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ABSTRACT 

It is the metallographic study of brazed joint between the  pure alumina with alloyed Titanium (up to 1-2% of 

alloying elements) by using BVAg-8 as braze filler metal. Experiments were performed to study about the 

behaviour of filler at the interface, bonding strength of the two & metallographic study is performed. 

Temperature above 930ºC has the appreciable bonding strength but simultaneously it is expected to have lower 

corrosion current density. Variation in the brazing temperature and other parameters results to have a sound 

bonding. Metallographic study shows that braze filler have role in joining and the temperature above/around 

930ºC. So that it can be used effectively at UHV application. 

KEYWORDS:  BVAg-8-silver eutectic alloy, UHV-ultra high vacuum. 

I. INTRODUCTION 

Ceramics and metals are two of the oldest established classes of technologically useful materials 

while metals dominate engineering applications ceramics are widely used to provide thermal and 

electrical insulation and are emerging as important structural materials. Properties of individual 

ceramic and metals can vary widely, but the characteristics of most materials in the two classes differ 

significantly [1].Ceramics are generally stronger, lighter then metals but are less thermally and 

electrically conductive and have lower coefficient of expansion [2, 3]. It is well known that 

differences in thermal expansion between metals and ceramics introduce thermal stressed in metal 

ceramic joints. The range of thermal coff expansion is rather broad for oxide ceramics but very 

narrow and low for non oxide ceramics. So that the choice of  matching metals is extremely limited.  

Direct brazing using active filler metals is very well used bonding technique for the production of 

high integrity metal-ceramic (M/C) joints [3,4].Therefore stress reliving interlayer’s such as the tile 

metal, foils are sometime introduced between ceramic –metals. Off course the interlayer metal should 

be able to interact with both the ceramic-& metal. The formation of new phase at the interface should 

be avoided as far as possible Interaction between ceramic and the metal requires the surface to be 

indirect intimate contact and hence the surface must be free of contaminants thus the atmosphere is 

important in achieving the maximum energy decrease in practice formation process are usually carried 

out at elevated temperature so that the rates of interaction are rapid.  

Ceramic to metal bonding is the result of chemical and mechanical interaction between 

materials.Additionally the brazing temperature is low enough to avoid degradation of either the 

ceramic or the metal components [1,5]. The chemical interaction may result in either the formation of 

new compound at the interface or the development of weaker adhesion resulting from the formation of 

secondary bonding force. Theoretically material with primary bonding should have the strength of 10 



International Journal of Advances in Engineering & Technology, May 2012. 

©IJAET                                                                                                          ISSN: 2231-1963 

480 Vol. 3, Issue 2, pp. 479-484  

 

to 100 GPa and secondary bonding have rather weak bond strength of 1 to 10 Gpa [3] mechanical 

forces are the results of interlocking of surface roughness and asperities of one phase with the other. 

Ti, Zr and Al have been added as reactive elements to several brazing alloys [2-3,6]. 

II. ORGANIZATION OF MANUSCRIPT 

Reactivity and property:- This section discusses the brazing properties of the two joining element as 

well as about the brazing filler. The main difference in brazing lies in there thermal coefficient 

because every element has its own property differing from other that make them incompatible with 

most of the elements to get in process of brazing is also discussed. A report about there thermal 

property  i.e. at  the brazing temperature ,vacuum pressure heating and cooling time duration is  all 

been discussed in this section . 

Results:- In this section all about what we have observed in the metallography of the brazed  joints  

using the optical instruments like microscope, SEM,EDS etc is discussed. All the EDS graphs that 

represents the % composition the elements present at  the interface section of the two element is 

given. 

Conclusion:-It recapitulates all the summary of the experiment performed along with the brief of 

what we achieved in results. 

III. REACTIVITY AND PROPERTIES 

Brazing joins two pieces of base metal when a melted metallic filler flows across the joint and cools 

to form solid bond. Most braze filler metals do not wet ceramics easily unless their surfaces are 

treated in manner to promote wetting. Such difficulties are to be anticipated when one recall that 

oxide ceramic (Al2O3 BO ZrO2 ETC) comprise the largest group of these structural materials. Even a 

small percentage of Al or Ti in a super alloy presents wetting problems unless brazing is conducted in 

a vacuum or another expedient is used to prevent the formation of oxide during the heating cycle.  

 

FIG1:- Micro structural view of the brazed joint viewed from optical microscope at 100X 

The development of effective ceramic to metal joining techniques is important to the future of 

ceramic, as it will allow ceramic component to be incorporated into existing metal fabricated parts. 

The main difference lying in joining is difference in their mechanical and physical properties, 

particularly in their coefficient of thermal expansion, the difference in thermal expansion can lead to 

excessive stress at the joint interface. For the study pure alumina is taken along with alloyed Ti (1-2% 

of alloying element.).At the vacuum pressure 2x 10
-2 

both Ti and pure alumina is joined at a pressure 

of 60kPa.Room temperature is preferred for the experiment. The filler used for this purpose is BVAg-

8.Two champhered cylinders are used for this purpose as shown in figure. Before taking it to 

metallographic study the sample is brazed at a brazing temperature between 800-960 ºC so as to get 

an proper graph related to the property variation in the brazed interface. The whole sample is kept for 

a period of 30min [5] inside the furnace with a support of graphite rod in between the cylindrical rings 

(Black –titanium, white-alumina).Methyl alcohol or NACL is used for cleaning the sample. Now after 

sufficient brazing of the two further metallographic along with strength test was performed after 

taking a cross section of the joined cylindrical ring.(x=15 ,y=10). 
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Primarily for the investigation of the brazed joints the cross section is observed under the optical 

microscope up to the magnification range of 100X. SEM (Scanning Electron Microscope) is then 

preferred for further interatomic study of the interface. 

EDS (energy dispersive spectroscopy) will help us in finding the distribution of the present elements 

in between the brazed interface along with the graphical representation. 

IV. RESULTS AND DISCUSSION 

4.1 Micro structural characterization 
As already shown in the figure-1 & 2:- about the performed brazing  between the Al2O3 and Ti with 

BVAg-8 as a filler different layers can be seen which might have occurred due to the variation in the 

thermal coefficient. 

It can be seen that there is a strong mix up of filler with the two elements interacting surfaces. Proper 

dissolving of the surface atom is there .At the brazing temperature of of 820 ºC when the sample is 

kept of a duration of 30min  it can be seen that Ti is finding its own away to ceramic part through the 

filler and few dark zones can also be seen which represents high percentage of Ag. From figure-2(B)  

shows (marked with yellow arrow)  that diffusion of Titanium to alumina surface, being possible to 

observe high amounts of Ti in the reaction layer which is about 16% of Ti causing joint between 

alumina and the Brazing alloy. 

       
                                (A)                                                                    (B) 

 

Fig: - 2 SEM images of the microstructure between (A) TI-BVAg-8-Alumina, (B) Alumina-BVAg-8 

Ti being a reactive element when it diffuses through the Al2O3 interface allows joining to occur.  

EDS results  in figure-4,5,6 also indicates high peaks of Cu ,Ag,Ti and few traces of Vanadium which 

came as a alloying element. It can also be seen as Ti has formed a very thin layer at the interface of 

filler and alumina which can be easily qualified by EDS results. 
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Fig: 3 Microscopic view showing excess of Ag at the interface. 

Similarly for the other temperature (940 950,980 ºC) also similar results are obtain when the sample is 

kept for the same period of 30 min under brazing temperature at vacuum. [5].When the sample is kept 

for long duration of brazing temperature filler shows some deviation from its regular behaviour and 

small porosities along with few small cracks can be seen. At a temp of 960 ºC  Ti layer at the ceramic 

interface is thick as observed. For the qualification of the joint non destructive tests was done (1) HLT 

(Helium Leak Tightness), (2) UTM (for shear testing). 

  
FIG 4: EDS graph of elements taking part in the brazing of Ti-BVAg-8-Alumina 

 
FIG 5:- EDS graph of a line scan along a the Ti-BVAg-8 interface 
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FIG 6:- EDS graph along a cross section go the brazed interface 

 

HLT shows a leak rate of 3 x 10
-10

 mbar.lit/s which is suitable for a joint to be used at UHV. The 

brazed specimens displayed shear strength of 136-144 MPa.  Joint shear strength remained unaltered 

even after thermal cycling at 150°C. 

V. CONCLUSION 

A successful experiment is done to study about the metallography of the brazed joint between the 

alloyed Ti and Alumina .Due to the diffusion of Ti along the alumina boundary active reaction occurs 

and also as it passes through filler it poses a strong bond between the alumina and the brazed filler. A 

strength of 136-144Mpa is also obtained at temperature of 930°C  along with the appreciable leak rate 

and bakeability.Only flaw is that in presence of in appropriate temperature or holding it for long 

duration in brazing cycle few cracks and porosities are observed .Also a thick layer of Ti is seen at 

alumina interface. Over an all the joint is of sound quality and strong joint between filler and 

participating elements is seen effective for UHV applications. 

VI. FUTURE SCOPE 

Here in the experiment the  standardization of brazing of pure alumina with alloyed Titanium (up to 1-

2% of alloying elements) by using BVAg-8 as braze filler metal is done which is proved to be giving 

very effective and sound results .Noting down that  in spite of using pure Ti in the experiments use of 

alloyed Ti is done which might be the reason that we could not get an thick layer of Ti on the interface 

of the BVAg8 and Alumina .This layer seems to cause a sound bond between all three elements in the 

brazing .In future aspects it can also be included to use an pure ceramic  and pure metal as well for the 

brazing procedure with some different brazed filler in spite of BVAg8 to make the bond more 

compatible to the UHV application and variation in the brazing temperature can also be done that may 

influence the strength of the joint to a good extent  
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