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Formation and microstructure analysis of titanium/steel composite layer
with copper transition layer by blue laser coaxial cladding
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Abstract: During the welding repair of titanium-steel composite plates, it is difficult to effectively form the copper transition layer.
To address this issue, the use of a blue laser to increase copper’s absorptivity was proposed. The effects of laser power, powder
feeding rate, and scanning speed on copper powder melting and copper layer formation parameters were investigated. The influence
of different process parameter combinations on the diffusion behavior of iron elements at the Fe-Cu interface was analyzed using an
energy dispersive spectrometer (EDS) area scanning. During coaxial cladding of a titanium layer onto the copper surface, the
melting behavior of the copper layer under blue laser irradiation was analyzed. Subsequently, the microstructure and mechanical
properties of the Fe-Cu-Ti joint were investigated. The results show that blue laser irradiation enables efficient melting of copper

powder. As laser power increases, the melting width, weld reinforcement, melting depth, and dilution rate of the copper layer all
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increase. As the powder feeding rate increases, the melting width and weld reinforcement of the copper layer increase, while the
melting depth and dilution rate significantly decrease. As scanning speed increases, both the formation parameters and dilution rate
of the copper layer exhibit decreasing trends. EDS area scanning of Fe-Cu joints demonstrates that controlling copper layer
thickness significantly reduces iron element content in the upper surface region, avoiding the formation of brittle Fe-Ti intermetallic
compounds. The formed joint is mainly composed of TiCu and Ti;Cu, intermetallic compounds. Fe-Ti intermetallic compounds

that have not formed brittleness. The average hardness of the copper titanium mixed zone is 326HVO. 2.

Highlights: (1) The precise control of the copper cladding layer formed on the surface of the steel substrate was realized by a blue laser.

(2) The formed Fe-Cu joint by blue laser was mainly composed of TiCu and Ti;Cu, intermetallic compounds.

Key words: blue laser; coaxial cladding; titanium-steel composite plate; formation process; microstructure
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Particle morphology of pure copper powder and
titanium powder and particle size distribution. (a)
SEM morphology of copper powder particles; (b)
particle size distribution of copper powder; (c)
SEM morphology of titanium powder particles; (d)
particle size distribution of titanium powder
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Table 3 Morphological parameters under different processes

g B o OIS EEEiprdiy PR K 5E ] IR g
- PIW vg/(mm-s ') ve/(r-min ') W/mm H/mm h/mm (%)
400 4 0.50 1.38 0.22 0.014 6.25
it 600 4 0.50 2.15 0.51 0.083 14.00
(RIFIZA) 800 4 0.50 2.42 0.56 0.108 16.16
900 4 0.50 2.54 0.61 0.182 22.98
600 2 0.50 2.42 0.62 0.172 21.71
= 600 4 0.50 2.15 0.51 0.083 14.00
(ENDIEEE 23} 3] 600 6 0.50 1.74 0.35 0.021 5.66
600 8 0.50 1.43 0.24 0.009 3.61
600 4 0.25 1.51 0.23 0.152 39.79
= 600 4 0.50 2.15 0.51 0.083 14.00
(NRIEYH) 600 4 0.75 2.35 0.66 0.025 3.65
600 4 1.00 2.53 0.81 0.012 1.36
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Fig. 3 Macroscopic morphology of the cladding
under different process parameters

2.8 s
P & ;i
E So[ -
s 20+ ]
R 18¢ I
& l6f .-
L4+ . -
12} ] i
400 500 600 700 800 900
BOETIR PIW
(a) WOt

0.7 26
06 £ 24
055 22
04 £20
0.3 % {*’g 1.8 B
022 £16
101& 14

12

layer

LI SuR e I TR RE el
Kes B2 WO 1 o g o 45 A s TEIRT, AL 4
N, Ho WORIRSE, HORAR, 0 AR, bl

B4 HLREBEEREEEEHREE
Fig. 4 Schematic diagram of the cross-sectional micro-
structure of laser cladding laye

F 3 T ES BB R IE | A AR
s, WP s B, WS — AR g R B, Ot
DR GG B BOE S BOAR B R UE LR,

-\\\\\\*‘_ﬂ_

~H
-~ R

R

2 3

4 5 6

7 8

FIHHEE v/(mm-s™)
(b) A

0.7
06 £
05 £
04 1%
03 ¥

2.6}
£24}
S22}
R20r
¥gl
1.6}

——
——

Tl

ST

1.4
v

NN NN
PR v/(rmin)

E 5 AEIZSHINEEERFESEH N
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Fig. 6 Cross section, EDS surface scanning results and

microstructure morphology of b, ¢ and f cladding

layers of samples. (a) samples b; (b) samples c;
(c) samples j

W, i F OB A 30 SR RS R R, 55
R T SR A K, BT fokiA: K
KA BT[] & 6(c) 3% 0 2 R 48 55 2] 0.75 r/min &
B, TE I 1 3 A b B 26 SR R, 3
JE R RS BN, TR R R N, R
N7 HSF TE] DAY At P4 3 oA Sk A 7 185 . 7 [T 2 1)K
JGREI LT, WA B R BURL R3S N, Ot SR
TOURL 2 [ () AH B AR R AR A B AR ZORR A1, S 30R



%9 #

R, 3 XA BOLBOL B O R LR R WA B R Y 5 R AT 51

IR TR A3 AR T BE HE2 ISR 1) SO RE B D,
2211 B B A OG5 R A 1 58 H ek R v e I A B
I € NGB o RN 5 e R U 8 A o R VAT T A
AR A L, BRAS B3O 4 HE A Bk B B IRk X
i 12 0 A i AR AR BIR ) T ok g A R At 2
A AR TEIE G AR p TETE KR, TR R 3|
() AR RS B AN OB TR 800 W, Hi T4
SRR AR ioRn RT AR AR, PR ) 4
HEAEUE T S AR, BT SR KR
B8] AATE] 6(c) 26 493 e 42 =5 £ 0. 75 r/min & B, 7
S 11 b A TP I A S SRR BN, A A U )2 1)
W RSE RE U/ TR Ry SRS, B 5[]
DAL A IS P 2 et A 3 . A A VO e o
FEF, Bl H A TBURL 30, 0 58 AR B0k 22 []
(A RE EL AR FH AR A5 58 R 45 s 1, R BORAL R T
AR BT RE R 1 O RE D, E 2 MR

TEWHOL SR AR B9 23 B F gl e s sl il ok . 5 8
A B Y BE B WL, AR B TR AR R L,
AT IO GHR IR RE 38 B F K OF X R g 1 o A
P AS A BR ] T SRk A RO AL AR, (A5 R 7E
TE G R TR FE A K, PR 31 Y dib R R
RN

T 25 A XA VR B OO | A R
FLL I Fe TUE M43 55 LU R B 1 10 T 24
XAk, H T ASBOHECHOGIIZ 600 W, 14
BN 4 mm/s, 54 0. 75 r/min.
2.3 HKIABEHREAFIEREMELR 5

BTN AL, 8 T A28 OLOE
13 600 W, FHl # B 4 mmy/s, 3% % 0.75
r/min | 375 196 B EA1E R BRI 1 ) A )
REIEE SRR 4, HZ2 VB SRR, an
&l 7 F7s.

x4 ARIZSHTHBRBEENERSH
Table 4 Morphology parameters of titanium
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A 600 2 0.3 2.55 0.75
B 800 2 0.3 3.12 1.07
C 900 2 0.3 3.24 1.23
D 800 3 0.3 2.86 0.96
E 800 3 0.4 2.97 1.04
F 900 3 0.3 2.96 1.08
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Fig. 7 Cross-section of cladding layer. (a) macroscopic
morphology; (b) cross section
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Table 5 EDS results of each point in Fig.9

W R Ti Cu Fe AREIAH
1 0 0.8 99.2 Fe
2 0 0.2 99.8 Fe
3 0 0.5 99.5 Fe
4 15.7 83.2 1.1 TiCu,
5 17.9 75.6 6.4 TiCu,
6 48.6 40.4 11.0 Cu,Fe,Ti
7 52.8 46.5 0.7 TiCu
8 51.9 46.9 1.2 TiCu
9 40.7 49.8 2.4 TisCu,
10 37.9 51.6 10.5 Cu,Fe,Ti
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