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Effects of Pre-set Ti Powder on Microstructure and Properties of
Laser Nitriding TC4 Coating
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Abstract: The nitriding coatings were prepared by direct laser nitriding TC4 (N-TC4) and laser nitriding TC4 with 1 mm
titanium power preset on the surface (N-Ti-TC4), respectively. The XRD and field emission scanning electron microscopy
(SEM) with EDS were used to analyze phase structure, morphology and local chemical composition of the coating. Sliding
friction and erosion wear properties and electrochemical corrosion resistance of the coating were characterized by friction wear
tester, sand blasting machine and electrochemical workstation, respectively. Results show that mainly TiNx(x=1, 0.98 and 0.90)
dendrites, a-Ti flake crystals and surface TiO2 are formed in both coating. The sliding friction and erosion wear properties and
electrochemical corrosion resistance of TC4 alloy are markedly improved after laser nitriding. Due to full reaction of Ti with
N, the N-Ti-TC4 coating is thicker and exhibits uniform composition with higher nitrogen content than the N-TC4 coating.
The sliding wear resistance of the N-Ti-TC4 coating is 5.3 times and 1.3 times higher than that of the TC4 alloy substrate and
the N-TC4 coating, respectively. The erosion wear loss rate is reduced by 37% and 12%, respectively. The polarization
resistance value of the N-Ti-TC4 is 18 915 Q higher than that of the TC4 alloy, and 12 537 Q higher than that of the N-TC4 coating.

Keywords: laser nitriding; TC4; microstructures; friction and wear; electrochemical corrosion

YHsHEA: 2018-04-09; 1EEIEHA: 2018-09-07
& AR EHER: 2018-10-13 13:41; ML ARMBIE: hitp:/kns.cnki.net/kems/detail/11.3905.TG.20181013.1340.010.html
BEEE: 2 1975—), B @), WG, Wt MRAE: iz kTS ER R Hi57; E-mail: 1iwz2008@hotmail.com
HEWBR: HEARBAIS (51371059); 714 AARIEIES (2014GXNSFCA118013, 2016GXNSFDA380022); ) T4 i 452445 25 7K - B3
BRI H
Fund: Supported by National Natural Science Foundation of China (51371059), Natural Science Foundation of Guangxi Province
(2014GXNSFCA118013, 2016GXNSFDA380022) and High School Innovation Team Project of Guangxi

LA B, BRRAE, SRR, 45 TE TiBRHEOCELL TC4 1% E L K PERERISE R[], th 2T T, 2018, 31(5): 167-174.
TONG Q, CHEN Q Z, MO QF, et al. Effects of pre-set Ti powder on microstructure and properties of laser nitriding TC4 coating[J]. China
Surface Engineering, 2018, 31(5): 167-174.


http://dx.doi.org/10.11933/j.issn.1007-9289.20180109004
http://dx.doi.org/10.11933/j.issn.1007-9289.20180109004

168 b B xR T LT IR

2018 4

illls

0 35

RGN, LRy, WA, MR ik L J
JISEPEREE R, O R P iR it
VAR A YA AR Tl S SRR i o e 3 R A

Fi, MRACFREE AR RR B 5, AT ARG 4
PIMERESE th T S A EK . TC4(Ti-6A1-4V) & H
BN B TR G A, H T I GO R e IS
(300~450 HV)¥!, FEHEfh RS FE 45 5 = R R
7 O 13 g e = S TR Yo 70 S

TR Pb 2 B v A Al R R RIS E 19
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B, WHTRE SR MmAAE ., X Chen 5K
PRI R i 6 R0, AR R R XRG4
HATHOCAAL, ATARARELROIR B TIN IR )2, R
JEAE Sl T B PR 0 R, R RE Ik 920 HV, 1T
HIZTEATENERAE, RiEES; HE,
AT AZBIRIZ N SRR, 5oLy R
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FRAEN, RAMKYPRHOCIRM SR, &
PUAE SRR IE LB T RE S IO B AL,
AT RAC)ZE B RS ARSR & T 2.5 4%, BRI
W2 8 £, Schaaf P AN, TEROGAL TC4
B, 20O 2 2R R U U 0 B — 2 Y
i, FARZEEIEASBILEIG R, EE4T
REry e, H 2R PR N 7R Ak 2 w9 il
HERF N W AT SR, MEREREN N ik
ST, SRE N TR R AP G, RS
RIZRBE RN, H-SBORZ PSR AR,

N fRRZE, AE TC4 FE P E 1 mm L
K IG PR T O AR B, 3 1 398 o Sz 7 T AR
i N 580 7570 SOV LA 48 & TIN AHPER)Z, I
5 HEHOCE A TCA SRS IRIZHAT L, 8T
LT FP R 2 DI AR S A AU, RN IR
JE I S EE R AR B 0 1 R B PR 2 el
PERE, The R 2 e R A,

1 MRRFEE

K H TC4(Ti-6A1-4V) £k G G 1E N FELAE M EL,
HALSERAY I 1 R, TC4 sk 4L v1E!
TR SR 30 mmx22 mmx6 mm BIHREL, £ 80.

120, 240, 400 F1 600 S /K B AT )5, &
TR Ao A POEUE 5 min ARG T, AR

#z1 REATC4KAEHUERY

Table I Composition of TC4 titanium alloy for experiment (w/%)

Element Fe Al (6] C
Content <0.25 5.50-6.50 <0.012 <0.08
Element H \Y% N Ti
Content <0.13 3.50—4.50 <0.05 Bal.

A7 mm, HEEEZS RSE R 31 mmx23 mm p9FELEL
B e R 20 B R TC A 8 B IR R TR AR
HobE 3R, BRI RBR 2 i, K
TR T4, 7680 C FHHE2h, RS
i ZKSX-2004 AL FHEEHOGH, WOt A
1064 nm, £E#E 200 mm, YEBREEAE N 3 mm, 7EH
JehE IR A R, & FH B S A I 16 AT 4l
K (99.9997%).

BIRR RIS S5 BOLTI% P=700 W, H##
B v,=300 mm/min, ZSFE#E vi=15 L/min, #&
P2 50%, AT LA, R TUE Bob FHEOE A
1B 451 TIN %2104 N-Ti-TC4, FHAEXT TC4 it
T RALH 2810 TIN IRZIE N N-TC4, Ml &
L A i AR EBORGIAE: fy ZEAfle RUE ARV AG
AT 400~8000 S /K BERP AU T SO, LAREAIOR
REFEXT SRR e, ARG TR RERI

SFHHES 2 D/Max2500 V # XRD 77 506
WIZIT MG . BIASEWT . Cu-
Ko 126, & H AT 54 40 kV Al 120 mA,
R 20°~80°, i #E K 8°/min, i
SEM WL AR A (0 vk 2R, xRS R TiE 2
FTBS , IFH T o3 RO & B BR iR )2 R, i
XRD FrAiR 2200 R SRR AR

K HIBCA REIE X (EDS) /Y SU-8020 3 4 3
T i (FESEM) X il 17 S0 4% ot
ForhT. WEEHT, FHERIR - iR : K=1:2:
17 BB B J5 PR AT i 30 s, Z )R
FZE KMk, BT,

i T, RBRELE S T )
JEE AR AT . ik B 451 1 R B FL Ak 2 ol R U
o W BhEE AL MM-2000 788 $82 B 5148
BBl AT o XA BT YT15 B9 %5 R i o
E4r, MR 2400 HV; WPEERR . HE
D=40 mm, JEE h=10 mm; MWHAFERGE: 30 mmx
7 mmx6 mmo ZECH#E T 100 N, # 3 200 r/min,
TRIGETE] 30 min, I /AT ESBUE 55 B B R )
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FEPRESE], o SR B BR 5 RE AR

K HH 9070W MERBAILXS VR 24 St A T i ik B 4t
SRy B STR 10 mmx 10 mm*x6 mm, 5%
J1°4 0.51 MPa, #b/KH N 25%; whihabkih
Si02, K2 N 200~400 um, MWiHEE 2K 5 mm,
WS REAE i 300 mm, A 90°, LU AT
(B8] 1 min, XFepibaq eI TRRE . A ek s
1 T ORI RE i v i M REHEA TP, Ry
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FE SRR
T L] e ik s )
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FEL FRRCRTH R HL AR 43 1 TAE . Bl
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1 mol/L () HC1 W, FFINFE ik 2 1 AR
1om?, HAEAHAIaE
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2.1 TiN AEMHEZE K EDS sEig o
K XRD 43 %W R T 256145 g 2B 24T

B 5 AT AR A0 AT, S5 ARANE 1 FR. HIE 1(a)
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0.90) U5 FETR B R 2D e, 7EVREEH 108 pm
B AL i JLT- I 2% o T N-Ti-TC4 R )21
TiN, U6 5 Fifi % B 38 R AR RE , EIRE N
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il 2 R A KA B it R ST, 77
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HZsA B TiO2 Ao BEAR, TiNos AHAYAE R T
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MY JEF HO /N T 10% B 2328 AR N 569 TiNos A

2Ti(s)+ Ny — 2TiN(s), AG? = —74.0 kcal/mol (3)
Ti(s)+ 0y — TiO2 (s), AGY = —212.6 kcal/mol (4)

2 WA 2R &R E g, Kb
AHN S5 EDS BEIG /BT 25 R L35 2. MIEl 2(a) 7T
PIEBL, N-TC4 WRIZEZHR 130 pm, WRIZHHIR
A i LB, HEFIASEI . 17 N-Ti-TC4 1)z 0
JEik 650 um Zidy, HIE BRI LA/, 43
A E S R (18] 2(0))o [FIE, XFEHE AL D X
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Fig.1 XRD diffraction patterns of laser nitriding samples at different depths
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Fig.2 Cross section morphologies of laser nitriding samples
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Table 2 Average chemical composition of area marked in Fig. 2

(W/%)

Element

N Al A% Ti

Area

A(surface)  2.02 3.36 1.83 92.79

N-TC4 B(point) 3.82 1.15 95.03
C(point) 7.73 4.52 87.75

D(surface)  7.76 2.09 1.12 89.03

N-Ti-TC4  E(point)  10.03 0.78 89.19

F(point) 0.02 7.83 3.34 88.83

JZ A KB N JCER & ELT B 1119 53%,
N-Ti-TC4 &2 C X3k N JCER & 8 WAL 5
E H11H 77%, XN H N-Ti-TC4 IR )J2 L b
FEMELE . WX ROIRES BL C 55 S R B
F &SRB e vl 8, RolRE b LT %
BRIAICER, 1M Al TGRS EHE TR (5.5%~
6.5%), AR FrbR AR B ) — S0 A s AT
F UM AL VY o-Tio BAEE LA N JT
BRI E, 454 XRD 430 ol HA AL &
TiNx H4; SEGESAY HEAH &R TN )2

AR, BWOCEAD T, BT TiN AHEE A R
, BERIET SRR, I IR S A AV L
PO AR . MR BEREE Ti AEEE T, Rk
Ti ATERHZ LR RIE R o-Ti, TR AL
TH TIN5 o-Ti BUIR AL,

2.2 BENEEEMERE

] 3 S TC4 AR K WFp IR 2 7E T sh B 4615 1Y)
FHEIEH . MIE 3(a) FME KB, TC4 HfkFKim
FETER Z BRI AL TR i Rk S, X2l T
TC4 REREAR, MhiPERRYS, TSR
Xof B ARG B 5 TC4 AR 8 T UAH X 3
5 A o B AT B BCED I, DAIT 7™ A TR Y A
W AR B E TSR R, 25 R IR
JE I fE SR SR E . R, TC4 BB T =k
I B P FORG 2 BE4h1

BERUR N-TC4 FE R I BN, BRI
AR JE g >, i 3(b) iR, XM T3
T A LR G, IRERIZ T a-Ti FHRE BEAH X
WA, RS, 765 Rl 1 1 IR AH T o)
e AR, AR ) 5 Y0 N ) 2R [E AR R R
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(a) TC4 substrate

(b)N-TC4
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.“100 gim
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Fig.3 Worn morphologies of different samples after sliding friction test
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TR B BT NG A5 B

Kl 3(c) s, N-Ti-TC4 35 2B 15
BV, AW MR FIRE . XEH THA
fEvR)Z TIN M L, A AE395), T TIN A
KA (AT PR 7R Mg sh B R, TN i 5
R TR /D, AR B AR X Y ol B 4 0 A v okt
WIEBIME, NS/ AR RE, Jatnig
R R 7 o 24U T B2 1 R g g e L
AR, PR AR R BORR R, AT H B T b
(R BT R RS P45 B8 T . N-Ti-TC4 1B 7 =3
TR R

& 4 Sy 3 PR A RAE Y By T AU 4R .
&l 4 Hha] L, TCA FEAREII RN 4.66 mg/m®; N-TC4
RIZBYEDIAR N 1.10 mg/m®, 5 TCA FEIRFEAR T
i 76%; N-Ti-TC4 IR )2 EE#IE A 0.89 mg/m?,
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5 F

w2 &~
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Wear rate/(mg-m2)
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TC4 substrate
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&l 4 ARIEHRFERIE B TR

Fig.4 Sliding wear loss rate of different samples

B TCA HARFRL T T 81%, HIMOGA ML TC4 #14%
HIEALIR ERRAGE 19%, W N-Ti-TC44 )2 it
BEVERR L, X5 R BRI 4 R — 3K

2.3 iR AE

[ 5 JRAF A b ol R o ) B b R R 4R
HIIE 5 ATOL, TC4 By apih 203 HPABrEe. b
TG EL, B 1~3 min, #pilik B4
14.7 mg/(cm*-min) FE{IXE] 10.7 mg/(cm® min); ik
JEBARE BB, BRI 3~10 min, Wik 8 R 3E
AR R E, 29 10.6 mg/(cm® min). {ER)EE Hih
BB, WRESHIAE SR B hd kAR, &
FTTSRAL AR RS AR i % TR B A R
R, A SRR S SR SR A, bk
PEI R B WAL, BA iR E R BS , HE
MRS IR R K MH, AR TC4 18 Y A
HIEB) TR, Bl E 3 LR AR

N-TC4 JRJZH ob it B0 4 ABrBe. mhim
BEIRRILR B BE, BB 1~2 min, Wik FER A
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Fig.5 Curves of weight loss rate after erosion wear test
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BN WRIZIHAERT B, WA] 2~6 min, o
AT R E, 200 8.3 mg/(cm?>min), J&T&
JEES TIN S AN 5T, i B 451 2k F R 2
FEBARI K- SRR EEBT B, B 6~9 min,
kg B R Z WM 8.3 mg/(cm?-min) 34 i F)
10.7 mg/(cm? min), iXJ& M TIRZEH TiN 5>,
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HENESBMTA R, R AR MY A
AT, i) E N-TC4 2RI,
T ALY 5 ah; Mg (8 6(b)), XEF R
TiN AHAAEFEREAR T A SEmb XTI 2 i YT HI 3R
N-Ti-TC4 & ohils, RifigoA &, B
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Fig.6 Surface morphologies of different samples before and after erosion wear test
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& 7 JRERIR T 1 mol/L HCI Fis $h R 1A W
M FE R WA il £, b Ry A 48L& 4 SR An 36 3
o MIEIHAT LR, TC4A FEPRAY [ i A
AN, H B R R B RO, 4 —0.557 VORI
2.845x10°A/em?, HWALHLFH N 18 514 Q. 444
MR I A e, IR R R, I
A SHEABRBY B, & T TC4 RHIE Y
AL AR BRI ER . 25, FEA#E
FEHGI, e b B LR R B R )N, S
ZAb R B sl , 2R BRE G R EE B DR A R B

TS RIREIR s MBIk B NS, ARG £
HBUORERUE M, BB A e IR

N-TC4 WRJZM A LA -0.544 V, HIE
PHHLR R 2.061x10°A/ecm?, ik HIBH 24 892 Q,
WAl M 2Bl il e AR fb 5 TC4 FEMAREL, (HTiR ik
PR — BB & . N-Ti-TCATR ZHA &K
K BB —0.487 V., fie/INY BB ol R 7 2%
£ 1.326x10°A/cm® Flf KL HLFH 37 429 Q,
T b P e B o AFL R AR S R ML AR [R] 40 O A
A, C. E SR, A5 B, D, F SR H
Jeiy S i b 2 A Sy T Ak DA T S o e SR A A )22
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Fig.7 Tafer curves of different samples
# 3 AT EIHESR Tafel BhZk AR
Table 3 Tafer curve fitting results of different samples
Self-corrosion  Current density / Polarization
Sample 5 .
current/ V (A-cm) resistance / Q
TC4 —0.557 2.845x10°° 18514
N-TC4 —0.544 2.061x107° 24 892
N-Ti-TC4 —0.487 1.326x10°° 37429
3 4 ®

(1) i T AT G &R ERDFEEH
TiNx(x=1, 0.98, 0.90) /L& TO2 M4 ; N-TC4
WZHHH TNy, TNos M o-Ti ML, WHRIZIEH
WA TiNg HIE R N-Ti-TC4BZEH T Ti 5N
JEEHBEEH TN & o-Ti M4, &IZIEHAFED
HHY TiNos .

(2) R PT A A5 o A B T s 1k A oot
PEo N-TC4 IRJZ B R B IR T 4.66 mg/m® [
% 1.1 mg/m?*; N-Ti-TC4 &2 MMM PR, B
T FERERES, EHIFEA 0.89 mg/m?,
ol B 3 2k T SR A LR N-TC4 5 240 IR T
37% il 12%.

(3) & 1H AU JZ T H i SR R 1 T R 1
N-Ti-TC4 TR 28 a5 s R A Ik, iR itk
PERE R Ar, HAA b BH A TC4 2K A 4 SR A
N-TC4 %245 7 18915 fl 12 537 Q.
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