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Firstly, four different kinds of ions (Mo, Ti, Nb, Co) were implanted into TC4 substrates by metal vapor vacuum arc (MEVVA)

technology, respectively. Then, TiN/Ti coatings were deposited on these TC4 substrates by FCVA. The surface roughness,

surface morphology, phase structure, nano-hardness and elastic modulus of these TC4 substrates were characterized by aspheric

surface measuring instrument, SEM, AFM, XRD and nano-indenter. The adhesion strength of the coatings to TC4 substrates was

assessed by a scratch tester. The performance of sand erosion resistance of different samples was evaluated by the coating

erosion test platform. The adhesion strength and erosion resistance of TiN/Ti coatings were improved after Mo, Ti and Nb ion

implantation. Compared with the non-implanted coatings, the adhesion strength and the erosion resistance time of TiN/Ti

coatings implanted by Mo ion were 71 N and 80 min, which increased by 31.5% and 77.8%, respectively. The average erosion

rate of these coatings was 0.0078 mg/g, reduced by 39.5%. The adhesion strength of TiN/Ti coatings implanted with Co ion was

only 40 N and the average erosion rate was 0.0433 mg/g, increased by 19.0%, and the erosion resistance decreased significantly.

The sand erosion resistance of the ion implanted coatings is closely related to the adhesion strength. With the increase of the

adhesion strength, the average erosion rate of TiN/Ti coatings decreases, and erosion time increases. Therefore, appropriate ion

implantation can improve the erosion resistance of TiN/Ti coatings.
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Tab.1 Deposition process and parameters of TiN/Ti coatings

Steps Process I\rfloplizggign I(rrqu) Bﬁgt?(:ilos?c(rir?'szi/ Arc current/A Bias voltage/V (nljﬁ.f;()i?l) C)]/)clllé% 0 Time/min
1 Implantation 40 2
2 Adhesive layer 100 -200 0 86 12
3 Gradient layer 100 -200 0—20 86 10
4 Hard layer 100 -200 20 86 98
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Tab.2 Surface roughness of TC4 substrates
with ion implantation
pm

TC4 T-Mo T-Ti T-Nb T-Co

0.0183 0.0306 0.0255 0.0335 0.0480
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Fig.1 Surface morphology of TC4 substrates with ion implantation

BFEASERNG, EANE TS5
PRHEY Ti BT B e [ R A ) B R s AR, 5
A AR, R E E AR AR . AR R ST A
B R AR B 7 RSE A RN B2 e
FFEARER T, HEATCEME RN, 5T
V) B [ A, gt A K R AR B2 Mo e
F . Nb suE M FooR MRS =i, KRR e
Y124 0.145 nm, 1] Ti JTGE M Co JGEK 75 T4 1U A
Wi TV M VI %, 24255000 0.140 nm #
0.135 nm™, L FIARPFH Ti i1, PR
/INF) Co B T RIFER i) Ti B 1 T2 o5 11 37 A A e 2 e
T, | AR AT P A A IR AR o 3k R A AR R AR TT
Aef i TR L pTE RN, B TCA Kok mAURS
vE— 1K, AFM B 280 5 iR Rl — 3,

2.2 TCA E{EpMBLEH

& 2 W T AJE TC4 HiAR) XRD K%, TC4
AR FHEREHN M o-Ti 4L, B
TS 45 B-Ti AR, JURE T-Nb B T flct
) Nb (111), HARKEE TR BB 3o
A F R Ti B FIEREE A, HiEA®RT
M AL, BTN TCA RN IE A, i
FTEAN Nb Wi TR & iis 2 58, B Nb
B, S84 T Ta B FIE AR A A — 2.

WM a-Ti (101) M (260=40.39°) [y 4
& (FWHM ), #H LT TC4 24K FWHM {4 ( 0.399 ),
BT HEAJGK TC4 i FWHM 14 ET+ . &7
A TC4 FMHMWFE2%E (FWHM ) FE2BER T
/NI A AR 5 L A BROULRE J1 B4 e FHEAES 7

T-Co
Nb(111)
RIS T
S ; T-Ti
iy '
g
E J \JL T-Mo
B-Ti¢110)} -Ti(101)
-Ti(002)
o Ti(g0) } @-Ti(109) a-Ti(110) & Ti(103) a-TH201) TC4
30 40 50 60 70 80 90
20/(°)
a GAXRDA&I}%
0.6

FWHM/(°)

TC4 T-Mo T-Ti T-Nb T-Co
Samples

b a-Ti(101)ARTET I B 458

B2 BFiEAJG TC4 #4AMR XRD K%
Fig.2 XRD patterns of TC4 substrates with ion implantation:
(a) GAXRD patterns; (b) FWHM of the a-Ti (101) peaks in
the XRD patterns

5 B PN JU R LR SR T R AR S A
IO, AR RN AL, HOE T E AR R RY



- 188 - * wm #H R

20=40.3°fT S IGE K A= SEAb S, S5 3CHk[19]F FWHM
HAA L —3 ., Hodr, 3K T-Ti AiAE T-Co 1)
FWHM {i B E 8, 43913k F] 0.516 F1 0.501,
F I F R SF /M Co B F ISR R Y Ti B8 78 A [
SR RE BE B, 72 W A AR RS, O RR
T-Co ( 101 ) T ) FWHM {E3 KB . SCHR[3STIA M,
HEAMERERE FRMARIZINE, WTRES LMY
o XHFREE T-Ti, Ti B FEARGWAT Ti 0F
HERZNA, BFT Ti Mk IE R, &3
T anfb bk e, X SRR T-Ti XF R (101) A7 5t
g 5 5 e Ak 1) SR A o

2.3 TC4 EM&F TINTI mER 1R

B 3 SNBSS TIEAJG TC4A AR 240 KA s
Wi, NLUEH TC4 FEARMYKREERE N 4.37 GPa,
WPERTE N 116 GPa, AT E FEANG, HYKmE
JEE RN AR AT T AS TRV RR BE A BN i A R
2 R A BRSO R, B T AR R R
A gRERAL . AR AL RN SR AL R, AR EA
TRE B 2 1 1 A & AR P, R RIAPY, —e
B T A O B TS R A R A 5 38 R SRS,
P 155 5 1 HE B AE SR N B SOUR S #4 A OC
T 530 P R ) 8 v T B IO T A T A [ X S
R sRALVE N . HiRAE T-Mo 5ikFE T-Nb 44K
T B AR R N e 22, IARE T-Mo AYZHK A i 1A
F|T 5.42 GPa, #MHALEIAF]T 127.9 GPa, ¥ NiE
ANB i i ke T-Ti 90K B B2 5 im0
A 5.1 GPa, ik T-Co MySMEEIEN AL, HR
119.61 GPa. 455 YIHHAHT, HEIRIAFE T-Ti 1) kL4
IR, (AR IR S R R 2 5 8 AT B
& BB FIE B f A 6, MR B A (4N Co
Mo, Nb &F) b Ti &Fii&arssfefE T, i
A Ti B 738 i S AR B A R A v AR P A1
5 T-Mo 1 T-Nb ifAEAH e, R HEA Co B X HAR
51 Y R4 AL R S AR AR S B, {H T-Co F RS E
(B A B 34 O, LR AT B I 1K T T-Mo Ml T-Nb.,
SCHR[19142 B0, M8 T AWREERKRET, i 48 IR
AR T e AR R A & A Ak, T LR T TR ) R
FEAK. TRl SCHR[36]FR A, Y88 T A Mk BE ok KA,
ATRET R A Z B B, B AR PR R
ik o AFFHEA Mo Il Nb BT, T2/ Co
BT AE LRI B 1) 195 (R R 8 e 15 o B[] 3 A BB
HEFHET, EAZIERD Co B WA fg#
TiR LRI, SR E P SR, R TEAR
F R, SEEAZ R 2R, M REL T
FE T-Co By S MR 3URE T-Co B 25 A 2 THIR BE U8/ )N o

HP/E® B 7T LA Wb K B 98 1 A8 7 4
HY/EAE A, 6 W RHIE BT B T A T 19 fiE 1 a7
WIREA TN, B 4 B FHEAR TC4

2020 4E 7 A
8
[ Nano-hardness

7 [ Elasticic modulus 1 150
< 6 o
<1 o ] O
@2 B
] {100 2
< 3 g
=} Q
= 2
z {50 &

2 m

1

0 0

TC4 T-Mo T-Ti T-Nb T-Co
Samples
B3 BT IEAJR TCA BT 4 K B B AR AR at
Fig.3 Nano-hardness and elastic modulus of TC4 substrates
with ion implantation

12

H

,_.
(=)

i

——

HH

e
o0

(FPIE?)/(x102 GPa)
s o .
B [=))

——

o
N
T

0.0

TC4 T-Mo T-Ti T-Nb T-Co
Samples

Bl 4 BFHEAR TC4 3K HY/E (8
Fig.4 H*/E* value of TC4 substrates with ion implantation

SARE) HEP . MWE 4 TRIE 1, TC4 FEfRZ iy
B FIHEAJG, H/E* [EEE K, Hilk: T-Co 1)
HYEMERINE: K, F 1.06x1072 GPa, H ik Rt T-Nb
FRAE T-Mo i FE T-Ti B9 H/E* (HIS N #/, ly 0.84x
107 GPa, X581 A=A 09 k& S 5 A B Y &y
AAER, MAHWEAEF (W Co. Mo, Nb &+ )
o Ti B FrE s b EE R, HIEAB TS5 Ti &
TFHIZRBR, HiEASKY BP/E R, HKitis
PEARTE i 158

Bl 5 NEFIEAJG TIN/TI BENLSS . KiF
AW TIN/Ti RJZ NS G J1°8 54 N, B Tk Co-C 1)
54571 (40 N) FEET 25.9%, HA=METIEA
TiN/Ti WRJZ W EEA TR TR, F¢ 512 Mo-C W4
H 1 TUN, SN B K, 3K 31.5%. 7E4R E5R AL
R GRAL . 4R L S E PR B SR s i
AT I AR T R 1 A8 T AGRRE , HoE AR JE 44K
5k ZWAAERE T, WRE SRR S R,
SHZ P RE A 25 . 45 AR 1—4, REE T-Mo
(22 TR IR AR E X TC4 R A B s
PR, REE T-Mo 140 K B A g P A% I i K
H/E AR K., LGaKE, 4t Mo BTIEA TC4 i
T3 R B RCR By, MORFE Mo-C 454 J1 4R



F49% £

HIRAE . BFIEAN TC4 £K44 TIN/TL IR 2G5 4 1 Ao b 20 wh i M B 1 5% i) - 189 -

F oK IRAE Ti-C FHEKE Nb-C B3R AL RR . Mo 55
55, A5G IR EER/N, 5 Nb-C 45 &
H7E Mo, Ti. Nb =FE i, X+ Nb &
TN, R4S TC4 13 A Nb 15 Mo B T-IF 44K
FEIRZE 22 5 AR B W AR A A I ok 22 S 181 2),
Mo B FiEAJE, A T-Mo BYPIHH AR EEAZE , i Nb
BTG IR BT RO Nb (111) Fri A,

AFT Nb-C WRIZZA imfdm . B, T Nb
B, A Mo B FIRZE5 A 138 KRR Tk
o K Co-C MZEA IS HEA Co BT o
IRFRIA A A G, FEAR AR A SR BT X I I 45
F13E AR, AR Co-C WSS & 1 i FEAR
TR, M THM=FEAE T, HA Co BT
FESEAR P [ AR B e i, AR AR R AR U EE, (A LA
() BRI ZEAMIMER ATV E R T, JE IR SR AL i
BARMIIRIZE 5 kAT FFREMRTE , Bk Co-C
MIE5 G 1A, X5 SCHER[38]MBIFIT 45 R — 5.

80 71
70 |
60
gSO-
7§4O-
%30-
<9t
10 +

0

No-C  Mo-C Ti-C Nb-C Co-C
Samples

Els BFIEAR TINTORZME &
Fig.5 Adhesionstrength of TiN/Ti coatingswith ion implanta-
tion

2.4 TiN/Ti & E B Hu fd 4 gE
TEARTRIAY 25 F R X TiN/Ti 3R 2 HEATRD 2R whishis
5, SRARZ R E A SRS & Tk, ok
TIF5E U 2 B PERE RN AR RECERAE o SR iR o o i ] 15 3734
JR AR RO O RO PR R 2 BT b i i L 24
I 200 RO H AR T, MR R T & 5sk, Ha
R [R] SA 122 0 J2 (A T o el et ) 181 6 SR TR B PR
TiN/Ti VR )2 19 BRGS0 28 P2 i 45 06 %, mT LA
F i, ik No-C BTt wh il 8] A4 45 min, bR i
H3 90 g, RBUFEBLEET 1.78 mg, ik Co-C
BT i s (1A R 15 min, R RIR BE S 66.7%. Hifth
B EEAN TIN/TL VR J2 i ik isf (] 25 AS ) 2 B 1Y)
BN Hodr 3R FE Mo-C A4 wh it st ] 35 %) T 80 min,
ERFE No-C #HIIRE T 77.8%; Ti-C i REAY i ik st
[ 70 min, SiXFE No-C HHIARE T 55.6%; ikt
Nb-C (i pp it [ 35 2] T 55 min, 5i{A No-C A
FoL B8 T 22.2%, 8] 6b R TR B A S TiN/Ti

W2 WS s iR o KRR No-C A9 -F- 2 s inh %4
0.0198 mg/g, &AE Co-C YT upiR N 0.0433 mg/g,
5 No-CiREEFHHL, 9K 19.0%, HAE THEARIGE
JEN = SR R (N 1 1 (3 o S| i e o
IR Mo-C P34 il 2 i Ik, Uk 0.0078 mg/g,
HAEE No-C 1 39.5%.,

AN FPR S URE B 45 6 00 F1F- 2 o il 33 00 45
e 7 Fis, B8 TEFEAR TINT RZENTY
WSS ME R, B, REWMB RS

2.0
—=—No-C
—Q—MoéC
o 1.6 f ——Ti-
g —v— Nb-C
@ ——Co-C
o 12F
3
g
.g 0.8
5 -~
=] Samples Time/min Dose/g
E04r No-C 45 %0
8} Mo-C 80 160
Ti-C 70 140
Nb-C 55 110
0.0 Co-C 15 30
0 20 40 60 80 100 120 140 160 180
Dose/g
a BHUREHI%
0.05
- 0.0433
® 004t
)
&
2 003F
-
o
2
g 0.02
g 0
[
&
2 001
>
<
0.00
No-C Mo-C Ti-C Nb-C Co-C
Samples
b PR

Bl 6 BFEAX TIN/TI V2 w45 i 52
Fig.6 Influence of ion implantation on erosion damage of TiN/
Ti coatings: (a)cumulative mass loss; (b) average erosion rate

0.05
Co-C A Without ion implantation
fn —— = With ion implantation
- 0.04F
o0
)
2 i
5 0.03
g
'z No-C
g 0.02} —
& Nb-C
8 001} ———
g
< ) A Mo-C
Ti-C
0.00 1 1 1 1
40 50 60 70 80
Adhesion strength/N

K7 BTIEAJE TINTR)ZFH iR 5558 R
Fig.7 Average erosion rate and adhesion strength of TiN/Ti
coatings with ion implantation



£ 190 - * wm #H R

2020 4 7 H

4541, Mo, Ti. Nb =F &1 A TIN/Ti &
JE4EA TR TR EE No-C, I HLBi & 454 s K,
TiN/Ti VR )2 B35 it el T it st (B) 380, it
e vl REIE R . JKFE Co-C IS A 1 e ATRE
No-C /h, HAPHubR iR ey, WAk, RIZMP
i REREAIC

2.5 TiN/Ti &= i 4545 4L

WERAERSET, BFEANE TIN/TI )2 RS ik
KSR 8 Fim. 54 5 AR E FEAGEEM
gEE KON, BB IR AR B AR 5 IR 2SS A&

d Nb-C (55 min)

R, G5O, RN RREE AN, RE
BT A TIN/T R JZFERD 2 shimh T 52 K 19 R
7% (1 8a), MK Mo-C AR = Az i wh i e 45 /N H.
SR, RS IRIZRIEE A IR, I A el ik A
E 3G T, S 25 ik 20808 (8] 8b ); iR Ti-C Al Nb-C
B Pt A RS, (EL ok DX 4R i B B IH &
FEORTE W B ORI PR 5 & R R sk (& 8. d);
IRFE Co-C Wyt vk (] e i, 4°h 15 min, H7E b
ot DI B A SR, P iR B R IR AR, X 5k
BHEA N RIEA X (B 8e), B FIEAN ARSI
TiN/Ti WRIZ W EEA T1, SEm L m R 2 T i v 58

e Co-C (15 min)

E 8 BFEARE TIN/TI W20 il 51
Fig.8 Erosion morphology of TiN/Ti coatings with ion implantation
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