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Fig. 1. (a), (b) Front and top view of model diamond
(111)/A1(111); (¢), (d) front and top view of model dia-
mond(100)/A1(111).
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Fig. 2. Differential charge density image of model: (a), (b) Diamond (111)/Al1(111); (c), (d) diamond(100)/Al(111).
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Fig. 3. PDOS of diamond/Al interface: (a) Diamond(111)/Al(111); (b) diamond(100)/Al(111).
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Table 1.  Atomic orbital population analysis of dia-

mond/Al interface.

Interface model Position s p Total Charge

All  1.031.61 2.64 0.36
Al2  1.031.61 2.64 0.36
Diamond(111)/A1(111)
Al3  1.031.61 2.64 0.36
Cl  1.183.07 425 -0.25
C2  1.183.09 4.26 -0.26
All  0.881.73 2.61 0.39
A2 0.891.72 2.60 0.40
Diamond(100)/A1(111) ~ A13 0.881.73 2.61 0.39
Al4  0.891.72 2.61 0.39
Cl  1.333.10 443 0.43
C2 1.333.10 443 0.43
©0 v
fg % All Al2  Al3 Al4
c1 c2
B4 &WA /B mERSERIIERIBE  (a) &R

A (111) /47 (111); (b) 4 WA (100)/47 (111)

Fig. 4. Partial image of optimized structure of diamond/Al
interface: (a) Diamond(111)/Al(111); (b) diamond(100)/Al
(111).
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F2 AIRE SR A I E N C R

Al(111) FH AR HIHE (eV-atom™)

Table 2.

surface with different coverage and adsorption posi-

tion (eV-atom !).

Adsorption energy of C atom on Al (111)

Coverage/ML ® @ ®
0.25 4.12 7.96 7.63
0.50 6.89 8.62 8.21
1.00 4.27 7.41 5.76

(d)

(a) AL(111) F B (b) C JELT1E AL(111) 2 A7 BRI (c) AL BT

Fig. 5. Determination of adsorption position of C atom on Al (111) surface: (a) Al (111) surface model; (b) top view of the adsorp-

tion position of C atom on Al (111) surface; (c) the local map of Al;Cs model; (d) the position of the optimized C atom on Al (111)

surface.
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Fig. 6. Schematic diagram of diamond(100)/Al(111) modified model: (a), (c) Before optimization; (b), (d) after optimization.
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Fig. 7. Differential charge density analysis of diamond(100)/Al(111) modified model: (a) Top view of the model after structure op-

timization; (b) cross section differential charge density diagram of (D in Fig. (a); (c) cross section differential charge density dia-
gram of @ in Fig. (a); (d) the differential charge density diagram of the dotted line in Fig. (b).
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Fig. 8. PDOS of diamond (100)/Al1(111) modified model.
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Fig. 9. SEM morphology of diamond extracted from dia-
mond/Al composites: (a) Overall morphology of extracted
diamond particles; (b) local morphology of extracted dia-

mond particles; (¢) morphology of single diamond particle;
(d) Al,C; pits on {100} plane.
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Fig. 10. AFM photographs of diamond surface in compos-
ites: (a) Diamond {111}; (b) diamond {111} with 10 pm x
10 pmarea; (c) diamond {100}; (d) diamond {100} with 10 pm X
10 pm area.
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Fig. 11. Characterization of interface reaction of composites:
(a) Al,C3 morphology at the interface of diamond{100}/Al;
(b) phase relationship at diamond/Al interface.
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Fig. 12. The variation of normalized thermal conductivity

of diamond/Al composites after heat-moisture treatment.
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13 B 60 d BTR ERIG /Z S H BT TTESR  (a), (b), (¢) BIAFT; (), (o), (f) IR
Fig. 13. The fracture morphology of diamond/Al composites: (a), (b), (c) before and (d), (e), (f) after 60 days heat-moisture treatment.
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Abstract

First-principles calculation and experimental methods are used to study the interfacial properties and
reaction of diamond/Al composites. Based on the first-principles method, the interfacial adhesion work (W,q),
electronic structure and charge transfer of diamond/Al models are calculated systematically. The results show
that the adhesion work of diamond(100)/Al(111) is 41% higher than that of diamond(111)/Al(111), therefore,
the interface bonding of diamond(100)/Al(111) interface is stronger. According to the analysis of the electronic
structure, there are more charges transferring at the diamond(100)/Al(111) interface, and the high charge
density is distributed on the side of C atoms. The redistribution of charges at the interface is conducive to the
formation of Al—C bond, so that the tendency of forming Al—C bonds is greater. The introduction of Al—C
bond can promote the formation of C—C bond at the diamond(100)/Al(111) interface and improve the
interfacial adhesion work. In addition, the diamond/Al composites are fabricated by vacuum gas pressure
infiltration, and multi-scale characterization of the interface structure of diamond/Al composites is carried out.
The interfacial debonding occurs mainly on the diamond {111}. Meanwhile, the interface product Al,Cj is easier
to form on the diamond {100}. The experimental phenomenon is consistent with the calculated results.
Moreover, the influence of the interfacial reaction on the properties and stability of diamond/Al composites are
further discussed through heat-moisture treatment. The study finds that the performance degradation in heat-
moisture environment is related mainly to the hydrolysis of the interface product Al,C;. After 60 days’ heat-
moisture, the thermal conductivity of the diamond/Al composites decreases by 29.9%, and the bending strength
is reduced by 40.1%. The large attenuation of performance is not conducive to the stability of composites in
complex environments. Therefore, inhibiting the formation of Al,C; and improving interfacial selectivity are of
great importance in developing the performance and stability of diamond/Al composites. The research in this
paper not only lays a theoretical foundation for the first-principles calculation of the interface properties of

diamond/metal, but also possesses important guidance significance in designing the diamond/metal composites.
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