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Microstructure of Al,Os/Ti-Al Composite Coatings Prepared
by Laser Aluminum Thermal Reduction Processing
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(Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: With composite powders of Al and TiO, systems as reactants, Al,O; reinforced Ti-Al matrix intermetallic
composite coatings were prepared on the TC4 alloy substrate by laser in-situ synthesis processing. The effects of laser
power, laser scanning speed and laser spot size on laser energy density were analyzed, respectively. The macroscopic
morphology, cross-section microstructure, and micro-hardness of Al,O3/Ti-Al composite coatings were characterized by
optical microscope (OM), X-ray diffraction (XRD), energy dispersive spectroscope (EDS) and micro-hardness tester. The
results show that scanning speed has the greatest impact on laser energy density firstly, then the laser spot size, and then
the weakest is laser power. With the scanning speed increases, Al,O3/Ti-Al composite coatings surface become rougher,
“fish-scale shape” morphology are more obvious, and the thickness of bonding-zone decreases. The reinforced phase of
composite coating is composed of k-Al,0O3 and a-Al,O3, while the matrix phase is composed of a-Ti and a,-Ti;Al. And
with the increase of laser scanning speed, k-Al,O3 changes into a-Al,O; partially. The morphology of Al,O; reinforcement
tends to change from dendrite shape to fiber. The micro-hardness of samples has a smooth transition tendency from the
substrate to the coating surface. The micro-hardness distribution of coating cross section is uniform, and the average mi-
cro-hardness is significantly higher than that of the substrate.
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Table 1 Detail experimental parameters in laser
in-situ synthesis processing

Sample PAW V/(mm's™) P,/(><10*, W-em™®) E/(><10% J'mm?)

T1 3.7 5.83 1.88 1.269
T2 3.7 6.67 1.88 1.109
T3 3.7 7.50 1.88 0.987

Note: P-laser power, V -scanning speed, P-laser power density, E-laser
energy density
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Fig. 1 Macromorphologies of composite coatings under differ-
ent scanning speed conditions

(2) 5.83 mnvs (T1); (b) 6.67 mmys (T2); (c) 7.50 mm/s (T3)

HOKF) 7.50 mm/s B, HAWRZERTARA Rk,
HIEART TR gl 23, BEEEOE R
LG R, HAWwER I TR, 5346, 48
L /N T 5.83 mmy/s I, FoAF R AR RARTE, X
R ARSI (1) 2R X =N B 1 B A
FR KRR, SAWRERIN-FEEARK
TR B Tt AR IR I BRI T g 1
(RAZ FPIRA X S M RLR TSR )y BEIR B I ARk Z%
PIRI PN KR A y =00 /0T « 24 y<0 I, otk
PR AR A il POV AR ) R ERSPIR S, Sy >0 I,
JEIt SRS g ) IE A s, BV A IS it 10 2
A HOE Sl o R PR AT O s AR IS SR,
F24HT ALF TO, MAH KIS . K 2 L
Prl W, EAR ALY 10.6 pm [ CO, WO
WRENT TiO,, HIE A TiO, M5 i) 1/3,
MRS R ST TiO,. Kk, UIE ZHh KRS 5
REWOGHAE RIS, RSN TiO, BRSO BE
WG, EO RIS YE[TI ARG YO/ IR I, K58 4>
ALY AL AE AN T BB e it . T
JaIth B AL R TR I/ T [ AH AL B2 sk 7,
W) ds e P 0 A B SR T 5K O BE R RE B AR AR &
y=00/0T <0. H FIRF#ral 50, ARz 3RS
B NI O H AR ) AR RS . S 4b, 1E
ALY, Bl R R AN WS I, SO RO B
1R 2 PR EAE R I (R 22 AR R, O e
BB, U LA S A HE R, B
P R R B R A 2 AR g, AR R AL R B
HWRERMGE R EIT IR 2% FREOCHRIER T
F2 Al TIO HEEYIESH 5%

Table 2 Physical parameters of Al and TiO,?% 2526

Materi- k/ . o/ o/
als 7wk ™7 (MNmT)  (MNm?)
Al 0019 2177 660 914 1040
TiO, 0890  6.69 1850 / /

Where: p-absorption coefficient (1=10.6 um), k-thermal conductivity, T,
melting point, oi-surface tension of liquid, o,-surface tension of solid
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Fig. 2 Microstructures of bonding zone of the composite coat-
ing at different laser scanning speeds
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Fig. 3 XRD patterns of the composite coatings at different laser

scanning speeds
(T1) 5.83 mm/s; (T2) 6.67 mm/s; (T3) 7.50 mm/s
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Fig. 5 Cross-section microstructures of Al,03/Ti-Al composite
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Fig. 6 Microhardness distributions of the composite coatings
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