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Microstructures of WC,/Al metal matrix composites layer
produced by hybrid laser-TIG melt injection
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Abstract: In order to overcome the difficulties of laser melt injection (LMI) on aluminum alloys, which include high
reflection of laser on aluminum, oxide film and high heat conductivity of aluminum alloy, the hybrid laser-TIG melt
injection (HLTMI) was developed. WC,/Al composite layer was prepared on the surface of aluminum. Through
optimization of process parameters of HLTMI, such as laser power, TIG current, scanning velocity and powder feeding
rate, the MMC layers with different thicknesses ranging from 0.5 mm to 4.3 mm can be achieved. The microstructure and
composition of the coatings were analyzed by means of XRD, SEM and EDS. The results show that the microstructures
of MMC:s layer presents a hypereutectic structure. The hypereutectic phases at different locations exhibit different shapes:
the hypereutectic phase (W, Al,)C, at the upside of the layer represents cross shape, fishbone-like or papilionaceous,
while the preeutectic phase at the bottom of the layer exhibits massive structure.
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F1 2219 maemes s
Table 1 Chemical compositions of aluminum alloy 2219

(mass fraction,%)

Cu Mn Ti Zr Si Fe Ni Al
638 032 0.064 0.18 0.084 0.18 0.032 Bal.
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Fig.1 Metallograph of aluminum alloy 2219 substrate
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Fig.2 SEM image of WC powders
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Fig.3 Schematic diagram of experimental system
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Fig.4 Influences of TIG current (a) and laser power (b) on

thickness of HLTMI layer
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Fig.5 SEM morphologies of HLTMI layer prepared at
different parameters: (a) /=40 A, P=1 kW, M=120 mg/s, v=0.2
m/min; (b) =70 A, P=1.2 kW, M=135 mg/s, v=0.3 m/min
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Fig.6 SEM morphology of horizontal cross-section of
HLTMI layer
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HeThE 1.5 kW, 2K 145 mg/s, F1H#E 0.2 m/min.
A LB B T 2 R WO Bibis iR £,

B 7 IEEA RSB SEM 4

Fig.7 SEM morphologies of particles at different locations of
HLTMI layer: (a) Upper location of HLTMI layer; (b) Middle
location of HLTMI layer; (c) Bottom location of HLTMI layer
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Fig.8 SEM images of substrate at different locations of
HLTMI layer: (a) Upper side of layer; (b) Bottom side of layer
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Fig.9 XRD pattern of HLTMI layer

Kl 8(b) 7 A it IR SL A SUE S SEM &
PR BTS2 AR e /e, Rk, Sdsierh b
FRAREL, LR ELEAR, W IR 71 C 7 oRA e i
fRANY L BN RS e U 78 V. fEH



624 hEA SR R

2009 4 4 A

HH
DAL, it e 7 th mT LA 38 i R ) A e L S 30
BelREIE AN S ) +a(AD) S ALCu L.

3 g

b=}

1) RHBOG-TIGE & 15 T 278 & 4 3R 1
& TR E A AR . RO T R TIG
ML BRI 25 T 2240, 3715 170.5~4.3
mm/F KRR S EZ

2) W12 3058 G YR RO 52, 452
SRORE A 38 3800 518 R 2 [ e s e 0 R P AR O 16
it S R P58 TR I Uk 1 g a1 I3 o s 2 1 2
AR M a(Al). WoC WCHI(W,AL)C, .

3) MR A I B AA H S R L T A 2RI
HLIEH: it S S HA eIk, ek,
WREAR S8 3L AR (WL AL)C I 3L S 2R, 1 IR 58
IL AR IR IE A .

REFERENCES

[1] B, X2, S WC F0R o A4 kL s R
[J]. #2006, 11: 26-30.

ZHAO Min-hai, LIU Ai-guo, GUO Mian-huan. Research on WC
reinforced metal matrix composite[J]. Welding & Joining, 2006,
11: 26-30.

21 ¥ A, T AR, B RURL Y 5 2 i 5T A AR BT S
[7]. BEHER, 2002, 23(6): 362—-364.

XU Bin, XIANG Dong. Survey of surface composites
strengthened casting by WC articles[J]. Foundry Technology,
2002, 23(6): 362—364.

[31 wsKeh, oD sE, 2250, ORI 9 <5 B A2 5 04 R B

BEVEBE S B BOVLELT]. MORLRL S S TR 4R, 2003, 21(5):
748-752.
ZHAN Yong-zhong, ZHANG Guo-ding, CAI Hong-wei.
Tribological properties and wear mechanisms of particulate
reinforced metal matrix composites[J]. Journal of Materials
Science & Engineering, 2003, 21(5): 748-752.

[4] BERTRAND Y P, SMUROV I. Laser cladding of wear resistant
metal matrix composite coatings[J]. Thin Solid Films, 2004,

453/454: 133—138.

(3]

(6]

(7]

(8]

(9]

(10]

(1]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

MCDANELS D L. Analysis of stress—strain, fracture, and
ductility behavior of aluminum matrix composites containing
discontinuous silicon carbide reinforcement[J]. Met Trans, 1985,
16(6): 1105-1115.

IBRAHIM A, MOHAMED F A, LAVERNIA E J. Particulate
reinforced metal matrix composites—A review[J]. J Mater Sci
1991, 26(5): 1137-1156.

LLOYD D J. Particle reinforced aluminum and magnesium
matrix composites[J]. Intern Mater Rev, 1994, 39(1): 1-23.
MIRACLE D B. Metal matrix composites—From science to
technological Science and
Technology, 2005, 65(15/16): 2526—2540.

PEI Y T, OCELIK V, De HOSSON J T M. SiC,/Ti6Al4V

significance[J]. Composites

functionally graded materials produced by laser melt injection[J].
Acta Materialia, 2002, 50(8): 2035—2051.

VREELING J A, OCELIK V, DE HOSSON J T M. Ti-6Al-4V
strengthened by laser melt injection of WC, particles[J]. Acta
Materialia, 2002, 50(19): 4913-4924.

PEI Y T, OCELIK V, DE HOSSON J T M. Interfacial adhesion
of laser clad functionally graded materials[J]. Mater Sci Eng A,
2003, 342(1/2): 192-200.

LIUD J,LIL Q, LT F Q, CHEN Y C. WC,/Fe metal matrix
composites produced by laser melt injection[J]. Surface &
Coatings Technology, 2008, 202(9): 1771-1777.

VREELING J A, OCELIK V, PEI Y T. Laser melt injection in
aluminum alloys: On the role of the oxide skin[J]. Acta Mater,
2000, 48(17): 4225-4233.

STEEN W M. Arc augmented laser processing of materials[J]. J
Appl Phys, 1980, 51(11): 5636—5641.

DILTHEY U, LUEDER F, WIESCHEMANN A. Technical and
economical advantages by synergies in laser arc hybrid welding
[7]. Welding in the World, 1999, 43(4): 141-152.

DIEBOLD P, ALBRIGHT C E. Laser-GTA welding of aluminum
alloy 5052[J]. Welding Journal, 1984, 63(6): 18—24.

WK, J7utIH, ARSCOL, M. 2219 BRa SR HGE R
AL Iy PEREL]. 45573, 2006, 27(3): 9-12.

MENG Qing-guo, FANG Hong-yuan, XU Wen-li, JI Shu-de.
Microstructure and mechanical properties of 2219 Al-alloy
heat-affected zone with twin wire welding[J]. Transactions of the
China Welding Institution, 2006, 27(3): 9-12

YAN J M, MA X F, ZHAO W, TANG H G, ZHU C J. Synthesis
crystal structure and density of (W,_,Al,)C[J]. Journal of Solid
State Chemistry, 2004, 177(7): 2265-2270.

(w8 35E)



