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Fig. 1. Interfacial modeling process between impregnated diamond substrate and diamond coating.
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Table 1.

optimization of diamond models with different num-

Variation of layer spacing after structural

bers of atomic layers.

JZRIEAE AL/ %
R8N

A1g Az Azy Ays Ase Aot
3 -10.852
5 -11.142 4.606
7 -10.716 4.643 -0.429
9 -10.708 4.643 -0.701 0.933
11 -10.701 4.688 -0.702 0.825 0.472
13 10.718 4.688 -0.704 0.862 0.330 —0.613

© Co atom doped in the 1st layer

@© Co atom doped in the 2nd layer
@ Co atom doped in the 3ird layer
\, @ Co atom doped in the 4th layer
@ Co atom doped in the 5th layer
@ Co atom

K 2

Co JF TR A [ TR JBE 1) 272 538 4 W A7 L TR A £
Fig. 2. Impregnated diamond substrate models with Co
atom doped in different depths.
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Fig. 3. Interface model between impregnated diamond sub-
strate and diamond coating: (a) Co atom doped in the first
layer; (b) Co atom doped in the second layer; (c) Co atom
doped in the third layer; (d) Co atom doped in the fourth
layer; (e) Co atom doped in the fifth layer; (f) without Co

atom.
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Fig. 4. Impregnated diamond substrate model after struc-
tural optimization: (a) Co atom doped in the first layer;
(b) Co atom doped in the second layer; (¢) Co atom doped
in the third layer; (d) Co atom doped in the fourth layer;
(e) Co atom doped in the fifth layer; (f) no Co atom.
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Fig. 5. Substrate structure when Co is doped in the third

layer.
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Table 2. Interface binding energy of impregnated dia-

mond substrates with Co atoms doped in different depths /

diamond coating.

%E? EP Eslabl Eslab? Einterface A/Az Wad/
Cofii & /eV /eV /eV (Jm?)
FIHEUZ -10822.680 ~20740.528 12.302
FIME2JZ -10824.324 -20739.004 11.410
RIEHE3ZE -10820.914 20725.527 8.575
o —9874.157 56.903
FHHAZ -10816.048 ~20735.417 12.730
FIHE5ZE -10816.702 ~20738.245 13.342
A& Co 9879.266 19801.206 13.454
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Fig. 6. Interface model between impregnated diamond sub-
strate and diamond coating after structural optimization:
(a) Co atom doped in the first layer; (b) Co atom doped in
the second layer; (¢) Co atom doped in the third layer;
(d) Co atom doped in the fourth layer; (e) Co atom doped
in the fifth layer; (f) no Co atom.
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Fig. 7. Differential charge density of substrate: (a) Co atom doped in the first layer; (b) Co atom doped in the second layer; (¢) Co

atom doped in the third layer; (d) Co atom doped in the fourth layer; (e) Co atom doped in the fifth layer.
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Fig. 8. Partial density of states of Co and bonded C atoms in the substrate: (a) Co atom doped in the first layer; (b) Co atom

doped in the second layer; (¢) Co atom doped in the third layer; (d) Co atom doped in the fourth layer; (¢) Co atom doped in the

fifth layer.
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Table 3.

Co 1T 3 JZMIEF AL B AL

the third layer.

Atomic population when Co is doped in

Mulliken atomic populations

Total Transfer

Atom s p d electron/e charge/e
Co 0.05 -0.77 7.79 7.06 1.94
C(1) 1.32 2.82 0.00 4.14 -0.14
C(2) 1.19 291 0.00 4.10 0.10
C3) 1.22 2.94 0.00 4.15 -0.15
C4) 1.18 3.00 0.00 4.17 -0.17
C(5) 1.22 2.94 0.00 4.15 -0.15
C(6) 1.18 2.91 0.00 4.10 -0.10
c(7)  1.22 2.90 0.00 412 0.12
C(8) 1.17 3.04 0.00 4.20 -0.20
c9) 117 3.04 0.00 4.20 -0.20
# 4 CofliTH 32 AHEAT fE L

Table 4.  Bond population when Co is doped in the

third layer.

Bond Population Length/A
Co—C(1) -0.22 1.94970
Co—C(2) ~0.22 2.02913
Co—C(3) -0.31 1.93623
Co—C(4) -0.19 1.98079
Co—C(5) -0.13 1.93626
Co—C(6) ~0.22 2.02911
Co—C(7) 0.41 2.07074
Co—C(8) 0.34 1.88913
Co—C(9) 0.34 1.88915
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Influence of Co atom embedding depth in impregnated
diamond substrate on bonding strength of
diamond coating film substrate interface’
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Abstract

Diamond coating has many excellent properties such as extreme hardness, high elastic modulus, high
thermal conductivity, low friction coefficient, low thermal expansion coefficient, and good corrosion resistance.
Those properties are close to natural diamond’s, thereby making the diamond coating an ideal new type of
wear-resistant tool coating material. However, a large number of experiments have proved that during the
deposition of diamond coating, the bonding phase cobalt on the surface of impregnated diamond substrate will
generate a layer of graphite at the interface, which seriously weakens the adhesive strength between the
substrate and the coating. To thoroughly solve this problem, it is necessary to investigate the microscopic
process of graphitization caused by the Co element embedded on the substrate surface. Therefore, the first
principle theory is adopted to simulate and analyze the interfacial adhesive strength of diamond coating when
Co atom is embedded at different depths on the surface of impregnated diamond substrate, thereby exploring
the mechanism of the influence of bonding phase Co element in the substrate on the diamond coating and the
mechanism of Co promoting diamond graphitization. The calculation results show that the interfacial binding
energy first decreases and then increases with the increase of Co embedding depth in the substrate. When Co
atom is embedded in the third layer, obvious graphite structures are prone to appear at the interface, and Co
promotes diamond graphitization most significantly, resulting in the minimum bonding strength between the
film and substrate interface. The results of structure and charge indicate that under the influence of surface
effect and Co—C bond length, the C atoms in the second layer of the substrate move to the first layer and the
hybridization mode changes from sp® to sp?. Meanwhile, this movement leads to an increase in the interaction
space and quantity between Co atoms and the surrounding C atoms. In addition, there are many unpaired
electrons in the Co valence layer, which can easily mix and rearrange electron orbitals with the surrounding C
atoms, ultimately resulting in a graphite structure on the substrate surface. When Co atoms are embedded in
the fifth layer, the stable configuration of the substrate surface and the interfacial adhesive strength are no

longer affected.

Keywords: diamond coating, Co element, adhesive strength, graphitization
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