample electron-beam welded at the welding corrent of 4 mA. However, in
some places the swrizce of the welded sample was oxidized. According to XRD data no crystals
were found in the thermally affected area around the welded zone.

*——  Weld be

Figure 6. The edge of the welded bead o the sample welded by clectron-beam al a bewn cutrent of 3.9 mA,
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Fiwre T {a-v) XRD panternes amd {d-pp TEM Dmages of e elecizon-welded sample of ihe studied alfos. XRD
of thy webled zone: D00 chear sren aod by onidized arcie sl (o) thenmally affevied anes, ody HRTEM page
inside e welded zoge, (03 SAFTY pattom, (£} hoipht- Tield image of the amorphons arca. {2} 0 single particle of
the BB 13 NLTI phase.

The electron beam welded samples showed much higher tensite strength (960 MPa)
compared W the laser beam welded samiples. No oxide particles were found in the body of the
sample. whicl allows us t0 concfude that the exidation took place on the sarface only.

DISCUSSION

The studied glazsy alloy exhibits a large supercooled higuid region on heating and initially
crystablizes by polymorphons reaction nsing sucleation and growih mechanism forming uniaxial
srwins of a metastable hRE NiTiy solid solation phase (LTM Co and Cu may substitute Nt wlile
EIM Zr and Nb are presumed to substitute 1) The kinetic analysis confirmed the interface-
contralled polymorphous transformation mechantsm observed. An Avrami cxponent valoe of
about 4 suggests the interface-controlled growth, The larice paranmeters of the multicomponent
BR 14 Nigliy phase are slightfy different from those™ of o binury phase. bBR13 Nia sNby s phase
and an unidentified phase form at higher temperatwre while the R 14 Nii T phase disappears.

Successful bonding is achicved after both laser-beam and clectron beam welding.
Eleciron-beam welding produces somewhat belter results compared to laser beam oue. Aot
fully amurphous samples were obtained with a small volume Haction of the hRE4 Nu'D; solid
solwion crystalline phase upon electron-beam welding, though some surface oxadation was
cheserved due to insulficien) vacuum, A complox oxide formed m some parts of the surlace has a
structure ol NigNb:0, one. The obtained results indicate high stabilily ol the sample wpon heatims.
It is alse found that with an increase in the laser-beam welding speed from 2 to 3 m/min the
structure of the welded zone chunges from the amorphous @ B4 NiyTis erystatline phase 10 an
almost single amorphous one. By adjusting the swelding speed cne can oblain the desired
microstructore. Within the sample welded at 2.5 m/min the metastable Wi, Tiz particle size varied
from & few nanometres in the outer area of the welded zone to a few bundreds of nanometres in
the center. | he clectran-beam samples welded at the beam current of 4 mA. voltage ol 60 KV and
a speed of 4 nvmin were found to be almost amorphous,
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The crystallization behavior and the sirscture of the welded samples of the
NisyNbuTinZrCosCuy alloy were studied. The results indicate successtul welding ol the glassy
alloy by the electron-beam welding. The obtained data are promising for future applications of
the lascr and electron-beam welding techniques to glassy alloys.
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