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Abstract: Surface graphitization behavior of diamond reduces the machining difficulty of diamond materials, thus, re-
search on the factors that induce graphitization of diamond is expected to provide new clues for the technological innovation
and development of diamond processing methods. The induction mechanism of laser parameters and stress on diamond graph-
itization is summarized. Laser induced graphitization mainly refers to the heating induction of short pulse laser during dia-
mond processing, that is, the short pulse laser leads to a sharp raise of temperature, breaks the carbon-carbon bonds of dia-
mond and reconnects them to form graphite structure. In addition, laser energy density, pulse width, number of pulses, la-
ser power and laser pulse repetition frequency are related to each other during laser processing, which together affect the
process of diamond graphitization. Stress induction mainly refers to polishing or indentation process, by increasing the pres-

sure to change the bond length and bond angle of the
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um, cobalt, nickel, platinum, and titanium have catalytic
effects on the graphitization phase transition of diamond,
which are mainly manifested as: the unpaired electrons in
the metal valence layer structure pair with the electrons on

the diamond surface to form a chemical bond to further re-
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improve the processing efficiency in the processing of diamond materials and improve the surface properties of diamond mate-

rials according to the characteristics of graphitization.

Key words: diamond; graphitization; laser induction; stress induction; metal catalytic induction

=
i

BHI HA AT SE R WA Bl gk,
EEIFIERR | IR 1 TERE, MEA R K
JRERT S SRS DUA P SR RE, AR LR il 3 & 6 )
B TSR R B S O el A M R RS O Y 3 B A
R ITAESR A NI BN T ik S A v e Ot b i
AL 45, 2P R0, FExsein Tod
i, SNIARE S A RS TN, R L
M 7N T AR A RICR Y A BRI AR A R R AR
B sp’ Z4fLBEAE SN FERBE RO SE I T AR W, T A A
B sp” ZefbBp AR L A BN A ML A M A AR K
HIARE, AR, SRS, SRAERS
DU SRR R AR T & B A B RE, PR gk —
P Z2a Syl A R 05175 B o o S W 5 = Y A= S 2 (1 'S
BERIERIN T B A7k TR RXE, Bk, 2Rk
A B — AR R A R, R EEAR KR B i
BRMTTZ,

SRIA R AR SR E 2ol it b 8Ok BT
BBE(TEM) FHE52 ' B SN E | B FHLE K
A BRI ) et A L o Sy iR A SR AR M A, L
Xof A B 2R AN 5 M i Tl SR A LR L o AN B, AR
ok, E AN T R v 4 WA B A SR AR AR AR TN
PEAT TR RIS, T8 LIRSS A EFXHEOE I T 4
WA 3 A 2 O T 20 S 00 B8 A 5% i L R o
VoS BB M B, BT 4 I 4 Y6 P 458 5k A ANl
KR R Y ) B A WA sp® B T 24 HL B ) A B
DA KA 52 56 v 4 e A A0 R0 7 4 WA A S A 7R 4
LA R . OBt R 75 5 IR 2 DL R LB A4 F 9 0k
TTRGERILER, FERIA A I T H A G B AR
HEHIE 2%

2 HEFARBESERIARENL

FERBETE T e AT I x4 A A R KR
TR, R T mREETENA R AR Bk —
ANEFEEZE, 1996 4, Alessandro 2515 F 85— i
T8 15T IR IE T A NIATE 2500 K A2 A 43 R A
At BT LU TS, il T AR O i) B IR AE T AE
e 6 A R T A0 R ) A A i, Lot K
GERMY, AP EOCTE 4 NI AN T B rh AR A B
ARG . DLW 5 AOE T2 S 800 A A4k

&
Jm

s LA OG5 T A s A SO ATL 3R A% B 58 T T R T
ZRiR

2.1 BRIZSENERARELHNEMN

2,11 BAREZEENIA

WCRE IR % (laser fluence, F)fRKARE W T 4
NIE A SR, BOthimp R AR AE — A~ be i 3 (i ( abla-
tion threshold, F, ), BISZIUAREBe 2 bR 0 /N OGfE
W, R Y E T ORI TS A WA 3R T 5
JERJEEE T A AR YRR W R i T A AR R AR
Komlenok %) i 1 ST U6GTIE B 1 {I% 34O B 2 %% 1 ( F<F,)
A, N TR I ok v e 0 s b R, BV A [R) P9 IR
REHE 2 BB 20 (ROK 20 ) iy A sk i, (H
HLAH 4 WA IR AS 2 T 9k RE R AHAE, BIAERL T
gkAaEM, B, —J7m, AR A2 ko IR
BT, L Pk R EE AR AR 6 TR I R B0
HK, HEN WO K S i B L R LURZ S A B
ARGFG B AR SR IN, SEWTE A B 5 — v,
T4 NG EARRE &2 % B MO IRGT T Bl e 2k,
BRI PK v, LB ik b B A% B RIS, TR R
Fik bR i 2 22 2 9O RE B R R A e ok
(F>F, ) B, P kb pr 2A i R it 2 LUBUR kg 9
(A HL P BRAE B ety (75 A% T B 7R A% 6 B [B] PN T il 2
ARFHENRE, B9 a8RENERSERD,
BEAN,  H A ST L WO R B2 Sl A LA 107
F5120, R R A B 3O BE BN R B W 2B B £
SBLRIL, FEON TR IR IR L S, A
FEPE PR S Ak, KRB S A R B T i BA
1E 2003 A BIRFSE Y o 2 A T i O fE B R R R
SN AR HABEMTAS, BT ERELEE
Mouhamadali %5 > ¥ 3#0OGRE R 0 % B M 4.9, 15,
35.8 #1150 J -em ™, XfALZASAHVIR(CVD) 4 WA 47
TRRIBOGRER % B AR BO R ISR E, R ILOGLRE
WL 15 ) -em™ DUTA, BOGSOME X R )2 25025
T R S5 AR R A B s T Ak 22 35 N0 8 1 28 I &%
A SR RIERE /N, 7E50 T -em™ BRHERSES, W1
N, WIET Rk,

AL, NEEOGRE % RN ar, A SRk # A
WOCHR BT iRk — BLAE ST, FURXTIN TG A 88402 8
EAEW, 52, SEOLtRERENRIRELSS B
FEWAT WL A SR AL . Komlenok 45 fi F Z ROk R
GEUEAT T R SCE, & B e i B (E 3 2 O G e X



538 Fh BB

541 %

BOTREDRSE | BN DR BE /)N, b8 ot ) Bt /)N, T

WO DR EE A — M = (1) ~2(3) 7
l=max{l,, L} (1)
L=t 2)

a
L=Xr)" -1, (3)

K, 1L 4, L RBOCHGE W XIREE, o MO
FEX NP RHAY HUREL, v RO 9E B (pulse du-
ration) , L, IR EE . B 245 5 A4 ik 3 (B OB Tk
A G, BIE(4) .

Fo~r (4)

£ EHMELERSHAIRD, AREEEETEN N IREATERSH. G2 ERENE AN R ENZR
Table 1 Effects of different laser fluence on the depth of amorphous carbon, graphite, crystalline diamond and heat affected zone on ma-

chined surface in the nanosecond laser irradiating diamond experiment!2’]

Fluence/(J -cm™2) Amorphous C/nm Graphite/nm Crystalline diamond/nm Heat affected zone/nm Cracks
4.9 150~320 250~ 600 0 150~800 Yes
15.0 0 600~ 650 0 600~ 650 Yes
35.8 0 0~430 130~360 0~560 No
50 0 0 200~250 200~250 No
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Fig. 1 Variation of the ablation threshold with effective laser pulse number- >
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Table 2

Influence of the main laser processing parameters on diamond graphitization

Laser parameters

Effects on graphitization of diamond

Related expressions

F<ablation threshold (F,)
Laser fluence (F)

F=ablation threshold (F,)

7<10 fs

Thickness of graphite layer (d,)

increases with the increase of F'

d, decreases with the increase of F

d, is determined by the absorption coefficient («,)

of the graphite-like phase, independent with 7

Pulse duration (7)

=10 fs

d, is determined by both of 7 and thermal diffusion

coefficient (X,) of the graphite-like phase

Pulse number (N) F, decreases with the increase

of the effective pulse number N

Laser power, laser repetition rate (f) and the beam waist radius of the

Laser power (P)

Scanning speed

laser spot (@) jointly determines the laser energy density (F)

Pulse number N increases with the decrease of the laser scanning speed

Latent graphitization

Macro-graphitization

d,~0.7(X,7)"?

N<124  F,, drops sharply
N>486 F, drops slowly
2P
F = 5
S maw,
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Fig. 4  Schematic of a diamond grit edge piles up an amorphous carbon particle (a) and the process of amorphization of carbon atoms on the

crystal surface(b) [47]
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Fig. 5 Schematic of arrangements of carbon atoms undergoing mechanical force on the topmost surface of diamond in mechanical polishing
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Fig. 7 Schematic of carbon diffusion through the diamond grain boundaries mechanism under the effect of Ni catalysisugJ : (a) initial configura-

tion, (b) heating up to 1600 K for 50 ps indicates segregation of Ni atoms through the grain boundary, (c¢) at 100 ps one nickel atom dif-

fuses all the way down to the bottom of diamond, (d) more Ni atoms segregate at 200 ps and top layer of diamond starts to graphitize, (e)

indicates the formation of graphitic layer on top of nickel, and (f) top view depicts the formation of graphene rings. Carbon atoms are repre-

sented by dark grey color, while nickel atoms by dark orange color
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Fig. 8 Schematic diagram of carbon atom movement in diamond
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