F4a1E H M KA
2018 4F- 8 SURFACE TECHNOLOGY <113 -

R B K & Bl f iR R T 4 00 i 25 B S A A

&, FIRE, BIEA, Kok, NPT, K
CIREERIAS HURSHNTRYE, T8 FKIE 454000)

W OE. B¥ AFRMEKRLN B 4B ( Microcrystalline diamond film, MCD film ) #=%h K & R & % B
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Fabrication and Cutting Performance of Micro- and Nano-crystalline
Diamond Coated Spade Drills
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ABSTRACT: The work aims to study microstructure and surface quality of microcrystalline diamond film (MCD film) and
NCD film (nanocrystalline diamond film), as well as cutting performance of MCD and NCD coated spade drills made from
MCD and NCD films in cutting carbon fiber reinforced plastics (CFRP). The method of HFCVD was used to deposit MCD and
NCD films on the surface of cemented carbide spade drills. Scanning electron microscope (SEM) was applied to observe surface

and cross-sectional morphology of as-deposited diamond films, white-light interferometry was adopted to measure surface
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roughness of the films, Raman spectroscopy was used to assess structural components of the films, X-ray diffractometer (XRD)

was used to characterize crystal structure and crystal orientation of the films, and cutting experiment was performed to investi-

gate cutting performance of uncoated tool as well as as-deposited MCD and NCD coated tool. The two kinds of films were

evenly coated with diamond grains on the tool, both films were 8 pm thick, and crystal orientations were mainly in direction

(111) and (220). The diamond grains of MCD film displayed pyramid structures with sharp edges and corners, the average grain

size was about 2~3 pm. MCD film contained angular grains, and average grain size was 2~3 pm; and NCD film had a smoother

surface, and average grain size was about 100 nm. Surface roughness value Ra of the MCD and NCD films in measured areas

was 0.4 pm and 0.24 pm, respectively. Under the same cutting conditions, the uncoated tool reached rejection standardand could

not be used any more after drilling 30 holes. After drilling 50 holes, MCD and NCD coated tools sustained the maximum abra-

sion loss of 0.192 mm and 0.093 mm, respectively on the flank, and none of them exceeded dullness standard VB=0.2 mm

(width of flank wear land). The NCD coated tool exhibited the best wear resistance.The MCD and NCD films, especially NCD

film, can effectively improve wear resistance of carbide cutting tools and extend service lives of the tools.
KEY WORDS: HFCVD; MCD film; NCD film; spade drill; cutting performance
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R A 22 A2 SR DR IR A0 B 0 4 4 Jo 1)

i ORI AR OR [ 8 4 WG R, 20 31 A ok & WA
(MCD) KSR A (NCD) @B, #hezii
R R H s OV E A 1R, Wb, MRS
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I 7 2 T 0 o 5 i T SR P R Bl P A8 A P 9 a0
ITHALBE . 55 —25, #£ Murakami %AW (10 g
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TR )V 2B 2 R A BRI ) Co, BFIR) A 60 s,
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Fig.1 Hot filament chemical vapor deposition (HFCVD) apparatus (a) and vacuum reaction chamber (b)
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Tab.1 Deposition process parameters of MCD

and NCD films
Growth Growth
Parameters Nuclqatlon period I ‘(for period I'I .(for
period depositing  depositing
MCD film) NCD film)
Acetone/H/AT g0 00010 5020000 50/250/250
flow/(mL-min™")
Reaction
pressure/kPa 1.8 33 1.8
Bias current/A 3.0 2.0 2.0
Deposition time/h 0.5 4 7

1.2 REWRIE

K H HZ HIROX (¥EHL ) 24 /A2 77 1) SH-4000M
I HL 5% ( Scanning electron microscope, SEM ),
WL 4 I 7 A %) 3 T RIVRSE AR T T SRR AIE 45138 P
TER HAORE SE #EUF TR, s K20 20 kV,
G I T B ) A R v ) PR 2 D010 D 9 384 (S
ZE W 752\ F) 45 72 1Y Talysurf CC16000 % 1156 T3

FM Y ( White-light interferometry ) 60 i 5% 1)
MCD #l NCD )RR B, H4 7 h 4
i, WS ZH LA R B (0 V- SAELAE Shy wi FEE 1% 2% TDAEL RS
JE{E . RHEE Horiba Jobin Yvon 23 R4 =AY Lab-
RAM HR800 A4 2 i 4% ( Raman spectroscopy ) K
I 4 WA R R 4540 1oy, B s BT EOE A
Wot, HEK N 632.8 nm. FIHEETGE % AXS 2
H A7) DSADVANCE 1 X S ATHHY ( X-Ray
Diffraction, XRD ) il e J5 (1) & 44 285 44 1 &7 1T B ) o

1.3 $hAIKIE

Je¥ )2 71 2 \MCD F1 NCD % )2 7] EL AR ]38 56
FEVEBRES — MR A= By 3r =0 Tt (VMC-850 )
AT, o TG A 50~8000 r/min,
FHITER 11 kW, FHEHEE R 1~10 000 mm/min,
P17 AT UIH o B TRk w27 4 3 50 &
#4 %} ( Carbon fiber reinforced polymer plastic, CFRP ),
T 2T 2 386 580 52 A5 1 RE 32 B A A RS 1 LA R 0 11 S 6
SO ZR 20 T ELA 0 R A7 DL B oK 5 0 T S 4t it
SeiTAL, BUBEIFRME VB=0.2 mm, %] H 4B A
NEVEFRR VHX-2000 #8500 = 4k W s e ) 2
Je Y BB . A, T LA B IR S R i =
A 0 B ISR

x2 BAHIEERESMHEZNMEHFEURIHISH
Tab.2 Main material properties and drilling parameter sof CFRP

. . . . Laying angel Fiber volume Spindle speed Feed rate
Base material Reinforcing material 1) fraction/% ) (r-min’l) / (mm~r’1)
Epoxy resin T700 +45. 0. 90. 0 60+5 6000 0.02
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Fig.2 Surface morphology of MCD and NCD coated tools

MCD F1 NCD ¥ )2 i B Aij 71 1o FIUEE # 19 SEM
ESRIE 3 Fin. MWE 3a iTLALEH, %t 4 h (3%

c NCD®)Z & JJ

g, MCD B 4 NI Sk KNS 50, B fa 4y
B, SRR R ST 2~3 um, AHAR S RLZ )71
BRES . WE 3b nTLLE 1, BEA MCD K
JERERZ) N 8 um, XFF NCD Wi, £mhirL
JUSF 8 /N A0 K 4 I SREZE B, 33X 8 R A SE B R
TR T b S I A [ = T 53 T T N
100 nm, W& 3c fims. SEACR A REZEA AT i £ 2
R TAE A S R, SRA SRR RS
TR, 1 3d Hh NCD WL 7 h B
K, BEEWBH 8 um,

FHEDE TV R 4 O MCD Fil NCD
14) ¢ TR RS B R AT AR D, HAE AL 910 pmx
910 um, PFPENIA IR 3D B UK 4 iR, M
4 Af LA, NCD % R 18 AH X T MCD 3%
[T )1y v g s O % VAR ) | 11 NG WA b3 B
AT S R, HIKEHR 6.5 um, MCD #% 5
WLAHER Ra [E43714 0.4222, 0.2084, 0.4102,
0.2128., 0.7464 um, NCD [ 5 L H Y Ra fH 5
B4 0.2019, 0.1125. 0.2961. 0.3027. 0.2878 pm,
A3 S AR SS R ME, 15 3] MCD Wi Y 2
THLBE FE (. Ra=0.4 pnm, NCD I 2 DHURE 2 1
Ra=0.24 pm, MZEHMLEE LB LIAH, NCD
TR ) e DHLRE BT /N, R NDEI .

d NCD%:JZ i & A

3 MCD FIl NCD 72 i i i ) 1fi A #(1 SEM ]
Fig.3 SEM images of rake face and cross section on MCD and NCD coated spade drills
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Fig.4 3D Surface morphology of as-deposited MCD (a) and NCD (b) films
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Fig.5 Raman spectrum of as-deposited MCD and NCD films
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Fig.6 XRD patterns of MCD film (a) and NCD film (b)
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Fig.7 Wear of main cutting edge and flank of uncoated spade drill after drilling 30 holes and coated spade drills after drilling 50 holes
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Fig.8 Wear curves of flanks of uncoated,
MCD and NCD coated spade drills
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