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Table 1 MEAM potential parameters of C and Ti

Structural parameter

Element E./eV re/nm
B A [);0 /))1 ﬂz ﬂs tl t2 t3 Cmin Cmax d
C 7.37 0.154 4.45 118 425 28 20 50 32 144 448 141 2.8 0
Ti 4.87 0.292 1.1 0.66 2.7 1.0 30 10 68 -20 -12 1 144 0
£ 2 Ti-CHHMEAM#ES#
Table 2 MEAM potential parameters of Ti-C
Structural parameter
Element Ec/eV re/nm
B Cmin(121) Cnin(212) Cnin(112) Cmin(122) Crax(121) Crmax(212) Crmax(112) Crax(122)
Ti-C 5.34 0.2210 2.419 0.64 0.64 2.064 2.064 1.44 2.8 2.8 2.8
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Fig.3 Distribution of atomic diffusion at the interface between diamond and titanium at different diffusion temperatures: (a) 803 K,
(b) 853 K, (c) 903 K, (d) 953 K, and (e) 1003 K



- 162 - Wi e JEARL S T2 %51 %
100+ ali1o0k b
NS T=803 K T=853 K h
SN 4 —+— Catoms —— Cat
g 801 ' —e— Tiatoms 80+ — Tizg)r:]ni
£ 6o} 60}
< '
5]
< 40} \ 40}
S I : - v
O Diffusion zone | Diffusion zone | ¢k
L 20t : 20
g '
< O . - . or . : . .
0 4 8 12 16 0 4 8 12 16
o100 : ¢l 100} dl100} - e
s =903 K —— Catoms T=953 K —— Catoms T=1003K | —— Catoms
S 80+ —— Tiatoms | 80t —— Tiatoms | 80r —e— Tiatoms
= .
§ 60+ 60 60
e
8 40 40+ ! 40+ o
o Diffusion zone Diffusion zone ! Diffusion zone !
g 20} 20+ 20+
=] i
<0 P 0 OF b
0 4 8 12 16 4 8 12 16 0 4 8 12 16
Distance, Z/nm Distance, Z/nm Distance, Z/nm

4
Fig.4
(c) 903 K, (d) 953 K, and (e) 1003 K

Tifi e B R H G RN (4) WAT UG 2 738 05

37 3 4 R AR PRAEL 5 9 OR BUD I 56 A

D= 5ot & 3 (1)-x (O]

AT FEREAT B2 = ZERLALL, MA=3, (K,

(5)

R

KD N 1 3275 1 M R KA BR B 1/6 A
it 1L LAMMPS BB A3 2IC IR 1 S5 Ti R 1 111

Tifi#e ek Heti 2k, wnlEl 5 fras. ATUAE M, BEE Y EK
IR FE RGN, CIE T 5 Ti & (K 15 75 1 88 ) 1 2 H
W il 2 1 DI K K o N BT SeTa . RTS8 HIGH S

ANTFL Y B B T <2 WA 5 Bk = IR ST B4 iR 1 B A o3 AT

Distribution of atomic ratio at the interface between diamond and titanium at different diffusion temperatures: (a) 803 K, (b) 853 K,

ATRARI 3 2 ANBr B S8R /T 903 K, CJR
T 5TiE T Y75 6088 B8 205 H08 N, R 7 4k TIKHE
HLHY BT 49 B KT 903 K, CER 1 5Tilf 1
BT A I R A B OK, JRF A TPUEY HO
Bllo th4h, fE&Y HURE N, CIE-F I AR 1 %
B R F TR 735 75 67 6 1) 380 %6 8 45, B C A1 11
P HOE B LTI 9 B Bk, S B LACE +
T HONE.

Xof 15 o 5 35 75 1 A ok Bl 2R AT R PRI G
ATLAR B MR I R A, A (5), f#

MSD-Z/>10"° nm?

T
20F ——803K 12— 803K "y 35} c
—— 853K a —— 853K b Q —4—Catoms :
16} —— 903K “g10}— 903K e 30 —e— Ti atoms !
—— 953K S — 953K Z el !
1oL — 003K 2, 8F—— 1003K 2 !
—— 1053 K X gl 5, 08K X 20} |
C atoms N Ti atoms 2 !
fa 4 s 15+ |
n i 2 |
= S 10F
ol 2r P |
< 5
(08 Or & . . . . . .
6 260 460 660 0 200 400 600 803 853 903 953 1003 1053
Time/ps Time/ps Temperature, T/K

K5 CIRT ATl 7§77 (LF8 i 2k K 877 (078 3 R B 5§ BRIk &

Fig.5 Mean square displacement (MSD) curves of C (a) and Ti (b) atoms and relationship between the rate constant of mean square

displacement and the diffusion temperatures (c)



%1

RERREE: NG SN E TR BT A > T3 77 A - 163 -

SN Y EGRE N ICIE F S TR T Y
BOREE, 45 R Wk 3 fir.
3.3 ¥HMAHAK

EY BOS R, ¥ RD S BUk ET 2 A3 2
Arrhenius ¢ 2124,

D = D,exp(~Q/RT) (6)
X, Do AF BT, QAF BUHIERE, RN KL
8.314 J/(mol K).

H )4, ¥ AMINDE UTELMXR. H
3B RWME 6 aRMCH T 5TIR 7T B RS
PR E R RE . R 3 AU HEAT 4 A
&, [ErABIND-UTXR R, WK 6 FELR.

RARIND-1/T K & M 28 (e AR 56, mf 4 5145
CIRF TilRF 1P BN T Do Mo HUBS GEQRI £
CIR T HI9 B K T-Dp=3.0266<10° cm?/s, 4 Bl i fE
Q=5.48x10* J/mol, TiJi T (13 B A T Do=4.8977x%
1010 cm?/s, I BT AEQ=4.50<10" J/mol. ¥t _FikD,
MQE AN (6) (FAHE H &R A HERE RS
B R CE T TR PRI B AT AR:

D, =3.0266x10exp(-6590.3527/T)

Dy, = 4.8977x10™exp(-5411.6160/T )

g LTk, NS A S TR RE R R B .
Hb AR AU 4 WA 5 R TE SR 4 i R R 1 ST O AR

7

F= 3 C. TiIEFREREEY BAHE
Table 3 Simulated diffusion coefficient values of C and Ti

atoms (<10 cm? s™)

TIK 803 853 903 953 1003 1053

Dc 0.9939 1.1627 1.6464 3.1293 4.8345 5.7843

Dri 0.6908 0.7765 0.9911 1.6946 2.3641 3.0589

-25.5

4 Cdata point
= Tidata point
Linear fit of C data point
Linear fit of Ti data point

-26.0

-26.5¢

InD

-27.01

-27.5¢

-28.01

9.5 10.0 10.5 11.0 11.5 12.0 125
TYx10* K?

K6 HTyBABST HORBERXAR
Fig.6 Relationship between atomic diffusion coefficient and
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Molecular Dynamics Simulation of Atomic Diffusion Behavior Between Diamond and
Titanium During Hot Pressing Process

Yuan Jiandong, Yu Aibing, Zou Pian, Zhao Shuo, Li Yi, Wu Qiliang
(School of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, China)

Abstract: The molecular dynamics method was used to simulate the atomic diffusion behavior between diamond and titanium during the
hot pressing diffusion process. The atomic diffusion process at the interface between diamond and titanium at different diffusion
temperatures was simulated, and the atomic concentration distribution, diffusion velocity and simulated diffusion coefficient of the
interface were obtained. The hot pressing diffusion method was used to coat a titanium layer on the diamond surface and the width of the
diffusion band at the interface was measured. The research results show that the diffusion speed of C atoms is greater than that of Ti atoms
during the diffusion process. With the increase of the diffusion temperature, there exist two stages of atom diffusion, low speed and fast
stages. Data fitting of the simulated diffusion coefficients through the molecular dynamics simulation of hot pressing diffusion can be used
to determine the diffusion factors and activation energy values of C and Ti atoms. Thus the calculation formula of atomic diffusion
coefficient can be determined through a simple and effective method. The calculated values of diffusion band width of diamond and
titanium are close to the measured values, which indicates that the formula of atom diffusion coefficient obtained by the molecular
dynamics method is feasible.
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