Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

SRR RTINS AT EEARTINGE

RKER BOR R RFM KMe kF BREE EFH MTAF RMER-F

Thick yet tough TiN coatings deposited by filter cathode vacuum arc technology

Zhang Zhi-Qiang LiaoBin  OuYi-Xiang Zhang Feng-Shou Zhang Xu  Shen Yong-Qing  Chen Shu-
Nian Hua Qing-Song  He Guang-Yu  Ouyang Xiao-Ping

5] Fi{% B Citation: Acta Physica Sinica, 69, 108103 (2020) DOI: 10.7498/aps.69.20200036

TEZL L View online: https:/doi.org/10.7498/aps.69.20200036

MHANZE View table of contents: http://wulixb.iphy.ac.cn

LT RGN HA SO

Articles you may be interested in

ST I H AR TIALCN/TIAIN/TIAVE A5 VK 25 b S0 JBE R 2R
Corrosion and Tribological Properties of TIAICN/TiAIN/TiAlcomposite system deposited by magneticfliter cathode vacuum

arctechnique

WIFEE4. 2020, 69(10): 107202 https://doi.org/10.7498/aps.69.20200012

B3 TR Ni/HFOX/ TiNBHAS A7 fiff BTG RH AR R P PR SE
Influneces of different oxygen partial pressures on switching properties of Ni/HfOx/TiN resistive switching devices

P4 2018, 67(5): 057301 https://doi.org/10.7498/aps.67.20172194

JE 78 S B P T PR L B B B ST
Numerical research of selectively photoionization in thick atom vapor medium

PB4, 2018, 67(8): 083202  htips://doi.org/10.7498/aps.67.20172340

FLASIIE S5 F GaAs G B i 7 R S i
The electron emission characteristics of GaAs photocathode with vacuum—channel structure

YIBR2A 4. 2020, 69(10): 108501  hitps:/doi.org/10.7498/aps.69.20191893

keVEEREHLTELALL Tiy Zr. W. AuGEEHURFAEXSHL )™ 55 8 AR
Studies on characteristic X-ray yields and cross sections of thick targets of Al, Ti, Zr, W and Au induced by keV electron impact

PIHRAAR AR S5 R 2 hitpsi//doi.org/10.7498/aps.69.20200264


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200036
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200012
https://doi.org/10.7498/aps.67.20172194
https://doi.org/10.7498/aps.67.20172340
https://doi.org/10.7498/aps.69.20191893
https://doi.org/10.7498/aps.69.20200264

#) 32 2 3R Acta Phys. Sin. Vol. 69, No. 10 (2020) 108103
Tl HEEFREAR

2L\ N == S = ° N — *
TR E = A H FERF TiN R E
KERDVY  BERVIY RFAMY O KFRYVD OKEVD hAKFVY

RV EFRVD O FAOEFEY BB
1) (AL RF R SHORZBE, JEa 100875)
2) (dbrErigmsgtul, JE3T 100875)

3) (BETRERE, FETRNFFELALRE, A% 710038)

(2020 4E 1 H 6 HURE; 2020 4 4 A 18 HUgEHEH)

e ity R A% 2% A 1) 1 BRGT R 6 5 AR B AL AL I e B 4P U 2 5 1 T ARk v 1 R R SR, LA R HLD,
[vi) 0 AL 235 45 7 vy LT e e %) 0 2 e oA SR A ity MR 8 R B R AV A TR )2 AR SOR FH A st 10 9 A0 L 28 9
HARTE 3040 NGB LT FiTh it AR TR BB TiN B8 5% 2, H R Al b 7 WS . X ST i S &
SHURZBIE SR SR PEREIEAT T A 5T, SEUR S SRR VIR R ) X TN W 2 64T R 4001 b s pE S 5%
dr AbH ) BEAZ SCEL TIN K AoRi il B AR IR 2 N RE ST, il TiN %2 SC B 224 K, W2 AR 0] 15 51 50 pum,
POBUGHRZIT 0.2 pm /ming [7) B 38 1 N, S0 8 A28 4 iR e i 3B k2831 i TiN,, £ TiN W2 BA —E hH)
PE. Hil 45 0 TIN IR 2R TR AR )2, 8 f s B i = 40 1 AT 35 2] 38.24 11 386.53 GPa; TiN IR ZHI 4 A
RAF, FRIR TR 95 A0 A2 m 2480, W 2 0 B E A B s TIN WRJZ 09 H/E* 0 H? / E** {8 5 v] 35 ] 0.0989 Fl

0.3742; JE H WA TiN B 5ok 2 2 00 00 R O T s 1, PRE 88 R SRR 0.26.

KA B, JEE R TIN B2, &1k,

PACS: 81.05.-t, 52.77—j, 68.35.bd, 68.35.Rh

1 5 =

TN BRJZBA R B | 15 P 0T g i ot
(ORF L, B0 2 MR T HURDT N | A T B A
23 UL T A U3, JE SRR TR R B R B R
B R R IR ARSI, TiN IR JZ Tl T2
A, SRR, 5 TSP TOF LU AR
JERYE S — St RAF AR 22 B . FERR AR
KENHURTHLES T A R TR TIN 3%, BEf
P i A AT EE SR A0 SR I PR R, AR MR K i
R R A P 2 i 10, (ELIEE ) A S AL 2R
AW i, ImFe i A i IRBEEREE H B 2 A0k

DOI: 10.7498/aps.69.20200036

PUNEYER o ST Wiy 570 Ly N AL A U T
&R SN TR &5 N AR R G E D
BRI IRZ R B BAR, BAERZ SRR &4k
Gy B . B BRIG, TR IZ R TR ARSI
WATEF T 5 KA MatE g sk -1, G5 £, |8
TR IZ AR IR | T S PR R, RERSAE RURH Lk
R 2 T FLRZ R AR e (-1 geAh,
Wr S R 1 2 TR P A B R —, 4
SRVRZ B WT 2L R P R TR R I T S, R 2
R P g 114091,

HAT, il & 2 ALY U2 00 25 205 B s Ik
S0 2R 1| W e BRI A B R DR 18
LA SARDORL 19 25 YIS AHDURL (PVD) il %%

*OTRAR S GUET A&TR (JEE S 2019 B090909002) ., [E KB KT I (HEHES: 2017-VII-0012-0107) FiE FiRHE E AL

FEI4 JHEES: 614220207011802) ¥ AR,
t BIE1EHE . E-mail: liaobingz@126.com
©2020 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

108103-1


http://doi.org/10.7498/aps.69.20200036
mailto:liaobingz@126.com
mailto:liaobingz@126.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 69, No. 10 (2020) 108103

(1) R 22 B0 T 5 B ) Ak 2= B AN DL E HL AL T Ak )
FI B RE R, B AN A, BRI TRy
A, TR SRR T 20 pm 022 A2 SARTI
H(CVD) il & 2 n s SR, ELfAS 19 IR 2 [F
FEFEAE P3N ) %88 55 1 ) 3 2324, Tushar Banerjee
A K e g 2 D S 5 T RE B2 Dy 23 GPa Y
WS, 7% TIN IR )Z2, (HIR)Z NN ] @ e 2, 178
JEEAEE S i AT LW B8 HL ) WS, #84% TiN #%
F. Ou S5E555 TRAIR T W42 U S AR Dk v B R 45 0
SRR s LT £ T RE BB CrN /SN, AR
2, HGZEEA 7.4 pm, BRI THRIZ TR H
1 291,

R, & BRI & — il 2 H R E
T IR AR R R RS, U H O T AR
FHEA AR 58 . R iR B A B8 1A TR
e T B A INEOR A R A 07 ik, HAT LB
R DU T by BE A G s 2027, it
B4 RS A A0 3o 8 A5 2 R b 8 R L A
AIURE, (] 25 IR RA 5 A 2 BRI i %
AR T LR R 2529 R DR IR A S A TR

F R AR e a0 o R 2 B AR R 1 i | IR |

TS i RO | AR I St o 23 ARG O e 25 SIS B0 T
IR A A A o TR R VR . R D B
SR AR AR 2 ek —, (A E A G
T 3o 8 B AR N &5 B - A T R R il & TS HL )
TiN %2 HGE R, Hik= 56 ol &8 1 &5
JE T 20 pm 19 TIN R T 25

e 3o U B A5 B AR DUAR B AR il 4 )= HL 1)
TiN WRJZ W OCHE T, EIRZ KRR, BT
W2, B IR AR R ZEDTR G A vl
o FIE ] I R 5 T R R AR A, TR ks
H AR R J7, R ] Ny Sl R AR, 4
BRR SE I PE RE R g B AR AL 243 A TN, A
M SZER 2 B RS A KRNI, KTk, A SCHI
T 3oL 8 B AR A B AR R TE 304 LR EE AN ALK
FIESPURT TIN )2 (BE 5 50 pm), JfXt
JE TiN WRJZ R 124 RE | BEMR AR REEA T T RAE.

2.1 iREHE

P 1 Sy ik DE B A B TR TR I A s T
. Rl DB AR IR A 8 A i 2 AN LS

= RERL G | SSRAR LB R R e A | PR fR A
FAMRALZEL . HUBCR 570 T AR AL 028 R GE ]
FUAFEWE S ZUEME 10 % Pa B HEAH AT
AR P B S8 S E A 5 ISRl 1 e . BRARAL
TESECSONAE T B AR AE 25 A

BHKRGE

P R I B T AU R R
Fig. 1. The schematic diagram of FCVAD system.
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Fig. 2. Schematic diagram of preparation process of thick

TiNcoating.
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Fig. 3. The evolution of thickness of TiN coatings with de-

position time.
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Fig. 4. (a) XRD patterns of all of the TiN coatings with dif-
ferent deposition time; (b) the grain size of all of the TiN
coatings with different deposition time; (¢) XRD patterns of
TiN-125 coating.
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Fig. 5. XPS spectta of N 1s of TiN-125 coating.

FFF 77 BRI 2 I R DB, A DL
FHB ALY TIN ¥R 2 9 2 B A0 BORLRE B2 an (%] 6 i
7N, KA XA 1 pm x 1 pm. TiN-210 Fl TiN-
270 ¥ )2 19 L B B2 AH W], O 10.5 nm. TiN-125,
TiN-150 Fl TiN-190 1% JZ2HRE B34 /NF 10 nm, 43
W1 6.37, 6.68 1 9.64 nm. 42 By ITTAR I )R
FELRE B . DA A [T 150 min J5, IRZMTL
FRHUR B IR, IR 2 R I ROk B R4 3 £
KRBk L. BiE TiN 2R, RZEE
T P AR AL SR B 8, KRGH ARk 2, B )
AT IE A KA, WHRR ST T RREE K I R
R, AR R 2 AR RS BE . X R R AT 35 pm
MY LR)Z, (5 BE B 5% TR K S i/ FH s 53
T Y, TiN-210 F1 TiN-270 74 )2 AHLRE 4 TAHR).

TiN &2 T SEM HiEanE 7 s, 78
FR S TIN R )2 Z MAAAE Ti b )2, R4
% 5 um (TiN-125), 12 pm (TiN-150), 12 pm

108103-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 10 (2020)

108103

B 6 AR UURE A T A TiN %2 (0 AFM &l B 55 1 MRS &
(f) ASTF] TiN 2% 04 35 RS B2

HUBERE /nm

(a)

(b)

L (f)

C

5 . . . . .
TiN-125 TiN-150 TiN-190 TiN-210 TiN-270
Fed

125 min; (b) 150 min; (c) 190 min; (d) 210 min; (e) 270 min;

Fig. 6. The AFM and roughness of all of the TiN coatings with different deposition time: (a) 125 min; (b) 150 min; (¢) 190 min;

(d) 210 min; (e) 270 min; (f) roughness of all of the TiN coatings.
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B 7 ORFEIPUEE R TiN )2 SEM B4 (a) 125 min; (b) 150 min; (¢) 190 min; (d) 210 min; (e) 270 min;
Fig. 7. Cross-sectional SEM micrographsof TiN coatings with different deposition time: (a) 125 min; (b) 150 min; (c) 190 min;

(d) 210 min; (e) 270 min.
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Fig. 8. Hardness and elastic modulus of TiN coatings with

different depositiontime.
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Fig. 9. H/E* and H3/E*2 value of TiN coatings with dif-

ferent deposition time.
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Fig. 10. SEM images of HRC indents of different TiN coatings. (a) TiN-125; (b) TiN-150; (c¢) TiN-190; (d) TiN-210; (e) TiN-270.
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Fig. 11. Theevolutionofinternalstress of TiN coatings with

different deposition time.
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Fig. 13. SurfacewearmorphologyofdifferentTiNcoatings.
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SPECIAL TOPIC — Carrying ion beam technology

Thick yet tough TiN coatings deposited by filter
cathode vacuum arc technology”
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Abstract

There are some high requirements for mechanical property to protective coatings of turbojet engine
compressor blades as the appearance of extreme service conditions. The hard coating with high toughness, good
adhesion, good wear resistance and excellent load carrying capacity is a potential coating for extreme service
conditions in the future. Thick yet tough TiN hard coatings were successfully deposited on 304L stainless steel
substrates by magnetic filtered cathodic vacuum arc technology. The morphology, structure and properties of
the coatings were studied by SEM and XRD, etc.The results show that the continuous growth of TiN coatings
attributed to periodic high energy ion bombardment which can suppress the large grain size and reduce the
internal stress. The thickness of TiN coating can reach to 50 pm and the deposition rate was close to 0.2
pm/min. At the same time, the stable non stoichiometric TiNgg can be formed by controlling the constant N,
flow rate, which can improve the toughness of TiN coatings. All TiN ciatings belong to superhard coating and
the max value of hardness and modulus of elasticity were 38.24 GPa and 386.53 GPa respectively. TiN coatings
have good adhesion and excellent toughness.The highest H/E* and H?3/E*? rate of TiN coating can reach to
0.0989 and 0.3742. Thick yet tough TiN hard coatings have excellent wear resistance with the lowest friction
coefficient of 0.26.

Keywords: compressor blades, thick yet tough TiN coatings, ion bombardment, wear resistance
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