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ABSTRACT 

The fabrication of sintered diamond/metal composites bodies composed of diamond filler with the average particle size 
of 15 μm to 30 μm and metal binder (Ag-Cu-Ti system brazing) was attempted by powder metallurgical sintering proc-
ess at 700˚C to 1000˚C in vacuum atmosphere. As a result, dense bulks of sintered diamond/metal composites were 
obtained by this powder metallurgical sintering process. The increase of sintering temperatures from 750˚C to 950˚C 
and of pressure enhanced the density of sintered diamond/metal composites during the hot-pressing in vacuum. All bulks 
prepared at the temperatures of 750˚C to 950˚C were composed of diamond phase and Ag-Cu-Ti system brazing with-
out any other phase for sintered bulks for diamond/metal composites. Furthermore, some properties were evaluated for 
sintered diamond/metal composites. 
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1. Introduction 

Needs for diamond tools like a diamond wheel, diamond 
blade and diamond tip for cutting and polishing ceramics, 
Si and sapphire ingots are still expanded in many appli-
cation fields [1]. In general, diamond tools are classified 
into metal bonded type and resin bonded type. Although 
resin bonded diamond tools are composed of resin matrix 
and diamond fillers with desired particle size distributions, 
the cutting and grinding performances is rapidly degradated 
in spite of good cutting and grinding abilities. On the con-
trary, metal bonded diamond tools are generally fabricated 
by electric deposition of metal with various diamond fill-
ers. These metal bonded diamond tools have good long- 
term performance, although their cutting and polishing abil- 
ities are relatively inferior to resin bonded diamond tools. 
Another metal bonded diamonds like a polycrystalline 
diamond (PCD) are also fabricated by the ultra high pres-
sure (approximately 50,000 atm) equipment at high tem-
perature (typical 1600˚C) for the diamond filler and Co 
binder [2]. In addition, the development of diamond-like 
carbon (DLC) films are reported with some methods such 
as plasma CVD and plasma based ion implantation by a 
lot of researchers [3]. Furthermore, the fabrications of some 
diamond-based composited containing another metal (for 
example, Cu and W) and ceramics (for example, SiC and 
Al2O3) were attempted [4-7]. These PCD and DLC dia-
monds fabricated by various methods are extremely dense 

and expensive instead of good grinding and cutting per-
formances, although they are generally machined and cut 
with electrical discharge machining [2]. 

On the other hand, silver brazing, typically Ag-Cu-Zn, 
and other metal brazing systems are useful for the 
achievement of easily strong bonding of the different ma- 
terials. Here we focus on the development of high per-
formance diamond tools and bulks composed of diamond 
fillers and brazing as a metal binders, e.g. Ag-Cu-Ti sys-
tem brazing through the powder metallurgical process. 
Using this powder metallurgical process, various micro-
composites and nanocomposites, ceramics based compos-
ites and metal/ceramics hybrid composites, were devel-
oped and reported [8-10]. In special, this process will 
lead to the fabrication of dense diamond bulks with good 
machining ability and reasonable cost. Authors also report- 
ed the results of developments of Ag-Cu-Ti system braz-
ing for diamond-coated SUS saw for cutting saw equip-
ments. In this study, the fabrication of sintered diamond/ 
metal composites bodies composed of diamond filler and 
metal binder (Ag-Cu-Ti system brazing) was attempted by 
powder metallurgical sintering process in vacuum at-
mosphere. Furthermore, some properties were evaluated 
for these sintered diamond/metal composites. 

2. Experimental Procedures 

Commercial diamond filler with the average particle size  
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of 15 μm to 30 μm from Tomei Diamond Co. Ltd. was used. 
As a metal binders, commercial powders for Ag-Cu-Ti 
system brazing (V1008-T) were used from Naisu Co. Ltd. 
Commercial diamond fillers were at first crushed with an 
alumina mortar, sufficiently washed with ethanol and dried 
at room temperature. The diamond fillers and metal bind-
ers (diamond content/Ag-Cu-Ti system brazing = 32 
wt%/68 wt%) were mixed in ethanol by mortar and then 
dryly mixed by the ball milling method using ZrO2 ball 
media. Furthermore, PVA polymer (20% of mixtures) was 
added to these mixtures as a binder and mixed with mor-
tar. After fully mixing, these mixtures were crushed with 
a mortar. Obtained powders were inserted in carbon dies 
and then heat-treated at 400˚C for 60 min. Then samples 
were sintered with hot-pressing equipments at 750˚C to 
950˚C for 10 to 30 min (heating rate 10˚C to 20˚C/min) 
in vacuum atmosphere (5 × 10–3 torr) with the applied 
pressure of 0.4 MPa to 0.93 MPa during the hot-pressing 
furnace in vacuum and subsequently slowly cooled in the 
hot-pressing furnace. 

Sintered diamond/metal composites (20 mm in diame-
ter and 5 mm in thickness) were ground with diamond 
wheel and cut with diamond saw. The density of sintered 
diamond/metal composites was measured. The components 
of sintered diamond/metal composites were evaluated by 
XRD (Rint 2100, Rigaku Denki Co. Ltd.). The microstruc- 
ture of sintered diamond/metal composites was observed 
by SEM (S4000, JEOL) and laser microscopy. The local 
compositions were measured by EDX analysis. Bulks of 
sintered diamond/metal composites were bonded with ep-
oxy resin on the meal support for grinding test for sapphire. 

3. Results and Discussion 

Figure 1 shows the results of XRD of sintered diamond/ 
metal composites. All bulks sintered at the temperatures 
of 750˚C to 950˚C were composed of diamond phase and 
Ag-Cu-Ti system brazing without any other phase for sin-
tered diamond/metal composites, as shown in figure. Thus, 
the increase of sintering temperatures from 750˚C to 950˚C 
had no reaction between diamond and Ag-Cu-Ti system 
brazing for the components of sintered diamond/metal 
composites during the hot-pressing in vacuum. Figure 2 
indicates the variation of XRD patterns with the increase 
of pressure during the hot-pressing in vacuum for diamond/ 
metal composites sintered at 850˚C. The components of 
sintered diamond/metal composites were also composed 
of diamond and Ag-Cu-Ti system brazing phase. There-
fore, the increase of pressure and sintering temperatures 
during the hot-pressing had no large influence on the com-
ponents of composites and reaction between diamond and 
Ag-Cu-Ti system brazing for these sintered diamond/metal 
composites. 

Figure 3(a) shows the results of density of sintered dia-
mond/metal composites to investigate the influence of sin-

tering temperatures (the pressure of 0.93 MPa). As shown 
in figure, the increase of sintering temperatures from 750˚C 
to 950˚C led to the slight increase of density of sintered 
diamond/metal composites during the hot-pressing in vac-
uum. In case of sintering at 850˚C, the maximum of den-
sity was achieved for bulks of diamond/metal composites. 
The increase of sintering temperatures a little enhanced 
the densification of these composites. 

Furthermore, the variation of density with the applied 
pressure during the hot-pressing in vacuum was examined. 
Figure 3(b) shows the results of density of diamond/metal 
composites sintered at 850˚C. The increase of applied pres- 
sure during the hot-pressing in vacuum slightly indicated 
the same density of sintered diamond/metal composites 
during this hot-pressing system. Thus, these dense bulks 
of diamond/metal composites were obtained for the addi-
tion of metal binder of this Ag-Cu-Ti system brazing by 
this hot-pressing in vacuum. In special, the increase of 
sintering temperatures enhanced the densification for sin-
tered diamond/metal composites during this hot-pressing 
system, although the pressure influence was small for the 
densification of these diamond/metal composites. 

 

 

Figure 1. Results of XRD of sintered diamond/metal com-
posites during the hot-pressing in vacuum. 

 

 

Figure 2. Variation of XRD patterns with the increase of 
pressure during the hot-pressing in vacuum. 
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Figure 3. Results of density of sintered diamond/metal com-
posites. (a) Influence of temperatures; (b) Influence of pres-
sures. 

 
Microstructures of sintered diamond/metal composites 

were observed with SEM and laser microscopy. Figure 4 
shows images of SEM for bulks of sintered diamond/metal 
composites. Bulks of sintered diamond/metal composites 
were densified and diamond grains were filled with Ag- 
Cu-Ti system brazing phase as a metal binder. Diamond 
grains with average particle size of 15 to 30 μm were 
homogeneously dispersed in Ag-Cu-Ti system brazing. 
From SEM observation, no large variation of grain size 
for diamond were confirmed after the hot-pressing sin-
tering, suggesting that the reaction between the diamond 
and Ag-Cu-Ti system brazing as a metal binder was in-
hibited and no grain growth generated during this hot- 
pressing sintering process. This result is coincident with 
the result of XRD. 

Figure 5 shows the image from the laser microscopy 
for sintered diamond/metal composites bulks. In this fig-
ure, diamond grains were black parts and Ag-Cu-Ti sys-
tem brazing were white and gray parts, respectively. From 
this image, it was found that the metal phases of Ag-Cu- 
Ti system brazing were homogeneously located at grain 
boundary of diamond grains matrix, as shown in figure, 
after the hot-pressing sintering in vacuum. These obser-
vations indicated that Ag-Cu-Ti system brazing as a binder 
possessed the good wettability, leading to the densifica-

tion of bulks for diamond/metal composites. From both 
results of observation using SEM and laser microscopy, 
it was obvious that the addition of metal binder of Ag- 
Cu-Ti system brazing into diamond grains inhibited the 
formation of the voids in the matrix of sintered bulks of 
diamond/metal composites and consequently the densifi-
cation of these diamond/metal composites was achieved 
through the hot-pressing sintering process. 

In addition, the EDX analysis of sintered diamond/metal 
composites was carried out for sintered diamond/metal 
composites bulks. Figure 6 shows the results of EDX 
analysis for sintered diamond/metal composites. White dots 
and parts were from the Ag, Cu and Ti elements. As shown 
in figure, Ag and Cu elements were homogeneous dis-
persed in Ag-Cu-Ti system brazing parts of not in diamond 
grains, whereas Ti element was also detected in Ag-Cu-Ti 
system brazing parts for sintered diamond/metal compos-
ites. Thus, the grain boundaries of the diamond grains were 
filled with a metal binder of Ag-Cu-Ti system brazing 
and consequently the bulks of diamond/metal composites 
sintered by the hot-pressing in vacuum were densified with 
the liquid sintering of Ag-Cu-Ti system brazing. 

 

 

Figure 4. Images of SEM for bulks of sintered diamond/metal 
composites. 

 

 

Figure 5. Image from the laser microscopy for sintered dia-
mond/metal composites bulks. 
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Figure 6. Results of EDX analysis for sintered diamond/metal composites. 
 

Grinding performance was evaluated through the test 
of grinding the sapphire ingot. Figure 7 shows the SEM 
images of surface for the ground diamond/metal compos-
ites samples after the test of grinding the sapphire ingot. 
The surfaces without the large grinding flaws and drop-out 
of diamond for diamond/metal composites samples were 
obtained, as shown in figure, as well as the bulks of resin 
bonded diamond with average particle size of 15 μm to 
30 μm. After grinding the sapphire ingot, the significant 
degradation like debonding of diamond grains was not 
confirmed. Thus, before and after the test of grinding the 
sapphire ingot, no large difference of surface of sintered 
diamond/metal composites was observed. Consequently, 
these dense bulks of dia-mond/metal composites sintered 
in this study were obtained and possessed the good grind-
ing ability for sapphire ingot. 

 

Figure 7. SEM images of surface for diamond/metal com-
posites after the grinding the sapphire. 

 
posites were obtained and possessed the good grinding 
ability for sapphire ingot. Grinding performance for sin-
tered diamond/metal composites was due to the good 
bonding between diamond grains and Ag-Cu-Ti system 
brazing as a binder. Consequently, the dense bulks of 
sintered diamond/metal composites with the good grind-
ing ability for sapphire ingot were successfully fabricated 
by this processing. 

4. Conclusions 

The fabrication of sintered diamond/metal composites bod-
ies composed of diamond filler and metal binder (Ag-Cu- 
Ti system brazing) was attempted by powder metallurgi-
cal sintering process at 750˚C to 950˚C in vacuum atmos-
phere. The bulks of diamond/metal composites possessed 
the high density after hot-press sintering in vacuum. Mi-
crostructural observation indicated that diamond grains 
were homogeneously dispersed for bulks. From EDX ana- 
lysis, Ag, Cu and Ti elements were homogeneous dispersed 
in the grain boundaries of diamond grains and the reac-
tion between the diamond and Ag-Cu-Ti system brazing 
as a metal binder was inhibited and no grain growth gen-
erated during this hot-pressing sintering process. From 
these observation, Ag-Cu-Ti system brazing as a binder 
possessed the good wettability, leading to the densifica-
tion of bulks for diamond/metal composites. 
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