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Influences of Deposition Temperature on Microstructure and Properties of CrB, Coatings

ZHANG Shu-can'?, LI Xiao-wei', WANG Li', ZHANG Dong', KE Pei-ling', LI Zhi-yong®, WANG Ai-ying'
(la. Key Laboratory of Marine Materials and Related Technologies, 1b. Zhejiang Key Laboratory of Marine Materials
and Protective Technologies. Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences,

Ningbo 315201, Zhejiang; 2. College of Materials Science and Engineering, North University of China, Taiyuan 030051)

Abstract: In order to investigate the influence of deposition temperature on microstructure and properties of CrB, coat-
ings. The CrB, coatings were deposited by DC magnetron sputtering technique. The microstructure and properties were
mainly analyzed by XPS, XRD, SPM, SEM, HRTEM, nano-indentation and Vickers indentation tester. The results
show that all the deposited CrB, coatings consist of CrB,and a small amount of free Cr. The coating has a dense columnar
structure with an average column diameter of 7 nm extending along the film growth direction throughout the thickness of
the coating. With increasing deposition temperature, the degree of crystallization of the coating is improved and the tex-
ture changes from random orientation mixed with (101) and (001) plane to (001) preferred orientation. The microstruc-
ture evolves from the fibrous structure to the columnar structure and becomes denser and finer. Meanwhile, the mechani-
cal properties of the coating are improved high. When the deposition temperature is 400 ‘C, the coating acquires the high-
est hardness of (50.7 4 2) GPa and the elasticity modulus of (513.6 #+ 10) GPa, respectively. The evolution of the ori-
entation, microstructure and mechanical properties are attributed to the enhanced surface adatom mobility with increasing
as the deposition temperature.

Keywords: deposition temperature; CrB, coating; microstructure; hardness; toughness
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Fig. 1 Schematic diagram of the deposition system
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Table 1 Deposition parameters for the CrB, coatings
Parameters Value

Sputtering power / W 183

Argon pressure / Pa 0.28

Deposition time / min 180

Substrate bias voltage / V —100

Substrate temperature / C 100, 200, 300, 400

1.2 RESHHMRMERERIE
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Fig. 2 XPS spectra of the CrB, coatings deposited at different deposition temperatures
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Fig. 3 XRD patterns of the CrB, coatings at different

deposition temperatures
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Fig.5 SPM morphologies of the CrB, coatings deposited at different deposition temperatures
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Fig. 7 Cross section morphologies of the CrB, coatings deposited at different deposition temperatures



74 2 @B Xk B LT B 2016 4
60 540 0.105
-m- Hardness
55T -m- Elastic modulus 1510 0.100 F —
50 @
£ 45 taso 3 0.095
= =
n L = N -
g 40 1450 g = 0.090
g Bp . — - 0.085
el {1420 &
— 0.080}
251 1390
1 1 1 1 1 1 1 0.075 | 1 1 1 1 1 1
50 100 150 200 250 300 350 400 450 50 100 150 200 250 300 350 400 450

DURLR EEAE 300 CAHI400 CHY,3RA% T RE1Y
CrB, WJZ(H> 40 GPa), EEJF N T 45 0. —
10 CrB, IR J2A B IR S5 1 e 2 IR 2 AR B i+
7 Cr 3 i JE AR 5 Y — 48 WoIR Sh 40 S (93 2
FUAAR & AR RE BE 5 55— J5 1 B4 (b) Fha] DA

Deposition temperature / “C

(a) Hardness and elastic modules
B8 ANRITURUELEE T il # ¥ CeB, 20988 #E (HD Bt & (E) f H/E
Fig. 8 Hardness (H), elastic modulus (E) and H/E of the CrB, coatings deposited at various temperatures

(a) 100 C

SHm

(¢)300 C

Deposition temperature / “C
(b)YH/E

WL TR JE R A BUR AR HER S, B e K
7 15 527 B AN VR 2 AT 3 7 B AR T BRI % 52
BEL » DT o 4 22 L AT AR e o B

B9 A [ ot AR B R LE B B A R
EHl 4 B CrB IR 2 7E 2. 94N T A 4 1% IR

1O v

(b) 200 'C

S

110) o

(d) 400 C

B9 AFEYUBGEEE T # % 1) CrB, ¥RZ4E KRR SEMJEH

Fig. 9 SEM morphologies of the Vickers indents of the CrB, coatings deposited at various temperatures



2

KRS 5 DURLRE X CrB, W 2451 5 M 58 1 5 iy 75

SEM JES. M H RIS S - £ 100,200 F1400 C
ATLRBR L T i 45 19 CrB, TR JZ 19 R IRTE S0 1
B 1) 01 17) 280, R WU J2 A B 1 M1 s 9%
1 PUBR D 300 C i B il 4 Y CrB, ¥ )2 IR
TES A2 1m) R B, HBA B 1) 2L, R B
WRERABESBEME. i T H/E R/ RRRZER
W2 HAEBOCR WITR 2 R . RO
XD AE R RRZ AR (Ko

meeaf) (F) o

Horp, o il 50 3 %, 0. 0165 E Jfy 58 1 A% 44
MPa; H Jfifi i, MPa; P 2 FEJR 487 » Ny ¢ S 42 1]
MO, m*Y,

ML 8Ch) Hr T W ¢ 3, 2 PLAR IR B2 g 100 C
K| 400 CHf, H/E 53058 K 38 I 5 v/ 1)
B I3 L IR 20X N ) T 2B A KNS5 )
J91.16,1.23,2. 41 F1 1. 22 MPa » m"?, Horf , 751
FURBE Ry 300 CHE . H/E 5 F| 5 KAH 0. 1, Wi 24 )
PER/NH 2. 41 MPa « m"?, % i 2 A B 1)
P 5 A AE BT R 2 A B L Ak S TR DLC ¥R
JZ(1.57 MPa » m"?) Ak SAH PR (CVD) SiC ¥
J2(0.78 MPa « m"*) FI4E & 7R3 5% CVD R1H 11
ne~TiN/Si, N & 2 (1.3 ~ 2.4 MPa » m"*)P!,
CrB, WRIZMEIPEIR S T8 7K. X —45 21 [m]
FEMRERE T 9 4 QR IR 280 8L FLAE

TURRIE BE BRI (100 C 1 200 C) o W Fff J5E -+
POHLRE 755 TURRTE AR S & 2k L9 Hlae 71 . m
FY 52 B8 0 Y S ) U 2 BB R 22 TE IR T O T
A ) T MY R, PV 2% YT B KT
300 C I, W B S5t 55 704 B TR 2 BB 20 L S
i 32 S L Lin S5 A — 2 & i i JE & A 7T L
T S e, AR & - AR S 5 SR - SR
S AR b B SR AT RE L DTARIREE S 300 C R
Ak dt - AR S A 2 U B B BT

3 & it

(D) R B W WA SRl #6 7 CrB, 3k
JZ . DU FEAE 100 ~400 'C 28 Ak i, BT il 45 A9
CrB, WwJE¥h CeB, MR Cr . RZE#
TP B O . ORLRE R IR B/ R £ 1L 11 ~
1. 95 nmZZJa] .

(2) CrB, i )2 B AT 808 B9 9 K AR S5 4, 0L
HARRAN 7 nm, HUTEA KT 0 HFBANRZ

.

(3) Bl DURRIRLEE (9 T 55 o U 2 1 o AR BB 1)
(101 FICO0 1) YT G HBC 1) 328 ¥ A 75 A (OO 1) AR HX
] o LR 2 B0U% AR B, HtR S A Ak .

(4) VRIZ I g2 1 Al BE TOB L BE 9 T v i
FROM BUTEUR A F] 300 CHEL R )Z HA R
A s ORI BE A 3 400 CHEL IR 2 HA i
F14) BEE 2 R B v T SRR P AR L 43 1) D (50. 7 = 2) GPa
F1(513.6 £ 10) GPa,

Sk

[1] KIESSLING R. The borides of some transition elements
[J1. Acta Chemica Scandinavica, 1950, 4(2): 209-227.

[2] IVANOVSKII A L. Mechanical and electronic properties of
diborides of transition 3d - 5d metals from first princi-
ples: toward search of novel ultra—incompressible and su-
perhard materials [ ] ], Progress in Materials Science.,
2012, 57(1). 184-228.

[3] CUIXL,WUYY, GAOT, et al. Influence of prepara-
tion temperature on morphology evolution and growth
mechanism of CrB, in Al-Cr—B alloys[J]. Materials Let-
ters, 2014, 118(3): 176-179.

[4] JORDAN LR, BETTS A J, DAHMK L, et al. Corrosion
and passivation mechanism of chromium diboride coatings
on stainless steel[ J]. Corrosion Science, 2005, 47 (5):
1085-1096.

[5] NEDFORS N, PRIMETZHOFER D, WANG L P, et al.
Characterization of magnetron sputtered Cr-B and Cr-B-C
thin films for electrical contact applications[J]. Surface &
Coatings Technology, 2015, 266 167-176.

[6] DAHM K L, JORDAN L R, DEARNLEY P A, et al.
Magnetron sputter deposition of chromium diboride coat-
ings[J]. Surface &. Coatings Technology. 1998, 108(98) .
413-418.

[7] AUDRONIS M, KELLY P J. ARNELL R D, et al. The
structure and properties of chromium diboride coatings de-
posited by pulsed magnetron sputtering of powder targets
[J7]. Surface &. Coatings Technology, 2005, 200(5/6):
1366-1371.

[8] CHOI HS, PARK B, LEE ] J, et al. CrB; coatings depos-
ited by inductively coupled plasma assisted DC magnetron
sputtering[ ] ]. Surface & Coatings Technology, 2007, 202
(4/5/6/7): 982-986.

[9] MOULDER J F, STICKLE W F, SOBOL P E, et al,
Handbook of X —ray photoelectron spectroscopy: a refer-
ence book of standard spectra for identification and inter-
pretation of XPS data[ M. Eden Prairie; Perkin — Elmer
Corporation, 1992.

[10] PELLEG J, SADE G, SINDER M, et al. Compositional
and structural changes in TiB, films induced by bias, in si-

tu and post—deposition annealing, respectively[ J]. Physica



76 2 B Xk W L 2 2016 4

B, 2006, 381(1).: 118-127. els[J]. Thin Solid Films, 1998, 317(1/2): 27-33.

[11] KAJIKAWA Y. NODA S, KOMIYAMA H. Comprehen- [17] GROVENOR C R M, HENTZELL H T G, SMITH D A.
sive perspective on the mechanism of preferred orientation The development of grain structure during growth of me-
in reactive—sputter—deposited nitrides[ J]. Journal of Vacu- tallic films[J]. Acta Metallurgica, 1984, 32(5); 773-781.
um Science and Technology A, 2003, 21(6): 1943-1954. [18] MESSIER R, GIRI A P, ROY R A. Revised structure

[12] ZHANG T F, GAN B, PARK S, et al. Influence of nega- zone model for thin film physical structure[J]. Journal of
tive bias voltage and deposition temperature on microstruc- Vacuum Science and Technology A, 1984, 2 (2): 500
ture and properties of superhard TiB; coatings deposited by -503.
high power impulse magnetron sputtering[J]. Surface & [19] MRF, . SREEOR SRR M. Jea. X
Coatings Technology, 2014, 253(9): 115-122. FH MUkE, 2011,

[13] AUDRONIS M, KELLY P J, LEYLAND A, et al. A TIAN M B, LI Z C. The technology and materials of films
TEM study of the structure of magnetron sputtered chro- [M]. Beijing: Tsinghua University Press, 2011 (in Chi-
mium diboride coatings[J]. Journal of Physics: Conference nese).

Series, 2006, 26(26): 355-358. [20] LIU Y M, JIANG C L, PEI Z L, et al. Microstructure and

[14] MAYRHOFER P H, MITTERER C. Self - organized properties of AlB;~type WB; thin films deposited by direct—
nanocolumnar structure in superhard TiB, thin films[]J]. current magnetron sputtering [ J ]. Surface &. Coatings
Applied Physics Letters, 2005, 86(86): 1-3. Technology, 2014, 245(5) . 108-116.

[15] THORNTON J A. High rate thick film growth[J]. Annu- [21] Bt £ 7. e NIA B R M. dbat. B2
al Review of Materials Research, 2003, 7(4): 239-260. H kL, 2012,

[16] BARNA P B, ADAMIK M. Fundamental structure forming XUE QJ, WANG L P. Diamond-like carbon film material
phenomena of polycrystalline films and the structure zone mod- [M]. Beijing: Science Press, 2012 (in Chinese).

(ST 48 . sH )

B e T S e & e 2 S e e £ e & e o 3 e 8 S L X e & S L o ¥ S & e 2 & L A 2 2 2 & S & e Lo LS S s S S B s 2 £ 2

o« KT -
RR ik &= R

AR e R LRI [ 25 ALk ) 25 0k S T[] P9 A 2 W ) S0 000 38 BB 4 1 Al » B 2007
AR  FL 1) A ) B 30 1 10 O DL AR il » TG — i 22 5 HLAS 95 B B % 1] A0 e H A 15 38 VR AT SR 19 R AR W)
B, A RAE T BN I 88 QR SCEMERUE LR ) 3208 ST 2 IR R ATAL B A5 B
P 45 12 AL (R 5 0 2 7 s RSO S5 UM A 4 1 53 9 16T P 4 1 45 7 ) 5 EL B2 A b TR 5 400 70 O e 3 B
-5 (COAD BEATTF ORI A S A PG SO0 U T2 HESE ) » & v [ 30 1) 07 e ™ X0 3 ) 9
Wb T R0 e 2R P 25 P A B L R 5 SO R IR L i ET Compendex, 58 [8 (L2
SCA ) A8 W (ST 2 7 ) A5 [ 0B 128 W s s PLABEAS T 53 P 1 4 40 A [ 3 o ) 4% 2 47 11 R i 92
PAE BT . R IF— 2 T K — U SR 2 35 A AU T (R 20

EEMOFAT AR

AT VR AT AR B 2 AR ) Ol RO WL 2% J5 AL A v [l 0 R K 2 80 B a2 7 il b LA AR D X
S A2 R AT AN B R4 AR AS T A S0 A3 1) AR T 5 S B A O ) 7 o I 2 R T Ot
REO HL T2 AT R . BT A A P G A i A AR A A 2

( r R 2 AT R ) S e
2016 42 1 A





