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Brazing Diamond Grits onto a Steel Substrate Using 
Copper Alloys as the Filler Metals 

S.-M. Chen and S.-T. Lin 

Surface-set diamond tools were fabricated by an active metal brazing process, using bronze (Cu-8.9Sn) 
powder and 316L stainless steel powder mixed to various ratios as the braze filler metals. The diamond 
grits were brazed onto a steel substrate at 1050 ~ for 30 min in a dry hydrogen atmosphere. After braz- 
ing practice, an intermediate layer rich in chromium formed between the braze filler metal and diamond. 
A braze filler metal composed of 70 wt % bronze powder and 30 wt % stainless steel powder was found to 
be optimum in that the diamond grits were strongly impregnated in the filler metal by both mechanical 
and chemical types of holding. The diamond tools thus fabricated performed better than conventional 
nickel-plated diamond tools. In service, the braze filler metal wore at almost the same rate as the dia- 
mond grits, and no pullout of diamond grits or peeling of the filler metal layer took place. 
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1. Introduction 

ALTHOUGH single-point diamond tools are occasionally used 
for precision machining, they suffer the drawbacks of  high cost 
and brittleness. The usual way of  overcoming such drawbacks 
is to fabricate abrasive diamond tools by impregnating fine dia- 
mond grits in a metal matrix. These diamond tools are used ex- 
tensively for cutting, drilling, and surface grinding of  stones, 
concrete, advanced ceramics, silicon wafer, and cemented car- 
bides (Ref 1-7). There are various routes to the fabrication of 
diamond tools having distinct structures (Ref 3, 4, 6, 7), among 
which electroplating and brazing processes are usually em- 
ployed to fabricate surface-set diamond tools by impregnating 
a layer of diamond grits onto the surface of metallic substrates. 
Thus, depending on the fabrication method, the hold on the dia- 
mond by the metal matrix can be mechanical, chemical, or a 
combination of both. 

During service, the metal-diamond interface must withstand 
the moment to which the diamond grits are subjected. A purely 
mechanical hold on the diamond by the metal matrix is often in- 
sufficient and has to be assisted by a chemical one. Chemical 
bonding between the metal matrix and diamond grits can de- 
velop in an active metal brazing process, where the braze filler 
metal is usually composed of  different constituents (Ref 8). 
Nickel is a common major constituent of  braze filler metal, due 
to its strong affinity to diamond and high resistance to corro- 
sion (Ref 6, 7). It is usually alloyed with chromium as the active 
metal (carbide former) and with additional metalloids such as 
phosphorus, boron, and carbon to reduce the melting tempera- 
ture. Nevertheless, the nickel-based alloys currently used as the 
filler metals have eutectic temperatures higher than 1000 ~ 
such that only natural diamond grits can be used in brazing 
practice, because synthetic diamond begins to lose strength be- 
yond 800 ~ (Ref 1). Additionally, due to the catalytic effect of  
nickel on the conversion of  diamond into graphite and the high 
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solubility of  carbon in nickel at high temperatures, attack 
against the diamond grits is usually so severe that only diamond 
grits with grain size larger than about 10 lam can be used. 

To solve the problems associated with nickel-based braze 
filler metals, alloys that have low melting temperatures and low 
solubilities for carbon, such as copper alloys, are thus potential 
candidates to be braze filler metals. Copper can be alloyed to 
reduce the brazing temperature, which in turn can minimize the 
deterioration of diamond grits and distortion of the metallic 
substrate. However, its inherent low hardness and poor wetta- 
bility on diamond are widely believed to limit its success as a 
braze filler metal (Ref l, 6, 7). Therefore, copper has to be al- 
loyed with active metals to enhance its applicability as a braze 
filler metal. Copper alloys containing several percentages of  
active metals, such as chromium, titanium, tantalum, niobium, 
and vanadium, can improve the wetting and bonding charac- 
teristics between copper alloys and diamond by forming inter- 
mediate products that are a few microns thick (Ref 1, 9-12). For 
example, when copper was alloyed with 0.08 wt% Cr, the 
bonding strength between copper and diamond increased from 
10 to 380 MPa, due to the formation of  an intermediate Cr3C 2 
layer (Ref 9). Nevertheless, these active metals are usually 
added via vapor deposition to enhance their segregation to the 
diamond surface (Ref 1, 13). Such an approach suffers the 
drawbacks of being a multiple-step process and possibly caus- 
ing uneven coating of  the active metal on the diamond surface. 
Therefore, this research investigated the feasibility of  brazing 
diamond grits in a single step, using mixed bronze and stainless 
steel powders as the braze filler metal. It was expected that ac- 
tive brazing of diamond grits onto the steel substrate and densi- 
fication of  the braze filler metal could be simultaneously 
achieved by liquid phase sintering. 

2. Experimental Procedures 

Natural diamond grits having sizes smaller than 80 mesh 
(about 180 lam) but larger than 100 mesh (about 150 lam) were 
used. The braze filler metals were prepared by mixing bronze 
powder (Cu-8.9Sn) and 316L stainless steel powder (Fe- 
17.5Cr-13Ni-2.7Mo-0.03C) to various ratios. The mean parti- 
cle sizes of  the bronze powder and the 316L powders were 75 
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and 14 p.m, respectively. Table 1 shows the composition of the 
mixed powders used in this study, denoted as B-10SS, B-30SS, 
and B-50SS as abbreviations for bronze-10% stainless steel, 
bronze-30% stainless steel, and bronze-50% stainless steel, re- 
spectively. The braze filler metals were utilized in paste form, 
prepared by ball milling the mixed metal powder (80 wt%), 
polyethylene glycol (5 wt%), and water (15 wt%). Initially, a 
steel substrate (AISI 4130) was dipped into the filler metal 
powder paste and withdrawn. The diamond grits were also, as 
an alternative, applied to the steel substrate by sprinkling from 
a sieve device. Brazing practice was carded out in an alumina 
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Fig. 1 Effects of relative fraction of 316L stainless steel pow- 
der in the braze filler metal on the wetting and bonding charac- 
teristics between the braze filler metal and the graphite or steel 
substrate, and on the hardness of the braze filler metal 

tube furnace, using a protective atmosphere of dry hydrogen 
(dew point: -50 ~ The thermal profile was: heat at a rate of  
10 K/min to 1050 ~ hold for 30 min, and follow by furnace 
cooling. The brazed diamond tool was ground and polished 
with a phenolic bonded diamond grinding wheel. Both optical 
microscope and scanning electron microscope (SEM) were 
utilized to examine the morphologies of the as-brazed and as- 
polished diamond tools. Electron probe microanalysis (EPMA) 
was carried out to analyze the composition of  the as-polished 
surface, under an accelerating voltage of  15 keV and an average 
electron beam diameter of 2 lim. 

Wetting and bonding characteristics between braze filler 
metal and diamond, and between braze filler metal and steel 
substrate, are important in affecting the diamond tool life. 
Strong bonding between the braze filler metal and diamond can 
prevent pullout of diamond grits during service, while strong 
bonding between the filler metal and steel substrate can prevent 
stripping or peeling of  the braze filler metal layer during serv- 
ice. Thus, wetting and bonding tests were carded out. Graphite 
plate was used instead of  large faceted diamond grain, because 
it has been shown that the wetting behavior between copper al- 
loys and diamond is close to that between copper alloys and 
graphite (Ref 9-11). Wetting behavior between the molten filler 
metal and steel substrate or graphite substrate was examined 
using SEM. Bonding strength between the filler metal and steel 
substrate or graphite substrate was determined by tensile test- 
ing. The specimens were prepared by brazing two steel or 
graphite segments together using the braze filler metal in a 
sandwich-like structure. In addition, hardness of the braze filler 
metal was determined using the liquid phase sintered compact 
of  mixed bronze and stainless steel powder. All of the speci- 
mens for the above-mentioned tests were prepared using the 
same thermal profile as that used in brazing the diamond grits. 

3. Results and Discussion 

3.1 Properties 

Figure 1 shows the effects of  braze filler metal composition 
on the wetting and bonding characteristics between the filler 
metal and steel substrate or graphite, as well as the hardness of  
the sintered filler metal compacts. The bonding strength be- 
tween the braze filler metal and graphite substrate is not shown 
in this figure because cracks existed in the graphite substrate af- 
ter brazing practice. It was also found that B-50SS was not sin- 
tered to a fully dense structure, so the following discussion is 
valid only for the braze filler metals containing lower fractions 
of  stainless steel powder. 

Table I Composition of three braze filler metals, prepared 
using mixed bronze and 316L stainless steel powders 

Filler 316Lcontent, Composition, wt % 
metal wt% Cu Sn Fe Cr Ni Mo 

B-10SS 10 82.0 8.0 6.7 1.7 1.3 0.3 
B-30SS 30 63.8 6.2 20.0 5.3 3.9 0.8 
B-50SS 50 45.6 4.4 33.4 8.8 6.5 1.3 
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The wetting and bonding characteristics between the braze 
filler metal and steel substrate deteriorated with the increase of 
stainless steel powder in the braze filler metal. Fracture of the 
sandwich-like specimens propagated mostly along the inter- 
face between the braze filler metal and steel substrate. The 
bonding strength was approximately between 170 and 220 
MPa. Figure 2 shows a fracture surface of a sandwich-like 
specimen brazed using B-30SS as the filler metal. Clustering of  
particles less than 20 p.m can be clearly observed. On the other 
hand, the wetting behavior between the braze filler metal and 
graphite was significantly improved with the increase of stain- 
less steel powder in the braze filler metal. Such a trend is simi- 
lar to a previous report which showed that addition of  0.12 wt% 
Cr to copper substantially reduced the wetting angle be- 
tween copper and graphite, from 130 ~ to 40 ~ (Ref 11). The 
improved wetting behavior was attributed to the formation 
of  an intermediate carbide layer at the metal-carbon inter- 
face (Ref 10). 

The correct exposure of  the diamond grits during service is 
vital to cutting efficiency, which is partially determined by the 
hardness of  the braze filler metal. Braze filler metal that is too 
hard or wear resistant will not be removed rapidly enough to 
keep fresh diamond cutting edges exposed, which will result in 
the phenomenon of"glazing" (Ref 4). On the other hand, braze 
filler metal that is too soft or too easily eroded will cause pre- 
mature loss of the diamond grits. The hardness of  the sintered 
braze filler metal compact increased substantially with the in- 
crease of  stainless steel powder in the braze filler metal. High- 
est hardness was achieved by the sintered B-30SS compact 
(233 kgf/mm 2 HV), although even this was much lower than 
the hardness of nickel-based alloys used in active metal brazing 
of  diamond tools (>600 kgf/mm 2 HV) (Ref 14). In comparison, 
the hardness of  the metal matrix for most hot-pressed diamond 
tools lies between 120 and 255 kgf/mm 2 HV (Ref 1). Addi- 
tional alloying with tungsten or tungsten carbide can further in- 
crease the matrix hardness (Ref 15). The hardness of  sintered 
B-30SS was much higher than that of 98% dense hot-pressed 
bronze compact (Hv 146 kg/mm 2 HV) or 96% dense sintered 
316L stainless steel compact (Hv 164 kg/mm 2 HV), attributed 
to the solution hardening and/or precipitation hardening ef- 
fects. Partitioning of  elements of  the initial powders occurred 
to a substantial extent during liquid phase sintering, even 
though clustering of  particles that were originally 316L stain- 
less steel powder can still be found in Fig. 2. 

3.2 Microstructure 

Figure 3 shows cross sections of  brazed diamond tools that 
are approximately perpendicular to the interface between the 
braze filler metal and steel substrate. The diamond grits were 
properly embedded in the fully dense braze filler metals when 
B-10SS and B-30SS were used as the braze filler metals, but 
they were easily pulled out of  the poorly densified braze filler 
metal during grinding when B-50SS was used. It can also be 
observed in this figure that wetting behavior of the braze filler 
metal on diamond grits was improved by changing the filler 
composition from B-10SS to B-30SS. Improved wetting en- 
hanced the protruded height of  diamond grits, which in turn 
could possibly promote higher cutting rates and cutting effi- 
ciencies. 

Figure 4 shows the surface of  a diamond tool, brazed using 
B-30SS as the filler metal, in the as-polished and as-etched 
states. This surface is approximately parallel to the interface 
between filler metal and steel substrate. There was no pullout of  
diamond grit during polishing, indicating that the diamond 
grits were strongly impregnated in the filler metal. Three dis- 
crete phases could be discriminated by their distinct morpholo- 
gies in the filler metal matrix prior to etching: the phase 
surrounding the diamond grits, the phase composed of inter- 
connected spheroidal grains, and the continuous phase that was 
in the liquid state during sintering. The phase surrounding the 
diamond grits was difficult to etch, while the interconnected 
spheroidal grains could be etched easily. This observation sug- 
gests that partitioning of chromium occurred during brazing. 
Analysis of  the phase surrounding the diamond grits by line 
scanning in EPMA indicated that this layer was rich in chro- 
mium and had a thickness of  about 13 lam. Such a layer is 
widely believed to be a carbide layer (Ref 8, 9, 13). For exam- 
ple, an intermediate Cr3C 2 layer about 1.8 lam thick formed 
when Cu-0.33wt%Cr (Cu-0.4at.%Cr) was used as the braze 
filler metal (Ref 9). The intermediate layer can be further ob- 
served in the fracture surface near the interface between a dia- 
mond particle and the braze filler metal, as shown in Fig. 5. 
Fracture propagated close to the diamond surface but within the 
carbide layer, leaving clear pits. 

To properly hold the diamond grits, both wetting and bond- 
ing criteria must be satisfied for diamond tools fabricated by 
brazing. Fabrication process also must not result in excessive 
loss of  diamond due to chemical interaction with the metal, or 
reversion of  diamond to the more stable graphite (Ref 1, 5, 9). 
Based on previous illustrations, the wetting and bonding char- 
acteristics between the braze filler metal and diamond grits 
were improved by the formation of  an intermediate carbide 
layer near the diamond-metal interface. The hold on the dia- 
mond grits by the braze filler metal was achieved by atomic re- 
action at the interface, in addition to the mechanical support. 
Though atomic reaction occurred, the intermediate carbide 
layer could reduce the further loss of  diamond because it be- 
haved as a diffusion barrier. Nevertheless, the loss of diamond 
could still be severe for fine diamond grits. For example, if the 
layer surrounding the diamond grits shown in Fig. 4 was Cr3C 2, 

Fig. 2 Tensile fracture surface of the steel/filler metal/steel sand- 
wich specimen, showing clear clusters of spheroidal particles 
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(a) (a) 

(b) 

(c) 

Fig.3 Cross sections of brazed diamond materials. (a) B- 10SS. 
(b) B-30SS. (c) B-50SS. The dark items in (a), (b) and, (c) are dia- 
mond particles. 

formation of  a 13 ~tm thick carbide layer consumed about 3.7 
lxm of diamond from its surface. Therefore, further optimiza- 
tion of  processing temperature or processing time is required if 
diamond grits smaller than 10 ~tm are to be used. 

(b) 

Fig. 4 (a) As-polished and (b) as-etched microstructures of a 
diamond tool brazed using B-30SS as the filler metal 

3.3 Performance Comparison 
Surface-set diamond tools processed by electroplating or by 

brazing were compared with respect to their tool lives. The 
electroplated metal was nickel, while the braze filler metal was 
B-30SS. Figure 6 shows a typical configuration of the nickel- 
plated diamond tools. The nickel matrix near the diamond grits 
exhibited a concave profile, caused by the nonconducting char- 
acteristic of diamond. Therefore, if the protruded height of the 
diamonds is large, the diamond grits can be easily pulled out of 
the nickel matrix long before the diamond grits are worn out. 
To avoid such a problem, the diamond grits have to be embed- 
ded so deeply that the embedded portions are usually unavail- 
able for cutting before the tools become glazed. In addition, a 
low protruded height of diamond grits may cause buildup of 
heat when the tools are rubbed against the workpiece. On the 
other hand, for the brazed diamond tools, the diamond grits 
were impregnated to a shallow depth and the braze filler metal 
exhibited a wetting coverage on the diamond grits, as shown in 
Fig. 3(b). This promoted high diamond exposure and greatly 
eliminated the loss of diamond particles through pullout. Fur- 
thermore, the diamond grits were bonded with about 30% of the 
crystals covered with the braze filler metal, which might allow 
greater scarf clearance, higher cutting speed, and lower heat 
buildup. 
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Fig. 6 Microstructure of an electroplated diamond tool surface. 
Note the nonwetting of the electroplated nickel on the pyramid of 
diamond. 

Fig. 5 Microstructure of the fracture surface near the carbide 
layer 

Grinding wheels capable of  forming curve profile were fab- 
ricated by these two processing routes to grind against granite 
plates. The granite plates, which originally had right angle 
edge, were ground into quarter-circle curved edge 20 mm in ra- 
dius. Grinding was carried out at a rotation frequency of  6000 
rpm in a wet condition, using a manually operated machine 
(Master 3000, Marmoelettromeccanica, Italy). The machine 
ran at a rate of  10 + 2 m/min. The average tool lives for the elec- 
troplated and brazed tools, based on three tested specimens 
each, were 36 and 52 m, respectively. Relatively speaking, the 
brazed diamond tools yielded smoother ground surface with 
less noise. 

Impregnation of  diamond grits by electroplating produced a 
simple mechanical entrapment of  the diamond grits on the 
plated nickel layer and a mechanical type of  adhesion between 
the plated nickel layer and the steel substrate. Depending on the 
surface cleaning conditions, the adhesion strength between the 
plated nickel layer and the steel substrate is usually less than 
140 MPa (Ref 16). Therefore, stripping or peeling of  the plated 
nickel layer could take place when the shearing stress in service 
is too high. Figure 7 compares the electroplated and brazed dia- 
mond tools that experienced a continuous dry grinding opera- 
tion against granite for 3 min at a rotation frequency of  3600 
rpm. Peeling of  the plated nickel layer was so severe for the 
electroplated diamond tools that the plated layer virtually disin- 
tegrated long before the diamond grits were worn out. The 
braze filler metal did not strip or peel because interfaciai bond- 

Fig. 7 A comparison of the electroplated and brazed diamond 
tools after dry grinding, Severe peeling of the plated nickel layer 
had occurred for the electroplated diamond tool, while the dia- 
mond grits and the braze filler metal layer were strongly bonded 
together for the brazed diamond tool. 

ing strength between the braze filler metal and' the steel sub- 
strate was high. Furthermore, wearing of  the braze filler metal 
proceeded at the maximum rate as the wear rate of  the diamond 
grits, such that the diamond grits were not dislodged prema- 
turely from their positions and the microstructures of  the dia- 
mond tools in the worn state were similar to that shown in Fig. 
4. Examination of the ground diamond grits under higher mag- 
nification, as shown in Fig. 8, indicated that microfracture of  
the diamond grits occurred during service such that numerous 
new sharp cutting edges were exposed. This might explain why 
brazed diamond tools achieved smoother ground surface and 
less noise. 

4. Conclusions 

An active metal brazing process, using copper alloys pre- 
pared by mixed bronze powder and 316L stainless steel powder 
as the braze filler metal, was found to be a viable route for fab- 
ricating surface-set diamond tools. The process produced very 
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Fig. 8 Examination of a ground diamond grit at high magnifi- 
cation, showing the existence of fine cutting edges in the dia- 
mond grit 

efficient diamond tools yielding increased productivity and 
part consistency. The braze filler metal was composed of 70 
wt% bronze powder and 30 wt% 316L stainless steel powder. 
After brazing, a fully dense braze filler metal matrix evolved 
that was composed of three distinct phases, among which was a 
chromium-rich intermediate layer about 13 I.tm thick that 
formed between the metal matrix and diamond grits. A com- 
bined chemical and mechanical type of holding on the diamond 
grits was attained, which was the origin of enhanced grinding 
performance when the braze material was compared with the 
electroplated diamond tools in side-by-side tests. 
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