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Experimental Study on NiCr-3 Coating on Titanium Alloy Surface by
Electro-Spark Deposition (ESD)

LIU Yu, WANG Tianshu, SU Quanning, MA Fujian, YANG Dapeng, ZHANG Shengfang
(Dalian Jiaotong University, Dalian 116028, China)

[ABSTRACT] Titanium alloys have limited development due to their low surface hardness and poor wear resistance.
The surface modification treatment of electro-spark deposition (ESD) can improve the working performance of the titanium
alloy. In this paper, a strengthening coating was prepared on the surface of titanium alloy with NiCr—3 as electrode. The
effects of ESD process parameters on the surface roughness, surface morphology and thickness of the coating are analyzed.
The change rule of microstructure of the coating under different process conditions is analyzed. The results show that
with the increase of specific deposition time, the coating thickness first increases and then decreases, and the best specific
deposition time is 4min/cm’. With the increase of deposition frequency, the number of surface cracks decreases. With the
increase of deposition voltage, deposition frequency and specific deposition time, the hardness of coating increases and
finally tends to be stable. The obtained coatings are reaction coatings formed by the reaction of Ti element and NiCr—3
electrode in the matrix. The main components of the coatings are phases of Ni;Ti, Ni,Ti, Cr,Ti and Cr, o;Ti, ;.
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Fig.1 Schematic diagram of EDM equipment and principle
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Table 1 Test scheme

- 8 UUERI[R] /
Jig | PR v LB Mz HUTRRTE]
(mln *cm )
30, 40, 50, 60,
. 70, 80, 90 350 .
150, 200, 250, 300,
2 e 350, 400, 450 2
3 50 350 1,2,3,4,5,6

Fz2 NiCr-3 BHRHKD(FREHNE)

Table 2 Composition of NiCr-3 electrode (mass fraction) %

Ni Cr Co Nb+Ta Mo Fe Ti

ARt 20.24 2.92 2.45 1.60 1.36 0.39
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Fig.2 Surface morphology of coatings at different voltages
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Fig.3 Surface morphology of coating at different frequencies
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Fig.4 Surface morphology of coatings with different specific deposition time
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Fig.6 Effect of deposition frequency on surface roughness of coating

FAPHLRE ES, /um

10

S BRI TUURR NS S PR A g [ AT

P 7 R AST) e TR RS ) X6 4% J2 2 v FEURE J 52 i) iy
2, L UURRINHE] A ITmin/em® JURRIR 2 R mPHLEE BE S, A
12.428um, FCICRRE ] 6min/em® BT FR 14 2 2 THIDHLRS
FE S, A 30.546um. MR 7 BN, FEUTRR I E] Tmin/em’
%) 2 T RELRES B35 F5 /N, L DORRIS ) e, O RR Uk 2 3% 1T KL
REREERA o Bl LU DURR A [R] A38 0, 2 AEDRE B 348 1)
BB



PN
RESEARCH mﬂrﬁx

HEI OB B[] A AR AR N T A DX R TR
) RTS8 T, B AR A AP R DX 358 P 45 B Ay T AR L T
FRUREE N, DR BEAE Jo 50 DX M S s s 2 6 T P52
ANEEYS) AR 2 2 DRDRE B AR, JORURE B i i PR A
VRSN AEZ S N 271 DS
23 IZSHEHREEERNZMm

L K AE DR A B AR B 4 TR 2 TR B —
FEAE 0.1mm LA, PR R 4 4 F 0 X0 0 U2 A DR
AT, WAl 8 iz o HedRaE (R 0 U 2 Gk T B4 5 0
a0, M 10 A BRI 9 52, SRIBCTSAE B AT
FUORZ AR

F & 8 AT L, U J2 5 BE AR (B) A7 AE B S 1 5 DX 3k,
X AR, A2 ESTER T MR T
F AR — 8 WAL DAL B, 1A 5 J2 S B R Y
RS2 O B R B ROT R Y B
R Ea A M. Tl EXELOREE, — LA 5

B9 (a) A ARTEURHL HXT LR J2 5 B il s i il 28
UGS SR, Bt DU LR (R 18 K, Uk 2 1) J52 B 5

1

15+

FAPHLREES, /um

10

0 1 23 4 5 6 7
LU )/ (min - em™)
BE7 CRARE RN R R R EAAE AR

Fig.7 Effect of specific deposition time on surface roughness of coating

25um

8 REFEER
Fig.8 Coating interface morphology

B0, AR S TR A R ) — AR R, DR 2 R
JEE R TN AR /N 2 A TR o OB R 30~70V B,
O AR J2 110 JEE 32 488 o 132 BH S 18, el 1. Tpm PRt
Jn%E) 59.8um, YUALE KA 70~90V BRI 2 AY R
BRI, R Z R RN E 66um.

HOC L R 2 H A TR IR] K AR TR A RE B 1
HL R AR AL 10, S5 RS 3 TR R i A2 £
WIZIEEREZ . i B R 70V R, B bk e L
I B AR P RMA TR T B G AR B, 30 e
BRI, V)2 B BE RGN 22 AOREBE I F e 1) A8 Ak
2 S IR e R R I 5 DR B N i

9 (b)) AT X U 2 5 B 1 5 i il 2%, DT
BUS A% 150Hz MR IZ IR R 7.3um, DB LA %
450Hz 1R 2R F) 42um, At ml L, BE & DURR A
KB, DURZ A RE B s, 76 B AL DTRUH A
e —E BIEOUT B s AR AT AR KU 2 0 R

TIOR8 Jomn B 547 0 P e U5 PN 08 P 25 FE I H
B U ESCHG T, SAA7 ] PN AR RA RHI T 1 U 54 T, 2
AN PR S8 v, a0 38 T v ) AR ST R T
TRIZIEEE R WORE R BT, o] DoE P
DU A B UURRRLCR

9 (¢ ) FAS[A] HL ORI ) Xof i 2 V52 B %) 5% iy
£, AT LA Y, U DURRE ) #E 0 4min/em® 25, 1R 2R
FEFFUG T R Ui BHUTRRZ 5 B Bl L DO A (8] B4 348 Jin
T3 0, LS BE B A A B, i — 2 B ORI
DUBR 2 0 SR B B 25t BRI ) i 4

LU RR ST (B 85 0 28 R 2 BN DX 3 A 8 (T RR s i) 3
Jomn, Bt 25 s 160) B 388 0, 2 B 1) T2 i A E A A R A
RN, FEMRABITTRR I R 2 0 fe2E
JEFAUBE M B A AT & AR AR, M5 RS B T AR
YR B — g w i DR Z T iR 22 . Bl DT
FEHSF (] Fy 358 i, UCRRUR) AR T H AN W7 4 A sl iy AP
TR Z A2 7 32 RIS HI i R I 78 R R AR R
R HT o #% 57 RIS AT R B AR IR 2 A RHT IR
SHVE , 075 10 AT EE T DT 52 e OB 2 JEE B i AR 4k
Ty — 7 1 B DURRR [R) A SE K, U 2 B oy B AR Ak
FEIZ I A 30 A AR A AL B4, TRV R B 2R 7
DUR LA A5 DURRZ PR A 38 0 5 PRI U HE AR T
FUZ R T A BT, %R AT REBEPE G 3E 1Y FL TR
Fsf ]
24 ITESHMREEENZIE

P T HL K AETURUG TE B T 2 4, R e 2%
SRR, SR R A Bk R IR E R, R 2
TR J B AR 2 26 T 10 AN AS [ o7 B e {1, 5
Wt 25 R HCE Y EVE M DURZ R . & 10 (a) AR

20224F 5658 5] - BiatilliEEA 109



‘_‘i. N »
mﬁblﬁx RESEARCH

70 ;
ol §/§
50| /
El :
B 40F /
i
ﬁ 30 /}
20+ /}
0L ¢
20 40 60 80 100
DU RV
(a) PR R
45 ¢ ;
40 |
351 {////
£ 30f }/
=
W 251 {/
K
& 15} /
10 | /////}
st S
100 200 300 200 500
ORI R Hz
b) PIEUIR
45 -

N e
v

30
25+

20 {

15+

URIZEEE /um

10 1 1 1 1 1 1 J
0 1 2 3 4 5 6 7

FCURT Rl (min + em™)
(c) HeyiARm i
B9 ARIKKEEZRNRERENZNE

Fig.9 Influence of different experimental factors on

coating thickness

[Fi) Fh, e S A B s M i 2, T DU OB R (E
AR VR R B AC , B R B R )2 R 1
RS /)N, DURR L TR 1 60V Ji , A {328 4 T
FE o o PR 80V ATRZMEEE i K, i 722H V50
TOBEE e 119 728 b (S 0 H i i =2 e, O P T g v
TR SR A AR AR A PR AE K, b 1 B T AR T AN
il JR P YRR T S, B 2R L TR T L 2 R

110 Wins & E A - 20224F 55 654 55510

725 ¢ { } {
720 + /}/ }
~ TI5F
=
T 710
i
B 705 -
700
1 1 1 1 1 1 1 J
20 30 40 50 60 70 80 90 100
DIRRE RV
(a) VIR
725 -
720 F S B S
= {
2 715 F
=
T 710 J
#
B 705t
700 |- {
1 1 1 J
100 200 300 400 500
VIBWIR/Hz
(b) PR
730 ¢
/{/l—i—i
< 720+ }
=
jun)
i
B 710 }
700 1 1 1 1 1 1 J

0 1 2 3 4 5 6 7
FEYTRASIA)/ (min + em™)
(c) LLUCRmETE]
B 10 FEIAKE R R EEER 0
Fig.10 Influence of different experimental factors on
coating hardness

JE R 2 S, AR TR 2 AR AR LU

B 10 (b)) SR iTRU 2t v J2 6 B2 i 52 i il £k, vl
VLA, DUBZ (AT 2 BE 2 DUV A 8 fin i 3 m, i
R L 250 Hz S, TORRZ 0 88 B4 158 T e o 2 72/
I TRE .. VIBUIR 450Hz ()G 2R, N
T20HV 50 UURIIREE o H AR 5 T B AR R B
i, URRE T A42= 11 A VR P B e B 2 35 Pl TR



WS ig X

T R R TR A MORUR W 35 7E TR, 2 U A1)
DURRZ M 522 TR AR K UURRZ A8 B Pl 3 5 o

B 10 (¢ ) RAS[R] IR B a) Xk 4 2 A 3 1 e i iy
28, T LUAE Y 3 e GTRR Ta) T DA i AR 2 B R
FE U )R A 3min/em?® ()4 J2 A 448 T s 5 48 /NI
FHEE 1 T — A Fa 2 (H, FLUTRRHE] 6min/em” 342 1Y
B B R, 0 725HV 50 FE FLDLER B[] 25 /N, B 7R
T AR s BA B B[R] AR/ RS B TSR T A F AR R
B FEOU MM A2 R ERAL, $em LU, T
e 2 T A7 T RRUR A FR A REEG i AT 1 55 U2 T R A
i, AT AR DRI 2 R A B 5
2.5 BRERWES

11 2R 1R )2 1) XRD A7 5 1, DR IR 2 = 2

Ni,Ti. Ni,Ti, Cr,Ti Fl Cr, o, Ti, o A, TEDIRZER
JE SRR, TR R Ti JC R 53R H A Ni TR
Cr TR MEL G, &l — RIS RN, AR X
IR AT AT A Ni;Ti Ni,Ti.Cr,Ti Gl Cr, 5T 7 HHo
Bfi%F Mo, Co. Fe LRI KA A, Ti 5 Ni, Cr tHEIF
A K S i 28 B R 4 v VR 2 B B R AR . BT 12
W2 SLE ) EDS TH AR ki ], b T R T TR
T TR 2 AT, T FAR Y N Cr JeR T
FRUZ ) T8, PR A B B URUZ S T2 (R
W T IRESA . H DIRBUZH W T TR S & T Ni,
Cr CREE T &, EDURLUS B P iEs 1 sl 5
FEACE) T AR A A A, foff P B T2 B — 26 15 F AR A
ARk AR, BELAS F AR ARk 1) T 2 AR 98, A48 Ti e &R

* ]
00r \w\, Q K y ﬁ\w T T
i’ Ptand Wttt g Aol et
& el
400 prnhoui ® Ni.Ti
B Ni.Ti
100 - Y Cr,Ti
A CrioTi
0 1 1 1 1 1 1 1 1 1 1
30 40 50 60 80 90 100 110 120 130

(a) WZH M

(d) VICESIMi

25um

20/(°)

B 11 XSS E
Fig.11 X-ray diffraction pattern

25um

(b) TIUCEI R

25um
{ ESS—

(e) NILES
E12 REREMNTEST

Fig.12 Element distribution at coating interface

25pm

(¢) AUCE M

25um
| SR

(f) Crut&EN i

20224F 58655 S5 M) - D& EA 111



‘_‘i.‘ »
Hl:%lﬁx RESEARCH

WPRRRY BOER S . B RE T TR & R
M HeE T o AR Z RS A AL AT RN, F KA TR T2
AN FR AR BL, DI Rt PERE A TR MY Al
FORE, TAFRIH R SRR G R A A& IR ih a1t
MIRIZ , KiEd R UTRZ AZR G PERE .

3 &g

(1) W2 3R DR R B2 Rl DR F T 19 1 O % Lot
RS 6] A 384 AT A I, Bt ORI A8 T sl )

(2) %25 2 B DU L R S ORI A 1 R T
T, Bt L ITCRR R [ 435 A0 T S48 O 0l I, A A de
AELEDURRIS 1], A0 ) fpe 4 TR ] 4min/em?

(3) WIZRMEIE A S MY A, 41808 S 80% A
TEWEIR A RFAE , 25 O L He B LU GURR I )R i, 702
MBI S UTRTCRIG IR, 152 R i e

(4) U 20 R B 2 U AR P . D RRUIA A A B L AR
I [E] A TS N, Z R0 38— E B , 18 B s/

(5) 5k & Fm b AL TR NICr-3 MBS , 1R 2
(4 L A2 NigTi Ni,Ti, Cr,Ti 1 Cryo3Ti, o %4

2 £ X Bk

[1] STOJADINOVI C S, VASILI C R, PETKOVI C M, et al.
Characterization of the plasma electrolytic oxidation of titanium in
sodium metasilicate[J]. Applied Surface Science, 2013, 265: 226-233.

[2] LIH,ZHANG C, LIU H B, et al. Bonding interface characteristic
and shear strength of diffusion bonded Ti—17 titanium alloy[J]. Transactions
of Nonferrous Metals Society of China, 2015, 25(1): 80-87.

[3] DURDU S, AKTUG S L, KORKMAZ K. Characterization
and mechanical properties of the duplex coatings produced on steel by
electro-spark deposition and micro-arc oxidation[J]. Surface and Coatings
Technology, 2013, 236: 303-308.

[4] XPh, ERH, BCE G Sp R i D TRR)Z T
ZMBTTE ], BRI S BEA , 2004(6): 7-9.

LIU Dan, WANG Dexin, CHEN Wenhua. Study on the process of
nickel layer on the surface of titanium alloy materials by electro-spark
deposition[J]. Electromachining & Mould, 2004(6): 7-9.

[5] GALINOV IV, LUBAN R B. Mass transfer trends during
electrospark alloying[J]. Surface and Coatings Technology, 1996, 79(1-3):
9-18.

(6] akda, BRaEE, BHE, 45 . W JAEDURRBR AL B R 5 Jm i e O
JE RO S S PERE (). i s RS TR |, 2019, 48(2): 601-607.

ZHANG Yi, CHEN Zhiguo, WEI Xiang, et al. Microstructure and
properties of chromium carbide based metal-ceramic coatings prepared
by electro-spark deposition[J]. Rare Metal Materials and Engineering,
2019, 48(2): 601-607.

[7] B, Bk, B 4 . koiBe s B K AEDIE Mo,FeB,
BLA BB R 2 A AU S HRE R sE ) [J]. P E SR TR, 2017, 30(3):
89-96.

112 Wiss & E A « 20224F 55 654 55510

HUANG Qisheng, CHEN Zhiguo, WEI Xiang, et al. Effects
of pulse energy on microstructure and properties of Mo,FeB,-based
ceramet coatings prepared by electro-spark deposition[J]. China Surface
Engineering, 2017, 30(3): 89-96.

[8] BUH:, BRAGHE, B0, 45 . DUBVUORH K AEDI Mo,FeB,
Fa R ERIZHLV S TERERSE I [7]. Fif G )@ RS TR, 2018,
47(4): 1199-1204.

WEI Xiang, CHEN Zhiguo, ZHONG Jue, et al. Influence of
deposition atmosphere on structure and properties of Mo,FeB,—based
cermet coatings produced by electro-spark deposition[J]. Rare Metal
Materials and Engineering, 2018, 47(4): 1199-1204.

O] 2, AEF, AT . R M K AEDUR TiBy/ TiC 22Tk
JEIIOMEER KR H (3] AR AR 5 TR , 2012, 17(1): 39-43.

LUO Cheng, XIONG Xiang, DONG Shijie. Microstructure and
formation mechanism of TiB,/TiC bilaminar coatings deposited on
copper electrode surface by electrosparking[J]. Materials Science and
Engineering of Powder Metallurgy, 2012, 17(1): 39-43.

[10]  FAET, u4sC, BX4HE, 45 . YG10/CD750 AR SRR
HUKAEDTRRZ I ZHEVSPERE [J]. U2, 2018, 47(4): 168-172.

CHEN Bing, FAN Xingwen, TANG Xingyan, et al. Microstructure
and properties of YG10/CD750 double electrode alternating deposition
electro-spark deposition coating[J]. Hot Working Technology, 2018,
47(4): 168-172.

(117 Phelfls . T AAETURUER Mk 42 3R AT IR S22 SO 21
BePEREBT (D). 1% FH - TR R | 2015.

SUN Kaiwei. Microstructure and property research of titanium and
titanium alloy surface modified coating base on electrospark deposition[D].
Luoyang: Henan University of Science and Technology, 2015.

[12] skasEt, 2=, sk H . Po2 M FAHK I b K AL TR Ni-
Cr-Fe W2 BB AALTERE [7]. ML T K254 , 2019, 45(5): 1-5.

ZHANG Jianbin, LI Jian, ZHANG Leilei. Ni-Cr—Fe coating on
surface of P92 thermoresistant steel with electro-spark deposition and its
oxidation resistance[J]. Journal of Lanzhou University of Technology,
2019, 45(5): 1-5.

[13] FERIk . a8 JAETTRIRZ MO LU T 2 RASE
[D]. K& : RIEAGE K, 2019.

WANG Tianshu. Study on microstructure and process optimization
of electro-spark deposition coating on titanium alloy[D]. Dalian: Dalian
Jiaotong University, 2019.

[14] SKEAE . s KA R] RS A 2 TR 2 I LRI RE AT
[D]. AL AL Tl K24, 2014,

ZHANG Liuwei. Microstructure and properties of stellite alloy
coating by electro-spark deposition[D]. Wuhan: Hubei University of
Technology, 2014.

[15] FEHTF. B KAETURRR S 440 D] BRI : BRI TR,
2004.

WANG Jiansheng. Electro-spark deposition and its alloying[D].

Kunming: Kunming University of Science and Technology, 2004.

BIRIEE  RAEDT, B, 1 2R 0, W57 1 AN T ek s 280k
W THARFEC T SR RS -
(Uigh M A)



