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Borides at interfacial zone of 1C6 TLP bonded joints®
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Abstract: Transient liquid phase ( TLP) bonding technique was used in joining 1C6 alloy, a newly developed NizAl

based intermetallic material. Studies were focused on the borides at the interfacial zone, which were formed through the

diffusion of boron from the interlayer into the base metal during the bonding process. The morphology and microstructure

of the borides were investigated, as well as their growth mechanism and microstructure evolution with increasing holding
time. Both the needle like and the blocky borides were testified by EDS and TEM as Mo, NiB,, with (110) and (211) as
interfacial planes. The results show that the borides have some orientation relationship with that of the base metal, that is
(211) porides I (1171) gupsizater ST X poriges 1 €1237 guisrae- T he growth of the borides is controlled by long-range diffusion of so-
lute atoms. The borides are always enveloped by ¥-Niz(Al, Mo) films, which would influence the growth behavior of

the borides greatly.
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1 INTRODUCTION

Transient liquid phase (TLP) bonding technique
has been successfully used in joining heat resistant al-
loys, like Hastelloy X, Inconel 713C, In100, Udimet
500, 700, Mar =~ M200, 007, 247, 302, Rene 80,
TD-NiCr, MA754, 6000, PWA 1422, CSMX-2 etc,
which are susceptible to hot cracking or post-weld
heat-treatment cracking problems during fusion weld-

ing! ™. In addition, there were reports of joining

NiAl and TiAl intermetallics by TLP bonding
method” """, For example, Gale had investigated the
microstructure of NiAl/NiAl and NiAl/Ni joints in
detail, using pure Cu or Nr4. 55r3. 2B ( mole frac
tion, %) as interlayers respectively. They also devel
oped wide-gap TLP bonding strategies for cast Tt
48AF2Cr-2Nb ( mole fraction, %), using Tr48AkF
2Cr2Nb / Cu composite interlayer.

In the TLP bonding process, an interlayer con-
taining elements for depressing melting point was in-
serted between the base metal surfaces. At the bond-
ing temperature, the interlayer melted and filled the
joint clearance, then isothermal solidification occurred
by interdiffusion between the liquid and the base met-
al. No liquid would remain in the bonding seam when
isothermal solidification ended. By maintaining the
joint at the bonding temperature after isothermal so-
lidification, joint with chemical composition and mi-
crostructure similar with that of the base metal could
be achieved.

IC6 alloy, with the chemical composition of Nt

(7.578.5) AF (137 15) Mo (0.0170.1) B (mass
fraction, %), is a NizAl based alloy developed by
Beijing Institute of Aeronautical Materials ( BIAM )
for turbine blades and vanes, with the service temper-
atures ranging from 1 000 Cto 1 100 ‘C''". Joining
is an indispensable technique for the application of
this material. Some studies had shown that crack-free
welds could not be obtained for the cast Ni3Al matert
als by fusion welding!'>'*'. However, little research
had been reported on TLP bonding of Ni3Al materi
ak. In order to join IC6 alloy by the TLP bonding
method, we designed nickekbased filler metals with
1% ~ 4% (mass fraction) boron added as melting
point-depressant and sound joints were obtained' .
Due to small molecular size, boron could readily dif-
fuse into the adjoining base metal during the bonding
process and a large amount of borides would form at
the interfacial zone. In the present paper, the mor-
phology and microstructure of the borides, as well as
their growth mechanism and microstructure evolution
with increasing holding time are investigated.

2 EXPERIMENTAL

Pieces of 1C6 alloy of 20 mm in diameter and
3mm in thickness were cut from the ingot, which had
been solution treated at 1 250 C for 10 h and cooled
in argon gases. The interlayer used was 40 Hm thick
foils with chemical composition of N (10 = 15) Cr
(174) B (mass fraction, %), whose solidus and liq-
1080 C and

uidus temperature were
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1 120 C, respectively. The specimen surface to be
bonded were mechanically polished by SiC emery pa
per and then polished with diamond paste, followed
by ultrasonical cleaning in acetone and drying in air.
The bonding experiments were conducted at 1 220 C
in a vacuum furnace in which the vacuum was better
than 2 x 10” ? Pa, and the holding time ranged from 5
min to 24 h. After bonding, the specimen were sec
tioned and the analytical surfaces were polished and
etched with 30% hydrofluoric acid, 15% nitric acid
and 55% glycerin for observations by a JSM-5600
scanning electron microscopy (SEM). In addition,
chemical composition of the borides was examined
both by Link ISIS300 energy dispersive spectroscopy
(EDS) and JXA-8800R electron probe micro-analysis
(EPMA). Microstructure of the borides at the inter
facial zone was observed by JEM-200CX and H-800
transmission electron microscopy ( TEM ). Noted,
the selected-area diffraction patterns with “* 7 were
photographed by JEM-200CX, while the others were
photographed by H-800.

3 RESULTS AND DISCUSSION

3.1 Chemical composition

The chemical composition of the borides at the
bonding interface and the surrounding films examined
by EDS and EPMA is shown in Table 1, and the
compositions of ¥ and ¥ phase in the base metal are
It is evident that the
borides are mainly composed of Ni and Mo, with lit-
tle Cr and Al. The atomic ratio of Nito Mo is about 1
2, indicating that the borides have a chemical for-

also listed for comparison.

mula of MooNiBy. Fig. 1 shows the line scanning
composition profile of the borides by EPMA. It can
also be clearly seen that the borides are rich in Mo and
poor in Al. In consequence, the Mo content of ad-
joining base metal is reduced, whereas the Al content
is increased. As given in Table 1, the films enclosing
the borides has a chemical composition of \/-Nig( Al
Mo), and the Al content is slightly higher than that

of the Y phase in the base metal far from the inter
face.

Table 1 Chemical compositions of phases in
IC6 TLP bonded joint ( mass fraction, %)

Location Ni Mo Al Cr B

26.28 70.68 - 2.80 7.30

Borides

Films enclosing

84.79 7.49 6.81 0.02 *

borides
v phase in 76.21 20.14 2.25 - -
base metal
¥ phass m 80.95 12.73 5.70 - -
base metal

* B could not be detected accurately, but could be estimat-
ed by total (100% ) minus contents of other elements.

3.2 Morphology

Fig. 2 shows the bright-field image and selected
area diffraction( SAD) patterns of the borides observed
by TEM. There are mainly two kinds of morpholo-
gy, needle-like or blocky, and some borides have pla-
nar interfaces. By calibrating SAD patterns of B =
[001], [100] and [010], we know that the lattice
parameters of the borides are in accordance with
Mo2NiB; listed in Ref. [ 15], showing that Mo,NiB;
has a body-centered orthorhombic structure and lat-
tice parameters of a= 7.03 U, b= 4.74 U, c= 3.
13 U

In addition, it is known from the bright-field
image and relative SAD patterns that the planar faces
corresponds to ( 110) or (211) planes, as shown in
Fig. 3. Since {110} and {112} are the close-packed
planes of body-centered cubic metals, it can be esti
mated that for body-centered orthorhombic structure
with lattice parameters a> b> ¢, (110) and (211)
pack more closely with larger plane distance. As could
be expected, these closely packed planes have lower
growth rate, and the morphology of the borides
would be determined by the growth rates of the
(110) and (211) planes.
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Fig. 1 Morphology of borides(a) and elemental line scanning composition

profiles at interfacial zone by EPMA ((b)~(e))
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Fig. 2 TEM bright field image of borides and SAD patterns
(@) —Bright field image: (b) —B= [001]; (¢) —B=[100]; (d) —B= [010]

Fig.3 Borides and corresponding SAD patterns
(a) —Needle like borides; (b) —Corresponding B= [ 001]; (¢) —Blocky borides; (d) —Corresponding B=[1 1 3]

3.3 Growth mechanism

Fig. 4 shows the orientation relationship of the
borides with the substrate from SAD patterns, which
could be described as ( 211) porides I ( 111) cubstrates
T Dporides I €123 Dubstrates and (211) plane of the
borides has little discompatibility with (111) plane of
the Y substrate by calculating their plane distance re-

*

spectively. As a result, the borides would be parallel
to each other, or intersect by certain angles. Since
the borides has a wholly different structure and chem-
ical composition with that of the substrate, their for-
mation and growth require two prerequisites. First,
the solute atoms should transfer from the base metal
to the phase boundaries to satisfy the composition
need. Second, the atoms nearby should adjust their
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location. Therefore, those planes in the borides like
(211), which has good compatibility with the sub-
strate, can reduce the interfacial energy and make the
formation of the borides easier. It could be presumed
that the borides grow by a terrace mechanism con-
trolled by long range diffusion of solute atoms''®,
testified by the small terraces on the surface of the

borides in Fig. 5.

Fig.4 Orientation relationship between SAD

pattern of borides and substrate’
( ( 21 1) borides ” ( 1 11) substrate <1 11 >b0rides ” <123 >suhslrate

3.4 Microstructure evolution of borides with imr
creasing holding time

Increasing the holding time from 5 min to 24 h
at 1 220 C caused great changes in the morphology,
amount and distribution of the borides at the bonding
interface, as shown in Fig. 6. When held for 5 min,
a lot of borides formed, parallel to each other or inter-
sected by certain angles. When held for 4 h, the
borides aggregate and ¥ films are interconnected. Howev-
er, as the holding time increases to 24 h, the amount of the
borides decreases. Furthermore, Y films become isolated
from each other.

Schematic ~ explanation is shown

in Fig.7. Since the intersecting point of ¥ " films

Jgen

3Wham

Fig. 5 Small terraces (as pointed by white

arrows) existing on surface of borides
(a) —Needle like boride; (b) —Blocky boride

has a smaller vertex angles, it would result in a high-
er content of solute according to Gibbs-Tompson s

1161 " Then the solute, Mo etc would transfer

principle
to other places by the driving force of composition grads,
making the vertex angles even smaller. Finally, the Y
film becomes disconnected and envelopes the borides sepa-
rately, and then the solute atoms cross the Y film to
reach the borides. Because the Y film could hinder the
diffusion of Mo element into the borides, the amount and
dimension of the borides begin to decrease when the solute

oould not be supplied enough for their growth, until they

Fig. 6 SEM photos showing evolution of borides with increasing holding time at 1 220 C
(a) =5 min; (b) —4 h; (¢) —24 h
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Fig. 7 Schematic illustration of solute diffusion direction as holding time increases

4 CONCLUSIONS

1) The
Mo,NiBy, with a body-centered orthorhombic struc
ture and ( 110) or (211) as interfacial planes. The
borides have some orientation relationship with the
substrate, that is, ( 211) porides I ( 111) sbstrates
(111 Dporides | €123 Dsubstrate-

2) The growth of the borides is controlled by
long-range diffusion of the solute atoms.

3) As holding time at the bonding temperature
increases, the initial interconnecting ¥ films become

borides have chemical formula of

disconnected and envelope the borides separately. The
amount and dimension of the borides decrease until
they disappear completely.
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