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Microstructure and Properties of Ti/TiBCN Coating on 7075
Aluminum Alloy Surface by Laser Cladding
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(College of Materials Science and Engineering, North University of China, Taiyuan 030051)

Abstract: Ti/TiBCN composite coating was fabricated on the 7075 aluminum alloy surface by laser cladding technology. The
influence of process parameters on the microstructure and properties of the composite coating was studied. The phase
composition, microstructure, micro-hardness and wear resistance of the composite coatings were studied by a X-ray
diffractometer (XRD), a scanning electron microscope (SEM), a Vickers micro-hardness tester and straight-line-reciprocating
dry sliding wear tester, respectively. Results show that the Optimal process parameters are as laser power 1 000 W, scanning
speed 3 mm/s and the powder feeding rate 300 mg/min. The top, middle and bottom of the coating are consists of dendrites and
cellularn crystals, equiaxed crystal and spherical TiBCN particles, respectively. The average hardness of the coating is
519.4 HVo.2, which is about 4.3 times higher than that of the substrate (~120 HV). The average friction coefficient of the
coating is 0.208, which is about half of the substrate (0.442). The mass loss of coating is 2.7 mg, which is about one third of
the substrate (8.2 mg).
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WA SRIGEENILZARZE, SRR EH
5 R 1 A 3 A E Cu-Ni [ & 4 JE A 2H 41
Hr, RORIEGR TSR PERE ,  HL I IARE B 41
w1 4.5 £, Wang!'"% ATE 6063 454 A R A E
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SRINT, S [ AR R A A O SR T
PEM £ T EMPEREM T2 Bk, H Ao %
HAES G 4R MH % TU/TIBCN & E BRI RkE
TiBCN J2&%f TiCN FE4 7§l fk Ak B3R AS A5 784 1) By
TR, HA NaCl AU 7 (FCC) FhikgsH
B [ [ TIBCN P bR AR i s Ak
SERGEME T A N AR, SO i e R
AIE M) TYTIBCN By REC N T 225k, FBOLE
BHARTE 7075 faG 4 R iH il 4 1 TI/TiBCN IR
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1.1 HEmEE

FARMBHER 7075 886 4 (k2RI 1),
AR K/ R 30 mmx20 mmx10 mm., RE 1 FH
180 S PACHT IR, JEHTOK O REEVE, B+, H
RO IHIFE R R, BEMES Ti B
(ZFE 99.5%, KifE 100~150 um) Fil TiIBCN F3 K

(4l 98.5%, KiJFE 80~100 um), HAYARREEIZK 2
FIis o By AR R 205 85%Ti Ml 15%TiBCN )&
HATECEE, I QM-3SP4 17 2 A EREEHLIEF THLIRIE
4, BRESEEEE 500 r/min, BREEMINE] 2 h,

F1 N05BEEHRD

Table I Chemical composition of 7075 aluminum alloy  (w/%)

Element Si Fe Cu Mn Cr
Content 0.40 0.5 1.2-2.0 0.30 0.18-0.28
Element Zn Ti Al Others

Content 51-6.1 0.2 Bal. <0.05

#F& 2 Ti TIBCN # &K B4R 51t
Table 2 Physical properties of Ti and TiBCN powder

Physical property Ti powder TiBCN powder

Melting point/'C 1 660+4 =2900
Thermal conductivity/(W-m™'-k™) 22.08 11
Density/ (g-cm™) 4.507 5.1-5.4
Coefficient thermal expansivity/(10°K)  8.35 8.258
Electrical resistivity/(107 Q-m) 0.42 15
Micro-hardness/ HV 90-225 18-24
Tensile strength/ MPa 250 240-300

fifi ] DMS-3D 7 [l 8y 28 FOG LR A2 =
K% (LDF 4 000-100), K 980~1020 nm,
e KA D% 4 000 W, £ERE 150 mm, JEBE AR
1.5 mm. HTZESHEERH: Y13 800~1 200 W,
PR 2~5 mm/s, X8 % 200~300 mg/min, 5
F2 30%, (RSN SUR,

1.2 FHRIERFIZEMRENIR

H Rigaku D/max-rB % X 28 fif 5 1%
(XRD) #4794 5047, #RJ5 {4 H INSPECTF-50 %!
B4 AR (SEM) L2 Im HE 550 A0 0w 21
21, H HVS-1000 % i 2k A R i) 4 2
AR 0 B B A, (S FH 384T 200 g, fInZR I [E]
10 s,

K H MFT-R4000 1158 BEEEE AR, 7E=
BTIAEETEE, EEANEHZES mm B
GCrl5 fWER (B8 g HRC65), #faih 5N, B
KBS mm, BEENR 2 Hz, BEHETE 20 min;
Xof s 45 RE R L T RO RR R B ORE
0.1mg), JEIFAEHB K&, FH ZEISS-
Imager %14 A 0455 (OM) XF ST (TR 35 647
38T,
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2.1 T ZBHMIBBRRENZN

7302 3 E 3 KFMIERS L R MY
FWMIEH . AR T 28K, 7075 fa 4RI
NS TUTIBCN MY 2B 5 25 R W . TR
VPR R —EEOL T, FHHHEE 2 mm/s
B, WOGHRER, AR M BIEFHEING . S

BER 5 mm/s BF, BOGIGEE/D, IEERAR R E 2
b, AR SEEIE R RIFE 4G . SR0OtYI%
800 W, FIEEF 3 mm/s, %EHH 250 mg/min
B, EEES A, AEEZEAYS, BIE
BEFRE I R SAL, 2RO AR
RAETE AR

M 3BT LA fEIRFE 5 R REAZIE i
—AREL, CENIEEE, SRR R 1E

#3 EXIBFRBEMEIXFNERLR

Table 3 Orthogonal experimental program and macro photographs corresponding to the samples

No. Las;:)r/p\(;lwer, Sc;r;rzirrrlngns.gﬁ;ld, PO“I;d/e(rnfle;?rilIilf,]r)ate’ | Sample Remark

1 800 2 200 Bad combination
2 800 3 250 Good combination
3 800 5 300 Bad combination
4 1 000 2 250 TN Bad combination
5 1 000 3 300 Good combination
6 1000 5 200 T
7 1200 2 300 Bad combination
8 1200 3 200 : T, ‘_ 1 Bad combination
9 1200 5 250 - Bad combination

G WiRAET 224800 BOLDI% 1000 W, o T 4

S 3 mnvs, K% 300 mg/min, LI e

TEBHIEME I, TR ST n AT

2.2 HEERSHMULELR 75

12 7075 S G & RO Ti/TIBCN
2 T RS 3B X 4k XRD Bl . T 22
Ti. Al. TiBCN, Al:Ti Fl TiN #H4LA, TG
AT TiB &R, e/, Ti ARk
RN A AT &)@ LA, 1 TIBCN 445 5
(=2900°C) 1R, EROLIIZE 1000 W T, TiBCN
MARRINNGIEA . WIZEEEH Tio AL
TiBCN Fl ALTiAHALAL, T TiBCN #Ril 24
D, Al EmiE%, KA TIN A,

& 2 J& 7075 SR G & R EWOLEE Ti/TIBCN

v Top of coating
N .
A

Bottom of coating

Relative intensity / (a.u.)
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20/(°)

Bl 1 7075 844 O TYTIBCN 132 TS FIRE 5 A4
XRD [&li%

Fig.1 XRD patterns of the laser cladding Ti/TiBCN on 7075
aluminum alloy for top and bottom of the coating



162 b B xR T LT IR

2018 4F

Top :
Middle
Bottom

I mm

(a) Cross section of coating
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(e) Overlapped of coating (low magnification)

e

(f) Overlapped of coating (high magnification)

Fl 2 7075 $44 S REHOLEE TUTIBCN IR)Z MHUESR
Fig.2 Micrographies of Ti/TiBCN coating on 7075 aluminum alloy by laser cladding
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FEAE R BRI LR RE B TIBON ik ; — REOLE
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(a) Point of microhardness test
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(b) Microhardness distribution across the section
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Fig.3 Microhardness distribution across the section of the Ti/TiBCN coating
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Fig.4 Friction coefficient of the Ti/TiBCN coating and 7075
aluminum substrate
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Fig.5 Wear mass loss of Ti/TiBCN coating and 7075 aluminum
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(b) Ti/TiBCN coating
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Fig.6 Worn surface morphologies of 7075 aluminum substrate and the Ti/TiBCN coating
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(1) 3T EAS AT AL R T 258
HEETRAR ST, HHOEHIEh 1000 W, 3
A 3mms, AR 300 mg/min B, T Z2%0mdE,

(2) 7£ 7075 86 4R H & T TY/TiBCN IR
JZ. XRD 43#rM . ¥R)ZFZH Ti. Al TiBCN,
AlTi, TiN AHA AL, W2 L0 b ARG RIS 7 i
RABERL, WS, RZE TRk
JEHY TiBCN ki,

(3) TI/TiBCN )23 AR ] 2 B4 1% il 5 AR AR
AR, Bk R, TR R
Al3k 766.3 HVoa, VYRR 519.4 HVo2, 4R
A AR (~120 HVoo) 19 4.3 1%,

(4) Ti/TiBCN ¥R 2B EEME B &8, IR)2
S EEE BN 0.208, L REEK (0.442) 1 1/2;
WIZBERIR N 2.7 mg, LI (8.2 mg) B 1/3.
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