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Abstract

Al O;-AlyO brazing systems were produced using a one stage actively brazed
technique based on Cu-Ti, Cu-Zr, and Ag-Cu-Ti alloys. Single and double butt joints
were uged for micro-structural and mechanical properties studies respectively. The
joints that brazed by using Cu-7r filler-metal alloys (2% , 4% , 6% and 8% Zr weight
percent) have been showed low shear strengths at the Zr0; interface. Higher shear
strength were obtained by using Cu-Ti filler-metal alloys (2% , 4% , 6% and 8% Ti
weight percent), and eutectic {Ag-26%Cu-4% Ti). As judged by the phases formed

at the interface, Cus (AlTi)4( is more effective to wet and both aluming to alumina.
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Introduction

The development of & new
techniques to joint the structural
ceramics have the potential of structure
significantly fmpotting the advanced
ceramic industry. The most commonly
ysed method is the moly-rmanganese
process' . This process is well-
established and produced highly
reliable joints between ceramics and
alloys, However, the moly-manganese
process which requires two processing
steps of metalization the ceramic and
brazing is @ time consumiog.
Furthermore, the metalization process
is conducted at very high temperature
(~1500°C). In addition, joint
properties are sensitive to process
veriables and hence, precise process
control is required to obtain the
reliable joints, as a result, this process
is very expensive.

High shear strength ditect
brazing between cerarnic and ceramic
or meta) is the focus of studies in an
effort to select the successful active
filier-metats™ %, Because this is a one-
step process, it is simple and

economical. Although aciive metal
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. Cu, (AITi)O

brazing has been investgated since
1940, it has not been widely accepted
because  of  incomsistent  joint
prc—perties“ 1,

There are several methods of
the active metal brazing one methed
involves a sheet of titanium (the most
commonly used active element) that
can be cladded by two sheets of the
conventional brazing metal®. Another
technique wses  titanium  hydride
powder mixed with powders of
conventional brazing metals’®. The
most economical method utilizes a
filler-metal where an active element
forms true alloy with the base filler-
metall!’),

This work concenttates on the
microstructural and phases formed
throngh the interface between the
glurnina and filler metal alloy. The
rescarch has also focused on the
selection and design the brazing cycles

and shear test.

Experimental Procedures
Aluminz substrates of cubic
shape (14 x 14 x 10 mm®) were used

for brazing. The contact surfaces were
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polished with a 1200 silicon carbide
paper then cleaned uitrasonically in
acetone. Afier cleaning, 0.13g of the
brazing paste was painted onto the
surface to a thickness of ~{.1 mm.
The alumina joints were assembled as
shown in Fig. 1, and placed in the
vacuum  turnace.  The  brazing
temperatures were 1100°C and 980°C
for Cu-Ti, Cu-Zr, and the euteclic
filler-metal alloy respectively. The
samples were held at the brazing
temperature for 5, 10, 15, 30, 60 and
90 minuts, The furance was evacuated
to the pressure of 5x10° torr before
heating up to the brazing temperature.
The transverse sections of
brazed samples were examined by
optical and  scanning  ¢lectron
microscopies, with and without prior
grinding and polishing, Fig. 2 shows a
typical transverse section of brazed
samples. There will show the general
features of bonding. X-ray ditfraction
analysis were performed to identify the
reaction product the ceramic/filler
interface by the Philips PW 10530
diffractometer from {Fig. 3). The shear
test provides important information on
the mechanical properties of the joint,
namely shear strength. In  this
invesiigation the double brazed shear
test DBS!'! is a new type of the shear

test. The basic principle of the DBS

test is illustrated schematically in Fig.
4, using the test apparatus shown in
Fig. 5.

Experimental Results _and

Discussion

Heating Procedures

The main abjective of actively
brazed ceramics is to produce a joint,
essentially wetted by the filler-metal
allays by careful selection of heating
eycle to produce the suitable interfacial
reactions, It was observed that the
heating procedure is an important
parameter under vacuum atmosphere
as shown in Figs. 6 and 7. By using the
common procedure under the argon
atmosphere, lhe heating cycle was
about 10°C/min and the holding time at
the brazing temperature rate was about
90 min"". This means long time for
volatilisation of brazing element such
as copper or silver will iake place by
using  vacuum  atmosphere.  The
effective procedures for brazimg are
consistent with fast heating rate of
about 40°C/min or cven higher, at a
shortest souking time of about 10 min.
The main goal of these procedures is to
maintain  the brazing element in
vacuum atmosphere to enhance the
integral bond between the alumina and
the active brazing alloy (ABA).
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Bonding Mechanism

It was observed from the
transverse sections that extensive
rezction between ceramic and the filler
metal alloys which is characterize
areas by of hight and dark regions as
shown in Fig. 8 for Cu-Ti filler-metal
alloy and Fig. 9 for eutectic filler-metal
alloy. They are c¢learly observed that
these joints contain two phases (the
region between the two alumina
pieces). The first phase is the interface
and the second phase which is at the
middle region in between the two
interfaces. The second phase may call
as lace-work phase which means that
this phase will supply the first phase by
the active bonding element (Fig. 10).
Figures 11 and 12 compose the x-ray
diffragtion for the actively brazed Cu-
Zr and Cu-Ti. The main phase in both
lavers is the phase I corresponding to
Iy  for Cu-Zr  brazed and
Cuz{AlTi)0 for Cu-Ti. It was found
thai the low shear strength is due to the
formation of Zr0; phase in Cu-£r
system. On the other hand, the
formatien of Cux(AlTi)0  resulted
high shear strength. The present resuits
obtained from phases analysis can be
used effectively to proposed the

bonding mechanism for  actively
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brared ceramic-tp-ceramic as shown

schematicaily in Fig. 13.

Shear Strenath

The shear strength of the
effective brazed ceramics as cvaluated
from the double butt joints for different
types of filler-metals (Fig. 14) are in
the range of 15 to 42 MPa (Table 1) for
Cu-Ti and eutectic Ag-Cu-Ti filler-
metal alloys, while it is less than 2.5
Mpa for Cu-Zr filier-metal alloys. The
load-displacement for the fractured
specimens (Fig. 15} is shown in Fig.
16, From these results it can say that
the CuZr filler-metal =alloys was
formed a bad bonding mechanism
because of the interface reaction
created zirconia. It was not bonded
with the matrix due to residual stresses
formed from  high to low
transformation {t to m). Therefore,
brittle weak bond resulted from Cu-Zr
filler-metal system when joining the
ceramics. While Cu-Th and Ag-Cu-Ti
filler-metal alloys showed goed shear
strength due o interface structure of
Cuz{ AlTi)40 bonded with the matrx.

Conclusions

1- The heating cycle of joining
alumina-to-alumina by brazing

process is an important point
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1o be selected and controtled to
obtain  high  performance
joining strength.

The actively brazed alumina-
to-alumina using Cu-Zr paste
filler-metal alloys consisted
primarily of m-ZrQ, phase
which was formed via a
diffusion process with low
shear strength.

The formation of Cuz{AlTi}G
phase  developed  dunng
actively brazed using toth Cu-
Ti and Ag-Cu-Ti filler-metal
resulied in
improved of shear strength of

alloys were

the alumina-to-alumina joints.
The phases formed at the
interfaces of ceramics are due
to dissolve of the filler
elements to react with the
ceramic elements to form a

new phases.
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(a)
Fig. 1 Fixtures for (a) single butt joint and (b) double butt joint.

(a) (b)
single-butt joint actively brazed using

Fig. 2 Twao samples of ceramic-to—ceramic
aste Tiller-metal, (a) the two samples

CuTi2 and eutectic AgCuTinsap
dicular to the filler-metal cross-

were cut by diamond wheel perpen

section and (b) showing the interface line.

--------

pes of single-butt joints, using different

and CuZr2 brazed using trué filler-

u-Ti were brazed using paste filler-

Fig. 3 Photograph shows different Ty
active Ailler-metal alloys. CuTil
metal, while CuZrTiz and Ag-C

metals.
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Fig.4 Schematic illustration of

ile double brazed shear test.!""!

() (b) {c)
Fig. 5 Fixture used for double brazed shear (DBS) test.

¢a) Fixture opening, (b} Fixture assembly front view, and

(¢) Fixture assembly side view.
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Fig. 6 Heating procedure for doule butt

joints actively brazed

by using paste filler metal type CuTi2,
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Fig, 7 Heating procedure for double butt joints actively brazed

Fig. 8 Bonding line showing ceramic-to-ceramic
bonded by active brazing filler-metal alloy type
CuTi2, showing two phases as remarkable, Phase 1
represents the interfering and phase I1 pepresents
the matrix phase, X284,
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by using paste filler metal type AgCuTi.

Phage

Phase L Phane I

Fig, 9 Bondiog line showing ceramic-to-ceramic
bonded by active brazing filier-metal alloy type
AgCuTi. It shows also two phases, Phase T
represents the interfering phase and Phase II
represents the matrix phase, X2180.
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Fuir Tt - . b ’i

Fig. 10 SEM photograph for ceramic-to-ceramic actively brazed using Cu-Ti
paste filler metal alloy showing interfering and waving between
filler and ceramic. X300
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Fig. 11 The XRD pattern of ceramic-to-ceramic fracture surface, which uses
CuZr? as active paste filler-metal, wsing heating procedure regime

No.2
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T intensibhy —*

Fig. 12 XRD pattern of ceramic-to-ceramic fracture surface uses CuTil as active

paste filler- micial, using heating procedure regime No.2

W%me |

‘_.—’_/—" Phase 11

-— Aetive element

r-metal

Phase [ = Zr(); in Cu-Zr active fille

Phase 1 = Cug (Al TiMO in Cu-Ti active filler-metal Phase |
Phase Il = Cu + Zr in CuZr active filler-metal

l_ Phase 1 = CuTi alloy in CuTi active filler metal

Fig. 13 Suggested bonding mechanisr obtained by the present study.
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Table 1 Shear strength obtained by using DBS testing for different paste filler-

metal of Cu-Ti system and eutectic.

Paste filler-metal types Shear strengih, MPa Standard deviation MPa
CuTil 15.0 25
CuTi2 10.7 7.0
CuTi3 19.2 277
’ CuTid 16.1 3.88
. CuTi5 21.0 7.32
L AgCuTi 42725 3.35
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Cu-Ti alloys and eutectic Ag-Cu-Ti alloy,

Fig. 14 Double butt-joints actively brazed using paste filler-metal of

Fig. 15 The DBS fracture pictures for the filler-metal alloys types

Cu-Ti and Ag-Cu-Ti systems.
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Fig. 16 Load-displacement curves for five DBS tests.
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