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ABSTRACT: The work aims to improve the weldability of diamond and facilitate the bonding between the diamond and hetero-

geneous alloy. Ta coating was deposited on chemical vapor deposition (CVD) single-crystal diamond (not powder or particle)
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surface with large-size via double glow plasma surface alloying (DGPSA) technique. Then, the Ta-coated single-crystal diamond
and cemented carbide (WC-Co) were brazed with Ag-Cu-2wt.%Ti brazing alloy at 810 ‘C for 10 min in vacuum furnace. The
phase composition, surface micro morphology and element distribution of Ta coating and the cross-sectional morphology after
brazing were characterized by X-ray diffraction (XRD), scanning electron microscope (SEM) and energy dispersive X-ray
spectrum (EDS). Furthermore, to verify the effectively weldability of Ta coating for single-crystal diamond, a universal testing
machine was used to conduct a shear fracture test on the brazing samples of single-crystal diamond with Ta coating and without
Ta coating (control group) to explore the interfacial bonding strength after brazing. After alloying at 850 “C, the thickness of Ta
coating increased gradually from 0.35 pum to 7.96 um for deposition of 5, 15, 30 and 60 min, the grain grew from the
nano-crystal to columnar crystal, and the average grain size increased from ~84.24 nm to ~136.11 nm according to the XRD
pattern and Scherrer's equation with the deposition time at the same temperature of alloying (850 “C). The surface of Ta coating
sags and crests increased with the increase of deposition time and this surface unevenly improved the flow of brazing alloy and
enhanced the adhesion between Ta-coated single-crystal diamond and WC-Co during brazing. Besides, combined with the SEM
of cross-sectional morphology and EDS, the Ta coating was composed of deposited layer I and diffused layer II. This diffused
layer was mainly composed of TaC and Ta,C. These two metal carbides with good mechanical properties were generated at the
single-crystal diamond/Ta coating interface. The Ta,C had mechanical properties between Ta and TaC, which made it possible to
improve the interface plasticity and impact resistance of single-crystal diamond/Ta coating. In addition, this carbides layer
played a vital transition function at the interface between the single-crystal diamond and the Ta coating. The well bonding was
provided at this interface by this layer during shearing test. After shearing test, the shear strength first increased and then
decreased as the deposition time of Ta coating increased. When the deposition time is 30 min, the thickness of Ta coating is
3.47 um. The maximum shear strength (115.6 MPa) after brazing with WC-Co is obtained, which is greater than the shear
strength (75.6 MPa) of brazing samples without Ta coating. It is proved that Ta coating can obviously promote the weldability of
single-crystal diamond. It is worth noting that the sample with the longest deposition time (60 min) and the largest Ta coating
thickness (7.96 um) do not have the greatest shear strength.

KEY WORDS: CVD single-crystal diamond; double glow plasma surface alloying; Ta coating; Ag-Cu-Ti brazing alloy; vacuum
brazing; bonding strength
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Fig.1 Schematic diagram of double glow plasma
surface alloying device
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Tab.1 Bias voltage of source and workpiece electrode

Holding Electrode Negative bias in Negative bias during

time/min cleaning stage/V coating deposition/V

Source 270-280 520-530

> workpiece 520-530 320-330
Source 290-300 550-560

15 workpiece 540-550 350-370
Source 290-310 570-590

30 workpiece 540-560 360-380
Source 320-340 580-600

60 workpiece 570-590 370-390
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Fig.2 Schematic diagram of brazing sample and shear:
a) brazing sample; b) clamping of shear sample
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Tab.2 Parameters of vacuum brazing

Parameter Values
Working pressure/mPa 1
Heating rate/(‘C -min ") 10
Brazing temperature/C 810
Holding time/min 10
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Fig.3 Phase composition of Ta coating
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Fig.5 Surface morphology of Ta coating and average grain size for different deposition time
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Tab.3 Calculated average grain sizes of the 26=38.5° lattice
plane Ta coatings deposited for different time by XRD patterns

Holding time/min Half width/rad Grain size/nm

5 0.987 8 84.24
15 09173 90.71
30 0.8107 102.64
60 0.611 4 136.11

d 60 min

Measurement time
1 23 456 7 8 910

60 min
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Fig.6 Ta coatings: a) 5 min; b) 15 min; ¢) 30 min; d) 60 min; e) thickness of Ta coatings;
f) structure zone model (SZM) of vapor deposited film
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Fig.7 Brazing cross section
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Fig.8 Shear strength of welded joint after brazing
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