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Abstract— Active brazing is a preferred technique for
joining materials such as ceramics or composites and metal in
practical engineering. It is highly versatile due to its adaptability
to various joint sizes and shapes. The joints are subjected to
annealing at 800°C, 850°C, and 900°C, keeping the soaking time
and ramp rate constant. After heat treatment, the samples are
well polished and subjected to morphological studies using SEM.
An attempt has been made to modify the Ag-Cu brazing alloy
using Ti element to join ceramic to metal or ceramic
components. The Ti factor has been added to foil to enhance to
its Wettability and bonding properties. EDX, SEM and Optical
microscope are used for the prepared foil characterization.

Keywords— Alumina, Brazing, Ceramic, SEM, Sliver -
Copper.

I INTRODUCTION

Ceramics are utilised in batteries, integrated circuits,
cutting tools, and biomaterials, as well as in the electrical,
aerospace, nuclear, and automotive industries. Dissimilar
metals are difficult to connect with standard fusion welding
due to their chemical and physical differences. Solid state
joining techniques have attracted a lot of attention in this
regard. Titanium alloy was brazed using Ag-Cu filler metal
with no active element [11]. It was also said that the Ag-Cu
metal was utilised in the braze process because the dissolution
of titanium alloy created Ti as the active element to react with
the C/C composite [12].

Advanced ceramics are becoming more widely used in
engineering, from microelectronic circuits to automotive and
aero engine applications. It is frequently important to attach
ceramic pieces to other materials, particularly metals, in order
to get the best performance out of specific components.
Because of the inherent characteristics of most ceramics,
fusion welding is almost impossible. Solid state methods,
adhesive bonding, and brazing, on the other hand, remain
viable options for creating strong, reliable junctions between
ceramics and metals.

The disparity in thermal expansion coefficients of the two
materials is the most problematic aspect of metal to ceramic
bonding. When this discrepancy is paired with the rigidity of
the ceramics, destructively large strains are formed in the joint
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zone. Keeping the joining temperature as low as feasible is an
effective technique to reduce this thermal mismatch. Nearly
all of the ceramics are wet during the Ag-Cu-Ti process [10],
which results in strong joints. The prepared foil is
characterized using EDX, SEM, and an optical microscope.

In a variety of industrial applications, the connecting of
different materials is becoming increasingly crucial. High-
performance components, such as those with a good strength-
to- weight ratio, high electrical/thermal conductivity,
increased corrosion resistance, or high temperature strength,
are required for pioneering constructions, which can only be
achieved by combining different materials [2].

The plastic response of the filler metal determines how
much residual tension is relieved in ceramic-metal junctions
created by active brazing [5]. RAB (reactive air brazing) is a
new technique for making ceramic-to-ceramic and ceramic-to-
metal junctions. RAB was explored in this work with regard to
prospective applications for solid oxide fuel cells (SOFCs), as
one example. RAB was discovered to be capable of brazing
alumina using Ag-Cu and Ag-CuTi brazes.

The wetting behavior and mechanism of wetting were
strongly impacted by both braze content and brazing
temperature [8]. Vacuum brazing with Ag—Cu-Ti active filler
metal effectively brazed composites and TC4 alloy. A
scanning electron microscope, an energy dispersive
spectrometer, and X-ray diffraction were used to examine the
interfacial microstructure. The impact of brazing temperature
on the interfacial microstructure and joint characteristics was
thoroughly examined. The brazed joints created a variety of
phases, including TiC, TiSi2, Ti3Cu4, Cu, Ag, TiCu, and
Ti2Cu. The interfacial microstructure changes dramatically as
the brazing temperature rises, whereas the amount of Ti2Cu
decreases but no new phase is formed [11].

By offsetting the tool to the aluminum side and friction stir
welding aluminium and copper plates, excellent metallurgical
bonding was achieved on the Al-Cu interface, resulting in the
development of a thin, continuous, and homogeneous Al-Cu
intermetallic compound (IMC) layer [1].It has also been
reported that an Ag—Cu filler metal with no active element
was used to braze a C/C composite and titanium alloy,
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because the dissolution of titanium alloy provided Ti as a
result of the dissolution. The substance that will react with the
C/C compound [3].

Brazing offers high joint strength (close to or equal to that
of the ceramic), a high service temperature, excellent thermal
and electrical conductivity, excellent tightness, and moderate
costs among the various bonding techniques. Due to the fact
that commercial filler metals do not wet ceramics,
metallization of the ceramic surface is necessary, followed by
a reaction. Thermal treatment is commonly used. Direct or
active brazing was created to make brazed ceramic joints
easier to make: the filler metal contains an active element
(such as Ti) that encourages effective wetting of the ceramic
surface and removes the need for metallization treatments.
Because reactive materials want oxygen, active brazing takes
place in a vacuum furnace [7].

Il. EXPERIMENTAL PROCEDURE

A. Casting process

In present investigation Silver (70%), Copper (28%) and
Titanium (2%) are used for the preparation for preparation of
foil. Foil is prepared by placing the Materials in the graphite
crucible to make the cast as shown in the fig.1.

(b)

Fig. 1. Casting process of filler material (a) Pit furnace and (b) Solidified
cast

(b)
Fig. 2. (a) Rolling machine and (b) Finished filler material

The titanium powder is added to the crucible after the
components have been transformed into molten metal and
swirled until the alloy is perfectly blended. The molten metal
was taken from the furnace and poured into the mould after
being held for 15 minutes for homogeneity. The rolling
machine is used to reduce the thickness of the material by
forcing the solidified sample to travel between two rollers,
reducing the thickness of the sample by 5 mm. The sample is
then heated in an electric furnace until it reaches a temperature
of 550 °C, at this point it is removed. The process is then
repeated by placing it in a roller. This sample is made up of a
filler material with thicknesses of 0.1 mm, 0.15 mm, and 0.2
mm and a width of 25 mm as shown in fig. 2.

I1l.  CHARACTERIZATION OF AG-CU-TI FOIL

A. Microstructural analysis.

The microstructure and chemical composition of the
sample were examined using a Leica Micro-system optical
microscope and a JAOL scanning electron microscope.
Optical Microscopy (OM), and Energy Dispersive X-Ray
Spectroscopy (EDX) were also employed in the study. Cast
copper, silver, and titanium alloy XRD analysis Cu;Ti, Cu2Tis,
TisCu, Cu-Ag-Ti, and Ag-Ti are the phases that may be seen
using XRD on the active materials. The electron beam hits the
inner shell of an atom, knocking an electron out and leaving a
positively charged electron hole as shown in fig 4.
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Fig. 3. Microscopic Image of Ag-Cu-Ti filler material (a) without (b) with
etching respectively
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Fig. 4. XRD patterns of interface of Ag-Cu-Ti foil.

Scanning electron microscope (SEM) creates an image by
scanning a focused electron beam across a surface. The
electrons in the beam interact with the sample, generating a
variety of signals that can be utilized to study the surface
topography and composition. figure 5 displays SEM
examination at several locations with and unpolished surfaces.
Dendrites, eutectic, and intermetallic compounds including
CU,Ti and Ag Ti correspondingly make up the microstructure
of Ag-Cu-Ti filler. Ag filler is used to make dendrites, with a
small amount of Cu and Ti thrown in for good measure. Using

a constant stream of etching reagent (NH4OH: H20,: HsM) up
to 0.5 wt%. Titanium is 67 percent soluble in copper at
1150°C, but only 3 percent soluble in silver at the same
temperature which gives the possibility of easy joining. SEM
and EDX analysis reveal the presence of Ti, Ag, Cu. During
SEM studies, two types of phases with different restrictions
are found, regardless of the amount of Ag and Cu present in
the alloys. Figure 6 displays a SEM image of copper, silver,
and titanium in an effort to develop copper, silver, and
titanium. Diffusion bonding occurs between copper, silver,
and titanium, as evidenced by the image. The active element
Ti must dissolve with copper and silver, according to an XRD
study of the filler foil
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Fig. 5: SEM Images of Ag-Cu-Ti filler material (a)Foil without etching,
(b)Foil with etching, (c)Foil before polishing, (d) Foil after polishing
respectively.
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B. Wetability analysis

Wetting is the ability of a liquid to retain contact with a
solid surface when the two are brought together due to
intermolecular interaction. A force balance between adhesive
and cohesive forces determines the degree of wetness. A drop
spreads across the surface due to the adhesive force between a
liquid and a solid. The drop balls rise due to cohesive forces
inside the liquid, avoiding contact with the surface. The
addition of up to 0.5 wt.% etchant to the Ag-Cu-Ti filler
material results in a considerable increase in spreading area as
shown in Table.1

The oxydo-reduction process is commonly used to discuss
reactivity in pure reactive metaloxyde systems. We'll look at
the situation of reducing alumina with a metal M and forming
a MO oxide, as described in the following Eqg. (1).

%(M)+%A1,03<->%M0+(A1) 0
Calculating the equilibrium concentration of Al in liquid
M, resulting from the dissolution of Al, O can be used to
determine the degree of advancement of the interfacial Eq. (1).
This degree of development is equal to the difference between
the final and beginning mole fractions of Al, X, (which in our
case is zero). In the case where X << 1. The equilibrium X, for
Eq. (2) is stated as follows
xAI =exp_.[ici]
I )
As will be seen further, the term AGR*/R.T is used to
establish a rough scale of relative reactivity for different
systems.
VAPOR

LIQUID METAL 4

Fig. 6. Definition of the contact angle 6 of a liquid on a flat surface.

There is currently no universal acceptance theory capable
of satisfactorily characterizing reactive wetting, such as
wetting followed by material transfer at the solid-liquid

interface. The smallest contact angle (as indicated in figure 1)
feasible in a reactive system, according to LAURENT, is
provided by Eg. (3).

cosb,,, = cos6, - 4o, 4G,
Oy Owy (3)

Where 60 is the contact angle of the liquid on the substrate
in the absence of any reaction and oLV is the interfacial
energy between the liquid and the vapor phase. Aat, takes into
account the change in interfacial energies brought by the
interfacial reaction. AGr is the change in free energy per unit
area, released by the reaction of the material contained in the
"immediate vicinity of the metal-substrate interface"

Adding a solute, such as titanium, to a non-reactive metal
improves wetting significantly, resulting in in situ change of
both the liquid and solid sides of the interface. If this solute
develops strong solute-solute interactions with dissolved
oxygen, such an improvement will be conceivable.

Table.1 Wetting angle of Ag-Cu-Ti filler material

Contact Degree of Strength
angle Wetting  ['sol/Liq interaction | Sol/Liqg interaction
®=0°  [Perfect wetting Strong Weak
0<@<90° High . Strong/Weak Strong/Weak
wettability
Low
0 o
90° <6<180 wettability Weak Strong
_ . | Perfect non
® =180 wetting Weak Strong

IV. BRAZED JOINT

Before brazing Ceramic is Cutted in to 0.7mm through
laser cut method, Titanium is cutted in to 0.7mm through
EDM method and alloy is cutted in to 0.7mm manually.
Ceramic, alloy, titanium is placed one over the other and tied
with steel wire. Alloy is sandwiched between ceramic and
titanium are connected together with steel wire and
maintained in a quartz tube in a vacuum chamber for brazing
and subjected to three different brazing temperature of
800°C,850°C, 900°C, After the brazing components have been
removed from the vacuum chamber, the steel wires have been
removed, and the joint surface has been roughed, SEM images
are collected and examined. The stages of brazing is as shown
in the fig.7.
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Fig. 7: stages in brazing of Alumina — KM76- Titanium joint.

A. SEM analysis of brazed joints
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Fig.8: Brazed joints are subjected to brazing at (a) 800°C,
(b) 850°C, and (c) 900°C, keeping the soaking time and
ramp rate constant

Fig. 8 show the joints are subjected to brazing at 800°C,
850°C, and 900°C, keeping the soaking time and ramp rate
constant. After brazing, the samples are well polished and
subjected to morphological studies using SEM. The results are
tabulated above. There were no micro-cracks or micro-holes
developed in the brazed joint, as shown in the SEM image.
The 800°C brazed sample has better connectivity. When the
alloy is fused in a straight line at a micron scale level, this
induces connectivity over the entire length of the joint.
Whereas with increasing temperatures, the Ag- alloy melts
better, it loses its original shape due to complete melting at
elevated temperatures. As the other conditions for heat
treatment are kept constant, we believe the temperature is the
crucial factor in obtaining a uniform melt and better
connectivity. The solidus temperature and liquidus
temperature of Ag-Cu-Ti alloy are 766°C Cand 817°C
respectively.

V. CONCLUSION

In conclusion, the Stir Casting Method can be used to
produce new Ag-Cu-Ti filler materials, which can be rolled
into foils of varying thicknesses up to 0.05mm. This method is
efficient, with a high output rate and can be carried out at
temperatures of up to 1200°C. Preheating is necessary for the
rolling action, and SEM, EDX, and XRD characterization
investigations have been carried out. The observed elements
and phases in the active filler materials are very similar,
including Cu, Ag, and Ti. The XRD results show that Cu2Ti,
Cu2Ti4, Ti3Cu, CuAgTi, AgTi are the phases present in the
filler materials. Finally, the temperature is a crucial factor in
obtaining a uniform melt and better connectivity
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