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Abstract: An irsitu synthesized TiC particle reinforced composite layer on Ti6Al4V were fabricated by laser induced re

action of the pre placed mixed powders of Tiand Cr3C;. The microstructure of the composite layer was strongly related Lo

the composition of original powders and also Lhe laser processing paramelers. Under cerlain processing paramelers, Lhe

malrix of the composile layer was ransferred from dual a+ B lo single phase B wilth increasing Cr;C, conlentl in the

original powder mixture. The TiC particles were fine and uniformly dispersed in the malrix. Furthermore, the fine TiC

particles show excellent compatibility with the matrix, thus offering good wear performance.
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1 INTRODUCTION

MetaF ceramic composite coatings have widely
been built up by means of thermal spray or laser tech-
niques on traditional engineering materials for im-
proving their performances related to corrosion and

1~ 5 .
M- However, metalceramic or cermet

wear etc
composites are multrphase system consisting of con
tinuous matrix and dispersed reinforcer phase or phas-
es. Therefore, the characteristics of the reinforcer
phases, such as their size, shape and distribution and
especially the characteristics of the interface bonding
between the reinforcer phase and the matrix may ex-
ert great influence on the performance of the compos-
ite itselfl 71,

tributed dispersion of smaller fine reinforcer phase

It was reported that a uniformly dis

will certainly give rise to better mechanical perfor-
mance of the composites and a clean interface between
the reinforcer phase and the matrix may also be bene-
ficial to the mechanical properties of the composite.
Generally speaking, the in-situ preparation of com-
posite may be promising in terms of producing fine

bringing clean boundaries of reinforcer
[8.9]

disperses,
phase/ matrix etc The present study is attended
to irsitu produce a carbide reinforced T rbase com-
posite on the surface of Tralloy through melt and re-
action induced by laser irradiation. The microstruc
tural characters of the formed composite coatings were
examined in detail and their formation mechanism
was also discussed.

Laser cladding techniques have been used to
build up metallic base coatings on surface of tradition-
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al metals to improve their wear resistance
met composites are multirphase system, consisting of
continuous matrix and dispersed reinforcer phase.
Therefore, characteristics of the reinforcer phases,
such as size, morphology and dispersion, and charac
teristics of the bonding interface between the rein-
forcer phase and matrix have great effects on proper
ties of the composite. It has been reported that the
smaller the size and the more uniformly dispersive the
reinforcer phases, the higher the composite mechanr-
cal properties. And clean interface can improve the
mechanical properties. So, insitu metal matrix com-
posites are promising because they have small size of
reinforcer phases and clean interface between the rein-
forcer phases and the matrix, also the reinforcer phas-
es are inherently bonded to the matrix and have high
stability to the matrix in terms of thermal dynamics.
In this work insitu particle reinforced cermet com-
posite was fabricated on the surface of titanium alloy
from carbides of B-T1i stabilizer via laser cladding pro-
cessing. At the same time, an effective method for
improving properties of titanium alloys and developing
new composites was proposed.

2 EXPERIMENTAL

2.1 Sample preparation

Cr3C; (commercial product obtained from the
Zhuzhou Hard Alloy Co.) and Ti ( commercial pure
metallic powder) powders with a size of 60~ 70 Hm
were mechanically mixed. Then, the mixed powder
was preplaced on the surface of Ti6Al4V alloy,
which had been ground and cleaned before use. The
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alloy was put into a vacuum chamber, which was
firstly evacuated and then refilled with pure argon
gas. JFD-400 Nd: YAG pulsed laser was employed
for the laser processing. The optimal processing pa
rameters were as follows: energy for one laser pulse is
50]J, frequency is 4 Hz, focal length 200 mm, laser
spot size 2 mm in diameter and scanning velocity 1. 1
mm/ s.

2.2 Post analysis

Philips XL400-FEG scanning electron micro-
scope, Link OPAL back scattered electron diffrac
tometer ( Oxford Instrument Pte. Ltd., England),
D/max-ra X-ray diffractometer, IBAS20 type image
analyzer and EM 420 transmission electron microscope
were employed respectively to examine the mr
crostructure and composition of the laser induced
composite coatings.

3 RESULTS AND DISCUSSION

3.1 Design of coating

Table 1 lists the critical contents of the stabiliz
ers needed for totally transforming an alloy into &
state for some binary Tralloys by quenching' """, Tt is
believed that an appropriate combination of a matrix
with high toughness and dispersed particles with high
hardness may result in excellent wear resistance of the
composite. In order to obtain a composite consisting
of B-phase matrix with fine dispersed TiC particle,
some of the carbides of B-stabilized elements may be
used as raw materials. In terms of the difference of
their free energy of formation with titanium carbide,
which may facilitate the reaction between the selected
carbide with titanium during the processing, most of
the carbides of the stabilizers listed in Table 1 are
suitable candidates. Among them chromium carbide
Cr3Cy was employed for the study. The morphology
of the Cr3Cy powder particles is shown in Fig. 1.
From Fig. 1 one can see that the particles show round
shape with clear growth step of the crystalline Cr;C,
on their surface.

Fig. 1 Morphology of Cr3C, particles

Table 1 Critical concentration of various
stabilizers required to retain 100% B-phase
for Ti alloys by quenching
Dala from US Dala from USSR

B-stabilizer

w % x % w % x %
Mn 6.5 5.6 5.3 5.0
Fe 3.5 3.0 5.1 4.7
Cr 6.3 5.8 9.0 8.4
Co 7.0 5.8 6.0 4.9
W 22.5 6.7 26.8 8.7
Ni 9.0 7.5 7.2 5.9
Mo 10.0 5.3 11.0 5.8
) 15.0 14.2 19.4 18. 4

3.2 Microstructure of composite coating

With the optimal laser processing parameters,
two powder mixtures with 5% ( mass fraction) and
10% ( mass fraction) Cr3C; respectively were used to
make composite coating on Ti6A14V alloy surface.
The microstructures of the two coatings are shown in
Fig. 2. One may observe from Fig. 2 that the hard re-
inforcing particles disperse very uniformly in the ma
trix and the particles size ranges from 0. 5 Hm to 2
Pm. The results of image analysis shows that the vol-
ume fractions of the formed TiC particles in the com-
posite layer were about 15% and 38% respectively for
those two kinds of samples shown in Fig. 2. Fig. 3
shows an electron back scattered pattern from a parti-
cle in the coating of the sample 90T r10Cr3Ca( a) and
it is solved and identified as TiC(b). Furthermore the
matrix around the particles is identified as BTi
phase. Fig. 4 shows an X-ray diffraction pattern tak-
en from the surface of those two composites, it again
proves the formation of TiC fine particles in B-Ti ma
trix through the desired process.

From thermal dynamic point of view, during the
laser induced melting the following irrsitu reaction
may occur:

Ti+ Cr3Cy TiC+ Cr (1)
then, the released Cr may solve in the Ti around as
follows:

Cr+ Ti~ BTi (2)
Thus a composite consists of fine dispersed TiC parti-
cles and BTi matrix was finally formed on the top
surface of the Ti6Al4V alloy. if the

chromium carbide content in the original mixture was

However,

not high enough to provide Cr to fulfill the later pro-
cess, the matrix of the composite should be dual
phase a+ B. The present study results confirm that
10% of Cr3;C, was enough to convert the matrix of
the composite into single betarstate through the above
two steps. It is noted that an EDAX analysis result
by TEM study shows that the average Cr content in
the matrix obtained by the process using the original
powder with 10% Cr;Cy was only around 4.4%,



. g Trans. Nonferrous Met. Soc. China Feb. 2000

Fig. 2 Scanning electron micrographs of composite layer formed respectively with

(a) 5% Cr3Cs and (b) 10% Cr3C,

Fig. 3 Electron back scattered pattern of a particle in composite layer (a) and selected area
electron diffraction pattern proving it as TiC (b)
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Fig. 4 X-ray diffraction patterns of composite layers formed with
(a) 5% CryCy and (b) 10% CriC, respectively

which is obviously lower than the values listed in of the interface of TiC/ B-Ti and the corresponding
Table 1. From this fact one may understand that the selected zone electron diffraction patterns of both TiC
laser induced rapid melting-solidifying norequilibrat- and BTi It may be seen that the interface between
ed process may play a role in enlargement of the beta the two phases is sharp and clear, thus the bonding

phase regime. Fig. 5 shows a TEM bright field image between the two may be metallurgical.
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Fig. 5 TEM analysis results of TiC/ B-Ti composite
(a) —Bright field image of a particle; (b) —Diffraction pattern of TiC; () —Diffraction pattern of BTi

4 CONCLUSIONS

1) TiC/ BTi composite coatings were successful-
ly built up on the surface of Ti6A14V alloy from Cr3C»
and Ti powder mixture through laser induced melt-
reaction processes. T he imrsitu formed TiC particles
were uniformly dispersed in the matrix, which en-
sures the uniform microstructure of the composite
coating.

2) As a betaphase stabilizer, the released Cr
from Cr3Cs may be solved into the alphaT1 based sur-
face layer, thus converting it into betastate during
the laser processing.

3) The interface between the irsitu formed TiC
particles and the matrix is sharp and clear. The laser
induced composite coated to the substrate shows a
good integrity between the in-situ formed TiC parti-

cles and the TigALtV matrix.
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