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Effect of high temperature diffusion chromizing pretreatment of
W18Cr4V high-speed steel on growth of diamond films by HFCVD

WEI Qiu-ping"?, WANG Yu-yan', CHEN Zhong', LIU Pei-zhi', YU Zhi-min'

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Diamond films were grown on high-speed steel substrates by hot filament chemical vapour deposition
(HFCVD) method. A chromium carbide coating prepared by high temperature diffusion chromizing pretreatment was
used as an intermediate layer on the steel substrates to minimize the early formation of graphite and to enhance the
diamond film adhesion. The characteristics of the chromizing pretreated high-speed steel and the diamond films were
analyzed by X-ray diffractometer (XRD), field emission scanning electron microscope (FE-SEM), micro-Raman
spectroscope and Rockwell hardness indentation to investigate the effects of chromizing pretreatment on the morphology,
structure and adhesion of the substrate and diamond films. The results show that chromizing high speed steel results in
the formation of a Cr-rich layer on the substrate surface, which leads to a much improved nucleation density, and
formation of smooth, dense, good quality diamond films, but the thermal stress of diamond films is large, Rockwell
indentation testing with 1 471N shows serious damage, implying that the adhesion of these films is not good enough.
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Table 1 Experimental parameters used for diamond film deposition on steel substrates

Specimen No Substrate style Filament-substrate Substrate Volume ratio of Deposition  Deposition
P ' b Y distance/mm temperature/ C CH, to H, pressure/kPa  time/min
D, High-speed steel 7+1 720 £ 30 1:99 3.0 300
D, Chromized high-speed steel 6+1 800 + 30 1:49 3.0 180
D, Diamond coated chromized 741 720 + 30 (1-2):99 20 150

high-speed steel
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Fig.2 Cross-section SEM morphology (c) and EDS analysis of W18Cr4V substrate (a), (b), Fe-Cr interdifussion layer (d) and

Cr-rich layer (e) chromizing high-speed steel
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Cross-section distance/pm Section
Fe w Cr \%
B3 mdiNiE Cr B S#RIM I G % EDS &g R Fig.2(a) 85.83 7.76 5.09 1.32
Fig.3 EDS analysis of elements on cross-section of steel Fig.2(b) 47.81 39.28 6.43 6.48
substrate after chromizing pretreatment: (a) Substrate; (b) Fig.2(d) 41.37 4.54 51.76 2.33
Fe-Cr interdiffusion layer; (c) Cr-rich layer Fig.2(e) 6.88 0.59 91.98 0.55
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Fig.4 SEM images of diamond films deposited on substrates of W18Cr4V high-speed steel ((a), (b)) and W18CrdV steel after
chromizing pretreatment ((c)—(h)) ((c) —(e) and (f)—(h) are respectively selected from specimens D, and Dj)
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Fig.5 SEM images of cross-section of specimen D; of diamond films deposited on chromized steel: (a) Lower magnification;

(b) Higher magnification
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Fig.6 Raman spectra of different zones of diamond film D,

deposited on chromized steel substrate

73, AL S FAARZ AR RO AR N T, 38
WIS FEAR S A nm R BRI . AN, H T s A X T
P R A R T A, L R AR
e TN A AR SR A N B PO, IR
W TG BERE AR ke ™ A I i K AR T, 4R
FE IR B2 IR G KRB D)7, Al s
TR, L i Ah AR K R AN R AL, B

(@)

| | 1 1
800 1000 1200 1400 1600 1800
Raman shift/cm™!

(b)

| | | 1
800 1000 1200 1400 1600 1800
Raman shift/cm™!

©

1 1 1 |
800 1000 1200 1400 1600 1800
Raman shift/cm™

7 BN Ds AN XK Raman S i
Fig.7 Raman spectra of different zones of diamond film D;

deposited on chromized steel substrate

TV T KT AP 5 5 9 P o 2R B A
o Db, R WC-Co BT < L UTRRIN
<A PR A T PRGN, ¥ LU I 3875 b A £
RIS PRS0, JUNGK 458 TSR A R TR 3
A8 T R RIS TS S WA v B EE A T
HIREI, DA AERURROIN e R rh S AR (R P 5 2
R T, XA 7 1) SRR T EOARR IRE



1630 A G R

2011 £ 7 H

b e 8,
B8 WA Dy fEARHAT R IR SEM
Fig.8 SEM images of Rockwell indentation for diamond
films under different loads: (a) 306 N; (b) 588 N; (c) 1 471 N

3 Zig

p=}

1) WI1SCrdV i Ai7E 1 000 CiHimiB it Husb
30 min 5, ERZEE—ZBURNBERZE, BE%E
SR A EAA T Fe-Cr By HUZFIRANZ W 56 24

2) &% W18CraV 4 HFCVD JiA Gl
WG, BEEIA R A A A, R RO
JAFK Fe-Cr-C AHHAL A & ik Fe-Cr-C AH.

3) WISCrdV (RN i858 A # )5 , 4 WA T s
TR B W e R . AR B R i
WREE N3 T8y B, B4R
VERL T

4) IR AT A 306 N I, AR A KA K THIAA
s BTN, JBORPERGUX AR s MK Ik
JEIRBATIEE] 1447 NI, R VR ™ 5

REFERENCES

[1] ASHFOLD M N R, MAY P W, REGO C A, EVERITT N M.
Thin film diamond by chemical vapour deposition methods [J].
Chemical Society Reviews, 1994, 23(1): 21-30.

[2] BACHMANN P K. Diamond thin film technology. [ : Diamond
deposition [J]. Advanced Materials, 1990, 2(4): 195-199.

[3] NETO V F, SHOKUHFAR T, OLIVEIRA M S A, GRCIO J,
ALI N. Polycrystalline diamond coatings on steel substrates [J].
Int J Nanomanufacturing, 2008, 2(1/2): 99—-115.

[4] JENTSCH H G, ROSENBAUER G, ROSIWAL S M, SINGER
R F. Graphite interlayer formation during CVD diamond coating
of iron base alloys: The analogy to metal dusting [J]. Advanced
Engineering Materials, 2000, 2(6): 369—-374.

[5] POLINI R, MATTEI G, VALLE R, CASADEI F. Raman
spectroscopy characterization of diamond films on steel
substrates with titanium carbide arc-plated interlayer [J]. Thin
Solid Films, 2006, 515(3): 1011-1016.

[6] FAYER A, GLOZMAN O, HOFFMAN A. Deposition of
continuous and well adhering diamond films on steel [J]. Appl
Phys Lett, 1995, 67(16): 2299-2301.

[77 LIH, GOWRI M, SCHENNER J J, van ENCKEVORT W J P,
KACSICH T, TER MEULEN J J. Bias enhanced diamond
nucleation on Mo and CrN coated stainless steel substrates in a
HFCVD reactor [J]. Diamond and Related Materials, 2007,
16(11): 1918-1923.

[8] BUIINSTERS J G, SHANKAR P, van ENCKEVORT W J P,
SCHERMER J J, TER MEULEN J J. The adhesion of
hot-filament CVD diamond films on AISI type 316 austenitic
stainless steel [J]. Diamond and Related Materials, 2004, 13(4/8):
848-857.

[97 SCHWARZ S, ROSIWAL S M, MUSAYEV Y, SINGER R E.
High temperature diffusion chromizing as a successful method
for CVD-diamond coating of steel: Part II [J]. Diamond and
Related Materials, 2003, 12(3/7): 701-706.

[10] HAUBNER R, LUX B. Diamond deposition on steel substrates
using intermediate [J]. International Journal of Refractory Metals
and Hard Materials, 2006, 24(5): 380—386.

[11] BAREISS J C, HACKL G, POPOVSKA N, ROSIWAL S M,
SINGER R F. CVD diamond coating of steel on a CVD-TiBN
interlayer [J]. Surface and Coatings Technology, 2006, 201(3/4):



F21EE T

BT, 4%

W18CrdV i AN 4R HAL I X HFCVD 4 NI A A (1) 5% i)

1631

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

718-723.

SILVA FJ G, FERNANDES AJ S, COSTA F M, BAPTISTA A
P M, PEREIRA E. A new interlayer approach for CVD diamond
coating of steel substrates [J]. Diamond and Related Materials,
2004, 13(4/8): 828—833.

SILVA FJ G, FERNANDES AJ S, COSTA F M, BAPTISTA A
P M, PEREIRA E. Unstressed PACVD diamond films on steel
pre-coated with a composite multilayer [J]. Surface and Coatings
Technology, 2005, 191(1): 102—107.

ZHANG H X, JIANG Y B, YANG S Z, LIN Z, FENG K A.
Diamond growth on steel substrates with AI-N interlayer
produced by high power plasma streams [J]. Thin Solid Films,
1999, 349(1/2): 162—-164.

SCHWARZ S, MUSAYEV Y, ROSIWAL S M, SCHAUFLER
C, SINGER R F, MEERKAMM H. High temperature diffusion
chromizing as a successful method for CVD-diamond coating of
steel [J]. Diamond and Related Materials, 2002, 11(3/6):
757-762.

KELLERMANN K, BAREI C, ROSIWAL S M, SINGER R F.
Well adherent diamond coatings on steel
Advanced Engineering Materials, 2008, 10(7): 657—660.
BAREIB C, PERLE M, ROSIWAL S M, SINGER R F.

substrates [J].

Diamond coating of steel at high temperatures in hot filament
chemical vapour deposition (HFCVD) employing chromium
interlayers [J]. Diamond and Related Materials, 2006, 15(4/8):
754-760.

NETO V F, VAZ R, ALI N, OLIVEIRA M S A, GRACIO J.
Diamond coatings on 3D structured steel [J]. Diamond and
Related Materials, 2008, 17(7/10): 1424—1428.

GOWRI M, LI H, KACSICH T, SCHERMER J J, van
ENCKEVORT W J P, ter MEULEN 1] J. Critical parameters in
hot filament chemical vapor deposition of diamond films on tool
steel substrates with CrN interlayers[J]. Surface and Coating
Technology, 2007, 201(8): 4601-4608.

BUIINSTERS J G, SHANKAR P, FLEISCHER W, van
ENCKEVORT W J P, SCHERMER J J, TER MEULENA J J.
CVD diamond deposition on steel using arc-plated chromium
nitride interlayers [J]. Diamond and Related Materials, 2002,
11(3/6): 536—544.

GLOZMAN O, BERNER A, SHECHTMAN D, HOFFMAN A.
Influence of Cr-N interlayer properties on the initial stages of
CVD diamond growth on steel substrates [J]. Diamond and
Related Materials, 1998, 7(2/5): 597-602.

GLOZMAN O, HOFFMAN A. Adhesion improvement of
diamond films on steel substrate using chromium nitride
interlayers [J]. Diamond and Related Materials, 1997, 6(5/7):
796—801.

BACE, REW, L F, BER, &R, XEE, H AL
YG6 A5 Er b B BRI T G WA R S e D). o
[¥ 2 1fi T2, 2006, 19(6): 29-34.

[24]

[25]

[26]

[27]

(28]

[29]

WEI Qiu-ping, YU Zi-ming, MA Li, HU De-yin, LI Yuan, LIU
Wang-ping, XIAO He. Effect of substrate temperature on
diamond film on boronized WC-6%Co substrate [J]. China
Surface Engineering, 2006, 19(6): 29-34.

B, £ R, &G, Boksh, S OF, i B
XL CVD il G BE R [0]. o i TR, 2000,
22(6): 36-41.

WEI Qiu-ping, WANG Ling, YU Zi-ming, CHEN Yong-qin,
MA Li, LONG Hang-yu. Effect of reacting gas admission way
on HFCVD diamond films [J]. China Surface Engineering, 2009,
22(6): 36-41.

RALCHENKO V G, SMOLIN A A, PEREVERZEV V G,
OBRAZTSOVA E D, KOROTOUSHENKO K G, KONOV V I,
LAKHOTKIN Y V, LOUBNIN E N. Diamond deposition on
steel with CVD tungsten intermediate layer [J]. Diamond and
Related Materials, 1995, 4(5/6): 754-758.

NEMANICH R J, GLASS J T, LUCOVSKY G, SHRODER R E.
Raman scattering characterization of carbon bonding in diamond
and diamond-like thin films [J]. Journal of Vacuum Science and
Technology A, 1988, 6(3): 1783—-1787.

FERRARI A C, ROBERTSON J. Origin of the 1 150 c¢cm™'
Raman mode in nanocrystalline diamond [J]. Physical Review B,
2001, 63(12): 121405.

WEIL Q P, YUZ M, ASHFOLD M N R, YE J, MA L. Synthesis
of micro- or nano-crystalline diamond films on WC-Co
substrates with various pretreatments by hot filament chemical
vapor deposition [J]. Applied Surface Science, 2010, 256(13):
4357-4364.

BT, &REW, SO, W, AR, R, X E
YG13 Hfifb Ak 25 GO 0 <B4 SR s (7], b A
4@ 24, 2007, 17(5): 775—782.

WEI Qiu-ping, YU Zi-ming, MA Li, YOU Xiao-long, FENG Jie,
WU Xiao-bin, LIU Wang-ping. Effect of ambient pressure on
diamond films on boronized WC-13%Co substrates [J]. The
Chinese Journal of Nonferrous Metals, 2007, 17(5): 775-782.
B, REW, D OH, B #L XEE, ORI AR
R 5 B ORR S WA R A S R[], R TR € e B 2
2008, 18(6): 1070—1081.

WEI Qiu-ping, YU Zi-min, MA Li, YANG Li, LIU Wang-ping,
XIAO He. Effects of chemical surface pretreatments on diamond
coatings on cemented tungsten carbide substrate[J]. The Chinese
Journal of Nonferrous Metals, 2008, 18(6): 1070—1081.

JUNGK J M, MICHAEL J R, PRASAD S V. The role of
substrate plasticity on the tribological behavior of diamond-like
nanocomposite coatings[J]. Acta Materialia, 2008, 56(9):

1956-1966.

(RiE FRITE)



