
 

 

 

   Abstract—The Ag-W composite materials are widely used in 

electrical contacts due to their excellent welding and erosion 

resistance as well as superb thermal conductivity. However, these 

properties and characteristics are affected by the powder particle size, 

morphology and distribution of both elements within the composite. 

A homogeneous distribution of fine W particles in Ag matrix is 

needed, to achieve better performance. In this investigation, the main 

effort was concentrated on producing Ag-W composite powder with 

homogeneous structure. This involves investigating the effect of Co 

addition on the powder morphology using SEM. The Co addition in 

the silver tungstate was in the form of CoWO4 via co-precipitation 

technique. First, the reduction behavior of these powders at few 

reduction temperatures was studied using TGA. Then, based on the 

TGA data obtained, two stages reduction process was employed to 

produce large batches of un-doped Ag-W and Co-doped Ag-W 

powders for subsequent sintering experiments. The temperature sets 

identified and adopted in the study were 250oC-750oC and 250oC-

850oC.   The Ag-W compacts produced from the reduced powders at 

these temperatures were then sintered below the melting point of 

silver phase to avoid any segregation between Ag and W. Finally the 

characteristics and densification behavior of the sintered compacts 

was studied and evaluated for contacts application using TEM. 
 

Keywords—Composite powder, co-precipitation method, 

electrical contacts, SEM, Silver-Tungsten composite, sintering.  

I. INTRODUCTION 

ILVER-tungsten composite materials have been widely 

used as medium duty electrical contacts since they offer 

the advantages of both refractory tungsten (welding and 

erosion resistance) and silver (high thermal and electrical 

conductivities). As there is no alloying between the silver and 

tungsten the properties of the composites depend, in direct 

proportion, on their composition. A high silver content offers 

maximum conductivity and minimum contact resistance, while 

high tungsten content offers maximum resistance to arc erosion 

and welding tendency. So for any particular application a 
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balance must be struck between the desirable properties of the 

two metals. It is known that the welding and erosion resistance 

of silver-tungsten contacts are dependent upon particle size, 

morphology and distribution of the phases within the 

composite, with finer particles potentially giving better 

performance.  

It is known that, press-sinter-infiltrate or press-sinter-repress 

processes are the standard production routes for these 

materials [1], [2]. In the press-sinter-infiltrate process, the final 

distribution of silver and tungsten in the finished compact is 

largely determined by the structure of the initial tungsten 

compact before infiltration with the liquid silver. This process 

tends to produce silver rich regions which increase the welding 

tendency of such contacts. Thus, the second process is often 

used for the production of contacts. In this process the 

distribution between silver and tungsten in the sintered 

compact is controlled by the mixing and sizes of the elemental 

powders which are used to produce the powder blend for 

pressing [3]. 

Walkden and Sale [4] study on the single stage reduction of 

silver tungstate at high temperature, they observed in the early 

stages of reduction gross segregation of the silver phase. 

Therefore, a controlled two stage reduction process was 

designed to overcome this segregation problem. The first stage 

carried out at low temperature (where the liberation of silver 

from silver tungstate occurred without the migration of the 

silver phase) and the second stage carried out at higher 

temperature for rapid reduction of tungsten oxides (the 

coalescence of the silver phase was prevented).  Then, in order 

to preserve the homogeneity and distribution of silver and 

tungsten, the reduced material was pressed and sintered below 

the melting point of silver. This suggested two stage reduction 

process is used later, by Qureshi et.al [5] and recently by Es-

Saheb and Azhar [6]-[8]. They added some iron and cobalt as 

sinter aids to improve the sintered product density and produce 

silver tungstate composite with controlled homogeneous 

structure. As indicated earlier, to obtain a uniform 

microstructure in the contact with a fine tungsten particle size, 

a lower level of sintering aid has been recommended for their 

fabrication. The press-sinter process is capable of producing a 

contact which contains finely dispersed silver and tungsten 

particles. Such contacts often have lower densities than those 

produced by the press-sinter -infiltrate route and consequently 
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have a higher erosion rate in service. Now, it is generally 

accepted that, the properties of powder metal contacts depend 

on the particle size, morphology and uniform distribution of 

the refractory phase. Also, the amount of porosity can affect 

the electrical, mechanical and thermo-physical properties of 

the composite materials. For Ag-W contacts the highest 

possible density is often required to reduce the erosion rate 

and prolong service lives. For sintering of refractory metal 

compacts small additions of group VIII elements (enough to 

form a few atomic layers on the tungsten particles) increase the 

densification rate and lower the sintering temperature to 

1100°C [9], [10]. It is reported that any additions in excess of 

amounts necessary to form continuous layers, may lead to 

successively decreases in the sintering rate. Also, the sintering 

behavior of tungsten with additions of iron or cobalt both of 

which form intermetallic compounds with tungsten is greatly 

dependent on the addition concentration.  

In the last few decades many research works in this area are 

conducted [11]-[13]. The investigations were focused on 

studying the effect of tungsten particle size, its uniform 

distribution and the amount of activator required for optimum 

sintering in the silver tungsten composite powder. 

Unfortunately, comprehensive and systematic investigations 

for the production of controlled structured Ag-W composites 

are lacking. Thus, in this study these issues are addressed with 

the particular emphases on the successful production of 

homogeneous composite powder with controlled tungsten 

particle size using co-precipitation and two stage reduction 

techniques. This includes the comprehensive study of the wide 

ranges of the sintering aid Co concentration percentages of, 

0.0, 0.14, 0.28, 0.29, 0.301, 0.51 and 1.52%. Two sets of 

reduction temperatures, of 250
o
C and 750

o
C as well as 250

o
C 

and 850
o
C in two separate furnaces are employed to produce 

reduced Co undoped and doped silver-tungsten powders. 

Subsequently, high density cylindrical pellets of 5mm diameter 

are fabricated from these powders using powder metallurgy 

techniques. Axial compaction pressures of 300, 450 and 

600MPa and two sintering temperatures of 850
o
C and 900

o
C 

for sintering time duration of 5 hours under N2 atmosphere are 

employed. The morphologies and the microstructures of the 

sintered compacts are characterized and evaluated using SEM. 

The details of the materials used and the experimental 

techniques employed as well as the results discussion are given 

in the next sections.  

II. MATERIALS AND EXPERIMENTAL PROCEDURES 

A. Material Preparation 

In this study, two different types of tungstates are used; 

namely: (1) Silver tungstate (Ag2WO4); and (2) Cobalt 

tungstate doped silver tungstate (CoWO4 + Ag2WO4). The 

tungstates were prepared stoichiometrically by mixing 

solutions of their salts (analar grade) and allowing 

precipitation to occur. The pure silver tungstate and doped 

silver tungstates were produced from the aqueous solutions of 

sodium tungstate, silver nitrate, and cobalt sulphate. On 

mixing these stoichiometric quantities the following reactions 

occurred. 

2AgNO3 + Na2WO42H2O → Ag2WO4 + 2NaNO3 + 2H2O 

 

CoSO47H2O + Na2WO42H2O → CoWO4 + Na2SO4 + 9H2O 
 

After precipitation, in each case, the tungstate or the 

tungstate mixture was filtered and washed with distilled water, 

in order to remove as much sodium salt as possible. Then the 

filtered precipitate of tungstate was dried in a drying cabinet, 

at a temperature of 75°C for 15 hours to remove the remaining 

water. The cobalt tungstate doped silver tungstate was 

produced with various doping levels. The resultant powders 

were analyzed and characterized before and after reduction 

using: (1) X-ray diffraction analysis (XRD), and (2) Scanning 

electron microscopy (SEM).  

B. Two Stage Reduction of Tungstate 

As mentioned above and in order to produce large quantities 

of reduced powders for subsequent pressing and sintering 

experiments, and reduce segregation a two stage reduction 

process was used. It consisted of two split furnaces (ACROSS 

International, STF 1200 Tube type) separated by an air gap. 

Temperature profiles for the furnaces were determined at 

250°C-750°C and 250°C-850°C. Several experimental 

variables, such like the powder bed depth, hydrogen flow rate 

and time for reduction were calibrated. Thus, a constant weight 

of powder specimen was used to minimize the differences in 

powder bed depth. A number of hydrogen reduction 

experiments were performed to determine the hydrogen flow 

rate required for reduction in a minimum possible time. After 

every reduction experiment, the obtained products were 

characterized by XRD analyses. 

The reduction process procedure was as follows: The (4g) 

powder specimen was placed in a reaction boat and inserted 

into a gas tight tubular reaction vessel. The vessel was purged 

with argon gas for a period of 30 minutes, after which the 

hydrogen atmosphere was established. Upon completion of 

first reduction stage, the specimen was pushed into the second 

stage temperature zone. This arrangement allowed the whole 

process to be completed in one operation in the hydrogen 

atmosphere. After the period required for second stage 

reduction, the reaction vessel was withdrawn from the end, to 

increase the cooling rate. The whole apparatus was cooled 

down to the room temperature under flushing argon.  

C. Pressing and Sintering of Reduced Silver Tungsten 

Powders 

All reduced products were characterized with XRD to 

ensure that the powders were completely reduced before 

pressing and sintering experiments. The powder specimens 

were then compacted with final equal lengths in a single action 

cylindrical tungsten-carbide die of 5 mm diameter. The 

densities were calculated by measuring the weight, the 

diameter and length of the compacts (i.e. compact volume). 

The sintering experiments were carried out in a dilatometer 

(LINSEIS L75 Platinum Series type), and any linear change in 
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the specimen is measured on heating and recorded for 

subsequent analysis. 

Sintering experiments were commenced from room 

temperature to 900°C at a constant heating rate of  10°C/min. 

Microstructural studies were carried out on the sintered pellets. 

The specimens were metallographically polished and then 

etched in ‗Murakanis‘ reagent (a mixture of potassium 

ferricyanide, sodium hydroxide and water). After etching, the 

specimens were examined under the microscope. 

Unfortunately, optical microscopy failed to provide the 

evidence of tungsten-tungsten contact in the compacts as the 

tungsten particle size was too fine. Thus, SEM and 

transmission electron microscope (TEM) is used to examine 

and assess the specimen. 

III. RESULTS AND DISCUSSION 

A. Silver Tungstate 

The precipitated silver tungstate analysis is made by atomic 

absorption spectroscopy and the molecular formula for 

precipitated silver tungstate (Ag2WO4) is obtained (Calculated 

Formula= Ag1.96 WO4.01), see Es-Saheb and Azhar [8]. 

From the formula it is clear that the silver/tungsten ratio is very 

close to the theoretical value 2:1 and the oxygen content 

calculated from the total mass of specimen also agrees with the 

theoretical value for silver tungstate. Also, the results show 

that iron is present in a very small amount along with traces of 

impurities, including sodium, which could originate during the 

precipitation from the salts used in the preparation process. 

However, the level of Na is found to be 0.037% which is well 

below the reported acceptable range of 0.2% Na [14].  

The powders were also characterized by XRD analysis. The 

diffraction patterns obtained from the precipitated powders are 

exclusively a silver tungstate.  Furthermore, morphological 

studies of the powders were conducted using SEM. A typical 

micrograph of precipitated silver tungstate Ag2WO4 is shown 

in Fig. 1.  

 
Fig. 1 Silver- tungstate, Ag2WO4, precipitated form 

 

It clearly indicates that it‘s a mixture of block-like crystals 

and clusters of fine needles. These blocks which seem rough 

and have corrugated surfaces are 20 to 30 µm in length and 5 

to 10µm in thickness. 

B. Silver Tungstate doped with Cobalt Tungstate 

Silver tungstate samples doped with cobalt tungstate were 

prepared by co-precipitation from sodium tungstate, silver 

nitrate and cobalt sulphate solutions. The various levels of 

cobalt concentration achieved were within the range of 0.05 to 

0.63Wt% Co which could be expressed as 0.14 to 1 .52%Co 

(wrt W). The cobalt levels produced within the powders were 

0.14, 0.28, 0.29, 0.30, 0.301, 0.51 and 1.52 % Co (wrt W).  A 

typical representative micrograph of silver tungstate Ag2WO4, 

doped with cobalt tungstate is displayed in Fig.2. It is observed 

that with the addition of Co needle like crystals form, which 

indicates a preferential growth direction. Also, as the 

concentration of cobalt increased to 1.52% the precipitation 

process was changed. This is due to the change in nucleation 

conditions and as a result small agglomerates of re-crystallized 

particles were formed. 
 

 
(a) 

 
(b) 

Fig. 2 Ag2WO4 doped with CoWO4 precipitates: (a) 0.52% Co- 

doped silver tungstate and (b) 1.52%Co-doped sliver tungstate 

C. Reduction of Silver Tungsten, and Co- Doped Silver 

Tungstate 

As stated above the samples of precipitates of silver 

tungsten, and silver tungstate doped with cobalt tungstate, 

produced in the previous step, are then reduced by dry 

hydrogen at two stages in two separate split furnaces kept at 

two different sets of temperatures (250°C -750°C and 250°C -

850°C). Morphological studies of the reduced powders were 

conducted using SEM. Typical representative micrographs for 

the reduced silver tungsten and Co- doped silver tungsten are 

displayed in Fig.3 and Fig.4 respectively. 

 
Fig. 3 Ag-W powder reduced from precipitated silver tungstate at 

250°C -750°C 
 

 
Fig. 4 1.52% Co-doped Ag-W powder reduced from doped tungstate 

at 250°C -750°C 
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It is evident from the micrograph, shown in Fig.3, that the 

pseudomorphic morphology of the powder is still retained, but 

in a less well-defined manner. However, the size of the 

recrystallized tungsten particles has increased from 

approximately 1 pm to 2pm average with the increase in 

reduction temperature. The microscopy of the powders thus 

indicates that a finer tungsten particle size is obtained by 

processing at temperatures of 250-750°C than at 250-850°C. 

Meanwhile, Fig. 4 displays identical morphologies for the 

1.52%Co-doped silver-tungsten powders produced at 250-

750°C.  The micrograph indicates that small particles are more 

spherical in shape and are 0.5µm in size, while the large 

particles are 2µm are different in shape and composed of 

several sintered small particles.  The large particles are 

sintered as a result of the higher thermal energy available for 

diffusion of silver phase in the second stage of the reduction 

process. 

D. Pressing of Silver-Tungsten Powders 

As stated above, it is clear that the morphology as well as 

particle size are highly affected by the powders production 

process (using co-precipitation and two stage reduction 

techniques). Consequently, this is also affect the pelleting 

process (i.e. compaction including sintering) and ultimately the 

final electrical characteristics of contact produced. Thus a 

huge number of parameters involved in the processes must be 

controlled to achieve the goal of successful production of 

homogeneous composite powder with controlled tungsten 

particle size and obtain the optimal contact. This include the 

initial conditions of producing the correct powder morphology 

and particle sizes, as well as the different concentrations of 

sintering aid (e.g. Co elements), and subsequent pressing and 

sintering conditions (including the pressing pressures, sintering 

temperature, time and atmosphere). Thus, at this stage of the 

work an intensive experimental program is carried out to 

investigate the effect of the pressing and sintering parameters 

of the Ag-W powder composites. A summary of the most 

important related issues, results, procedures, and findings are 

reported below. For more details and information on the 

analyses, materials, measurements and experimental 

techniques involved refs [6]-[8] can be consulted. However, in 

this section typical examples of the main findings related to the 

pressing and sintering processes are presented. This covers the 

effect of Co percentage additions on the particle size 

distributions, pressing pressures and densities as well as the 

effect of sintering temperatures up to 1000oC for 5 hours 

under N2 atmosphere. 

It is clear that, the particle size of the reduced powder plays 

a vital role in obtaining high density and uniform distribution 

of the phases within the compact. The different Co 

concentration additions effect on the particle size of the 

reduced powders (produced in the reduction furnaces at 

temperature sets of 250-750°C and 250-850°C) are shown in 

Fig.5. Also, the relationship between the pressing pressure and 

densities for the powders obtained at 250-750°C and 250-

850°C are shown in Fig. 6. The graph indicates that at three 

different pressing pressures investigated, the 250-750°C 

powder always produces lower density compacts than 

equivalent 250-850°C powders. The maximum density 

obtained at pressing pressure of 600 MN/mm2 for the 250-

750°C powder was 69% theoretical, whereas the 250-850°C 

powder yielded a maximum density of 80% theoretical. Also, 

the finer particle size powder always produces a lower density. 

Although both reduced powders retained, to some extent, a 

pseudomorphic morphology of the silver tungstate 

agglomerates, the difference in powder behavior could be 

attributable to the flow and die filling properties of the 

powder. Therefore, the present study gives strong support to 

the hypothesis that the press density depends upon the powder 

morphology of the starting materials [15]-[19]. 

 

 
Fig.5 Co concentration effect on the Ag-W particle size in the 

powders produced at temperature sets of 250-750°C 

  

 

Fig.6 Pressing characteristics of Ag-W powders produced by the 

two stage reduction process at temperature sets of: 250-750°C and 

250-850°C. 

However, the pressing characteristics for Co-doped Ag-W 

powders produced in the reduction furnaces at temperature sets 

of 250-750°C and 250-850°C at a pressing pressure of 

300MPa shown in Fig.7 respectively. Also, Fig.8 shows 

typical representative optical photomicrographs of compacted 

powder reduced at 250-750°C of Ag-W and 0.30% Co-doped 

Ag-W. 
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Fig.7 Pressing characteristics at pressing pressures of 300MPa for 

Co-doped Ag-W, powders produced at temperature sets of 250-

750°C and 250-850°C. 

 

  
     (a)            (b) 

Fig.8 Optical photomicrographs of compacted powder reduced at 

temperature sets of 250-750°C 

(a) Ag-W and (b) 0.30%Co-doped Ag-W 
 

Furthermore, different pressing pressures are employed to 

improve the density and quality of the produced compacts. 

Also, sintering is carried out on all the compacts at four 

sintering temperatures of 850, 875, 900 and 1000
o
C for five 

hours in N2 atmosphere. All compacted samples are sintered 

using the dilatometer. Typical graphs showing the change in 

length of powder compacts during isothermal sintering at 

900
o
C for 5 hours of the various Co-doped Ag-W samples are 

shown in Fig 9. Meanwhile, Fig.10 display typical 

photomicrographs for the sintered Co-doped Ag-W samples at 

900
o
C showing the resulted morphology and structure of the 

Ag-W composite electrical contacts. Finally, in Table 1 the 

densification behavior of Co-doped Ag-W powder compacts, 

pressed at 300MPa and sintered at 900
o
C for 5 hours are 

displayed. 

 
 

Fig.9 Powder compact length change during isothermal sintering 

at 900oC for 5 hours for the various % Co-doped Ag-W 

 

    
(a)            (b) 

Fig.10 Typical photomicrographs for the sintered Co-doped Ag-W 

samples at 900oC for 5 hours:  

(a) 0.14% Co-doped Ag-W, and (b) 1.52% Co-doped Ag-W 

 

The initial and final densities along with the percentage 

change in densities obtained for Co-doped powders sintered at 

900°C for 5 hours are given in Table I. Fig. 9 shows that 

shrinkage is greater for powders with high cobalt content when 

compared with those containing less cobalt. Also, the curves 

can be seen to fall into two distinct groups: One of powder 

compacts with less than 0.29wt% level of cobalt, while the 

other is of powders with higher levels of cobalt. A similar 

trend was observed in the case of the 1.52wt%Co-doped 

powder; but the amount of densification was slightly higher 

with a sinter density of 93% theoretical. Optical microscopy 

carried out on some of the powder compacts, to evaluate the 

distribution between silver and tungsten phases, is shown in 

Fig. 8. The graphs show three different areas, silver phase 

(light area), tungsten phase (grey area) and porosity (black 

area). Meanwhile, optical micrographs of Co-doped compacts 

are shown in Fig. 10. These specimens showed maximum 

density after sintering at 900°C for 5 hours. It is evident that 

both phases are present in a highly homogeneous state and 

little porosity is present. Optical microscopy indicated that the 

sintered compacts retained their high homogeneity at 900°C. It 

also revealed that the amount of porosity was visibly reduced 

when compared to the pressed powders. However, the 

evidence of tungsten-tungsten contact and neck formation in 
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the sintered compacts is shown in the TEM photographs 

displayed in Fig.11. 
TABLE I 

DENSIFICATION RESULTS OF CO-DOPED AG-W POWDER COMPACTS PRESSED 

AT 300MPA AND SINTERED AT 900OC FOR 5 HOURS. 

Materials 

wt. % (wrt W) 
% Initial 

density 

% Sintered 

density 

% Attainable 

change in 

density 

wt. % Co 0.14 56.9 65.5 20.1 

wt. % Co 0.28 56.2 63.5 16.66 

wt. % Co 0.29 54.4 74.3 43.5 

wt. % Co 0.30 54.8 75.0 45.69 

wt. % Co 0.301 53.6 77.5 49.9 

wt. % Co 0.51 53.3 80.3 57.8 

wt. % Co 1.52 52.2 90.4 79.91 

  

    
 (a)            (b) 

Fig. 11 Typical TEM photos of samples sintered at 900 o C for 5 h 

showing: (a) Ag-W matrix and neck formation between tungsten 

particles and (b) Ag-W with 0.51 mass % Co, matrix and neck 

formation between tungsten particles 
 

Finally, in brief a mixture of block-like crystals with clusters 

of fine needles of silver tungstate were produced by mixing an 

aqueous solution of silver nitrate and sodium tungstate. The 

morphology of tungstate was highly dependent upon the level 

of impurities present in the solutions. The addition of CoSO4 

solution into the AgNO3 and Na2WO4 solution completely 

changed the growth morphology from the block-like crystals 

into needles of CoWO4 doped Ag2WO4 precipitate. However, 

agglomerates of equiaxed particles were produced as a 

precipitated tungstate as the concentration of CoSO4 in the 

solution was increased up to 1.52wt%Co. Simultaneous 

precipitation occurred in the case of the cobalt tungstate doped 

silver tungstate. Some loss of CoWO4 in the silver tungstate 

was observed during repeated washing of precipitate. An 

intimate mixture of silver and tungsten was yielded by two 

stage reduction processes at 250-750°C and 250-850°C. Also, 

the size of tungsten particle observed to be dependent on the 

higher temperature stage of the reduction process. During 

reduction process, Co additives showed a similar effect on the 

particle size and produced submicron tungsten particles at 

250-750°C. The press density of the reduced powder showed a 

significant dependency upon the tungsten particle size. The 

powder produced at 250-750°C, which contained fine 

particles, gave lower press density whereas the powder 

produced at 250-850°C, which contained coarse particles, 

gave higher press density. During scanning dilatometric 

sintering experiments it was observed that undoped silver-

tungsten powder densified to a smaller extent than the doped 

powders. The densification process always finishes just below 

the temperature at which liquid silver appeared (i.e. 960°C). 

As the highest densification was obtained in the powder which 

contained fine particles, this suggested that densification 

occurred mainly due to particle rearrangement and also 

indicated the importance of particle size to achieve high 

density of the powder compact. Optical microscopy showed 

that most compacts, on heating up to 1000°C, lost their 

homogeneity as the liquid silver flowed towards the bottom 

edge of the compact due to immiscibility with tungsten and 

gravitational force. Cobalt addition showed a significant 

enhancement of the sinterability of the silver-tungsten 

composite which was linked with the level of the cobalt 

addition. It was found that 6 to 7 monolayers coverage of 

cobalt on the tungsten particles was required to activate the 

sintering process at 900°C.  

Optical microscopy of the sintered specimens indicated that 

in the case of the Co-doped powders a uniform distribution of 

tungsten particles was obtained in the silver matrix and both 

phases were present in a highly homogeneous state. 

Transmission electron microscopy (TEM) of the sintered 

compacts showed that contact between tungsten particles 

existed and that the tungsten particles were wetted with the 

silver phase. Microscopy showed that the wetting conditions of 

tungsten with silver were improved with the addition of cobalt 

to the silver - tungsten composite. Also, in the case of Co-

doped powder the densification was dependent upon the 

method of addition of dopant to the powder. In the sulphate 

processed powder, the densification decreased more than 50% 

which indicated that the method of addition was very vital in 

that case where the morphology of the powder was changed 

during co—precipitation by the addition of the dopant.  

IV. CONCLUSION 

The production of a homogeneous Ag-W composite powder 

with controlled tungsten particle size using co-precipitation 

and two stage reduction techniques followed by compaction 

and sintering processes to produce electrical contacts is 

successfully achieved. The Co additions help to facilitate the 

sintering between silver and tungsten whilst retaining a high 

homogeneity between the silver and tungsten in the sintered 

product. Also, it is found that the Co critical level for activated 

sintering is of the order of 0.3 mass %Co with respect to W 

content of the compact powder. This critical level is equivalent 

to six to seven atomic layer coverage of the tungsten particles 

by cobalt. Furthermore, cobalt addition levels above the 

critical amount leads to the formation of tungsten cobalt 

(WCo3) intermetallic compound precipitates, which become 

trapped within the silver phase in the sintered composite 

material. Finally, it is anticipated that the sintered compact are 

good for electrical contact applications since they have 

improved erosion resistance and anti-weld properties. 
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