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Abstract
Wetting properties between silver—copper—titanium braze alloys with different titanium contents
up to 2.8 mass% and hexagonal boron nitride ceramics were investigated using sessile drop
method at 1123K in Argon.
over 0.41 mass%.

The final contact angle is less than 30° when the Ti content was
Meanwhile, the contact angle curves show different behavior. In case of
using braze alloy containing 2.8 mass% of titanium, the initial contact angle is acute angle just
after the melting of braze. In case of brazes containing titanium less than 2.26 mass%, the
contact angle is larger than 90° at the beginning and slowly decreases to acute angle. The
reaction layer of titanium nitride is observed at the interface. In addition, the reaction of Ti in

the braze and N in the bulk h—-BN seemed to show diffusion limited spreading.

Key Words :
Composition dependence, Sessile drop method

Silver-copper-titanium braze alloy, Hexagonal boron nitride, Contact angle,

1. INTRODUCTION

Bonding of ceramic to metals is a common
requirement for their successful application,
and the approach of a new combination on the
joint 1s a common requirement for high
functionality to the products in recent years.
However, there are some problems such as the
joint defect due to thermal stress in the joint
field and material deterioration by heating in
these dissimilar joining’. Among many joining
methods, brazing has good characteristics for
dissimilar joining process due to suppression of
damage to the base materials.
various

Boron nitride ceramics has a

functional characteristics. Especially,

hexagonal boron nitride (h-BN) has a good
thermal resistibility and Solid—lubrication2, and
wettability to the brazing metals is relatively
low compared to the other ceramics®?, so it is
difficult to braze h—-BN to another material.
Because joining characteristics are affected by
wettability, it is considered that brazing of
h-BN is worthy of attention to utilize dissimilar
brazing of another ceramics and metals. On
the contrary, its characteristic of solid
lubrication makes difficulty in brazing h—-BN
and the other materials because most of the
molten metals show low wettability to h—BN.

Addition of titanium as an active element in
Ag-Cu alloy braze makes it possible to braze
h-BN  and carbides

tungsten direct1y4.
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Previously, some research works
carried out about composition dependence of
the brazing focusing on the reaction of Ti with
h-BN, but few in case of the Ti content was
under 2 mass%. In this study, the time
dependence of contact angle between h—-BN
and Ag—-Cu-Ti alloy braze is described using
sessile drop method, and in order to investigate
interface,

the reaction layer of the

cross—sectional observation and elemental

analyses of interface layer were performed.

2. EXPERIMENTAL PROCEDURES

Wetting properties of h—-BN with respect to
molten Ag—-Cu-Ti braze alloy were estimated
using the sessile drop method. For this, block
shaped Ag-Cu-Ti alloy and a h—BN plate were
prepared and degreased as mentioned above.
The surface roughness (Ra) of the h—-BN plate
was approximately 1.2um because it includes
many pores due to low relative density. The
Ag—-Cu-Ti block was placed on the h—-BN plate
in a vacuum chamber, and the chamber was
evacuated to decrease the pressure to at least
3.7x10™" Pa. The
specimen was heated
up to 1023K, which is

Table 1 Braze used
in the experiment.

70.90 bal. 1.28
70.15 bal. 2.26
69.61 bal. 2.80

substitution cycle was

repeated at least four

higher than the Elements
melting point of the (mass %)
braze alloy and the No Ag Cu Ti
brazing temperature in 1 72,01 Bal. 0.00
vacuum; then, the 2 71.49 bal. 0.28
) ’ 3 71.53 bal. 0.41
evacuation and Ar 4 7134 bal. 063
(99.999% purity) " 5 7121 bal. 0.85
6
7
3

times. Finally, the

heated to 1123K in Ar

atmosphere, and the contact angle of the

specimen was

molten braze alloy and the h—-BN was measured
under latm of Ar atmosphere, which was
continuously flowing at a finite flow rate.
Nominal compositions and properties were
summarized in Table 1 and Table 2. Samples
were subsequently cross—sectioned, grinded
by SiC paper and polished by 3um-lpm
provide

polycrystalline diamond to

microstructural information. Cross-—sectional
observation and elemental analysis of the
interface were performed using electron probe

micro—analyzer and X-ray diffractometer.

3. RESULTS

Figure 1 shows the time dependence of contact
angle between h—-BN and Ag-Cu-Ti braze at

1123K. In case of braze without Ti, the

contact angle was about 160° and time
180
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Fig. 1 Time dependence of contact angle
for Ag-Cu-Ti braze alloys at 1123K.

Table 2 Boron nitride used in the experiment.

Nominal composition Bend strength Dfansity { Relative Ra Size
(mass %) (MPa) (X107 kg / m®) Density (%) (um) (mm)
h-BN > 99.993 32.5 1.93 82.5 1.19 20%20%5
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Fig. 2 Map analysis of Ag-Cu-1.28%Ti
braze alloy / h-BN interface (edge).

With

increasing Ti content, contact angle decreased

dependence was not observed.

fast and final contact angle was achieved in
In case of 2.80% Ti in

braze, the contact angle was acute angle at the

rather short period.
melting point. Small addition of Ti increased
the changing rate of the contact angle, and the
rates were nearly the same for Ti contents
from 0.28% to 2.25%.
contents increased to 2.80%, the changing rate

However, when the Ti

became low.

Figure 2 and 3 show map analyses of
h-BN/Ag-Cu-1.28%Ti braze
contact angle measurement near the edge and

interface after
central area. From these distributions of
elements, the concentration of Ti near the
interface was observed, and thickness of Ti
infiltrated layer was evaluated as 2-10um in
Fig. 2. The thickness of Ti infiltrated layer at
the tip of the edge was thinner than that of the
inside area as shown in Fig. 2. In most cases
of Ti content, the concentration of Ti at the tip
of the edge was thinner than that of inside area
as shown in Fig. 2. In the central area, the
continuous Ti layer was observed at the braze
side of the interface and also infiltrated to
h-BN.
layer was continuously or seldom increased

In most cases, the total thickness of Ti

toward the central area of the interface, so the

Fig. 3 Map analysis of Ag-Cu-1.28%Ti
braze alloy / h-BN interface (central area).

value of center was a little larger than that of
the inside area of the edge or nearly equal to it.
Figure 4 shows XRD profiles of the interface
and braze after contact angle measurement
specimens. Some kinds of titanium nitride
existed in both interfaces using 0.63% Ti and
2.80% Ti doped in (a) and (b). While CusTi

existed only in 2.80% Ti doped braze in (b).
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Fig. 4 XRD profiles at the interface and
bulk braze.
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4. DISCUSSIONS

In this study, the effect of oxidized titanium
to the measurement of contact angle cannot be
ignored because Ti is easily oxidized even in
low partial pressure of Oy such as the order of
1072 Pa at 1123K’, which was much lower than
that of experimental atmosphere. Therefore,
when Ag—Cu-Ti braze alloy was melt, titanium
oxide film was thought to exist on the surface.
In addition, it is difficult to remove oxide film®
mechanically wusing ceramics drop tube
method”'” because Ti reacts with most of
ceramics.  Therefore, block shaped metal
specimen on the h—-BN plate was used in this
study.

From Fig. 1, most of the measurement
showed dynamic behaviors such as increase of
contact angle just after the specimen melt. It
was caused by change of the specimen’s shape
The difference of the

initial contact angle between in case of 0.28%

from cubic to droplet.

and of 2.26% seems as a deviation due to the
shape of an Ag-Cu-Ti alloy block
While in case of including 2.80% Ti,

initial contact angle is an acute angle of 46°,

initial

specimen.

probably that was caused by high initial content
of Ti near the solid-liquid interface adequate to
make reaction between Ti and N in h-BN. It
seems that only 0.28% in Ag-Cu braze can
reduce contact angle on h-BN in Ar. In
addition, with increasing Ti content, contact
angle decreased rapidly. It seems that the

difference of final contact angle between

3,5,6
former researches™”

and this study comes
from difference in atmosphere, initial braze
shape and surface roughness&g.

At the interfacial-reaction wetting stage, its
wetting rate was fast and nearly same value
when Ti content of metals was 0.28% to 2.26%.
This seems to show that the diffusion path of Ti
to h—BN at the interface, and the main reaction

mechanism are same in Ti content from 0.28%

up to 2.26%.
of metal was 2.80%, its wetting rate was not
smaller than that of 0.28% to 2.26%. This

difference from the

On the contrary, when Ti content

appears to arise

transportation of Ti in melting drop of
Ag-Cu-Ti alloy.

low concentration of Ti, the reaction around the

If the liquid metal contains a

triple line depends on the supply of Ti in the
On the

other hand, in case of high concentration of Ti,

liquid by convection and diffusion.

the reaction around the triple line depends on
the reaction velocity of Ti and h—BN because
adequate amount of Ti is supplied to the triple
line. In Fig. 2 (¢) and (d), it is found that the
larger content of Ti made thicker interfacial
reaction phase, which contains TiN3 1 o
other titanium nitride as Ti3N4_X12. Figure 3 (¢)
and (d) showed that continuous Ti layer was
formed in central area of the interface, which
On the

other hand, infiltrated Ti layer in Fig. 3(d) was

may be result in long heating time.
not so increased. These tendencies were
observed around all Ti contents. It seems that
thick interfacial reaction phase may interfere
with the diffusion of nitrogen and further
formation of reaction phaseg. The excess
amount of Ti was observed as CusTi from XRD
profile as shown in Fig. 4 (b). On the contrary,
most of Ti was consumed in case of 0.63% Ti
braze. The reason why drastic change did not
occur over 0.41% Ti seems due to excess

amount of Ti that did not reacted with h—BN.

5. CONCLUSIONS

The contact angle between h-BN and

Ag-Cu-Ti braze and effects of the Ti

content in the braze alloy to it were
investigated. Results of the study can be
summarized as follow:

(1) The contact angle between h—-BN and the
braze decreased to less than 30° in the case

of the braze with over 0.41 mass% of Ti, as
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measured by the sessile drop method at
1123K in Ar.

(2) An excess amount of Ti, which did not react
with h—BN, was found to exist in the form of
CusTi in the bulk Ag—Cu-Ti braze region.

(3) The diffusion path of Ti to h-BN at the
interface, and the main reaction mechanism
seems to be same in Ti content from 0.28%
up to 2.26% which seems to be different
from 2.80% at the

wetting stage and it appears to arise from

interfacial-reaction

the transportation of Ti.
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