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[ Abstract] A new kind of method, co-sedimentation method, was used to fabricate functional gradient material( FGM)
in order to eliminate the interfaces in gradient materials. The deposit bodies obtained from the sedimentation of Ti and Mo

particles were densified at 1 673 K under a pressure of 20 MPa in flowing argon for 1 h. Finally , T Mo system FGM with

continuous change of composition was successfully prepared. The results reveal that the sedimentation method is an effec-

tive way to manufacture FGM with continuous change of composition. Moreover, the results also show that the composi-

tional gradient of FGM can be adjusted in a wide range through both particle size distribution and the ratio of powders .
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1 INTRODUCTION

Functionally graded materials( FGM) is a new
kind of nomr homogeneous composites[1 1. Widespread
attention has been paid to such kind of materials for
its superior characteristics and novel design ideas and
important application background. It is well known
that formation process is one of the key points for the
application and development of FGM?2!. To satisfy
the needs of different application conditions, many
methods such as gas-phase deposition ( PVD and
cvD)l3!,
sis (SHS)[4], plasma spraying, powder metallurgy

self-propagating high-te mperature synthe-

(PM)[°Tetc have been recently developed. Particular
ly, PMis considered to be not only one of more con
venient and promising ways to fabricate large tiles but
also one of the most popular ways in the research of
FGM.
Nowadays, PM method often uses powder
stacking way involving consolidation of layered green
compacts, i.e. according to the design request, two
kinds of powders are uniformly blended into different
ratio mixtures and then the mixtures are stacked layer
by layer in a die in turn and finally sintered. Such a
stacking way results in component steps in the sin-
tered samples, which limits the exhibition of the su-
perior characteristics of FGM in practical application .
Other methods mentioned above are good for micro-
scopic gradient layers under the given conditions , but
their own defects such as expensive device and prod-
ucts with high porosity and low strength restrict their
practical applications . In order to solve the problem,

this article reports a new kind of way, cosedimenta-

tion[ﬁ], through which particles are consecutively
stacked in homogeneous suspension liquid. Such way
can easily eliminate the inner interfaces of FGM and
realize a s mooth variation of composition. In the pre-
sent research , we successfully prepared Tt Mo syste m
FGM 7! with continuous change of composition by co
sedimentation . Such FGM can be applied in dynamics
high- pressure technology .

Cosedimentation method is developed based on
the phenomenon that small particles in dilute suspen-
sion liquid can continuously settle. In the laminar
flow ( Re 1) the movement of a particle can be de-

scribed by Stokes lawt®!

V= Dg(g- a/187 (1)
where V' is the settling velocity of particle ; Dis the
particle diameter ( If it is not spherical, D is the
Stokes diameter of the particle) ; ¢ is the gravity ac-
celeration ; pis the viscosity of suspension liquid.

From Eqn.(1) , it can be concluded that the set-
tling velocity of particle varies directly with the square
of D and inversely with ;. So the settling velocity
can be controlled through D and z.

2 SEDI MENTATION AND SINTERING

2.1 Sedimentation experiment
2.1 .1 Effect of particle size distribution on gradient
structure of Tr Mo

In order to investigate the effect of particle size
distribution on Ti Mo gradient layer, Ti powders
with different particle size distributions were selected
to carry out the experiment when the other factors

were unchanged. In Table 1 , the description of sam-
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Table 1 Sample characteristics
Ti powder Mo powder )
Sample . . . o « Ti)/ « Mo)
w/ g Particle size distribution Dsyo,/ pm w/ g Particle size distribution Dsgo,/ um
17 14 .34 Fig .1 (a) 11.70 16 .25 Fig .2(a) 4.20 201
2 # 14 .34 Fig .1 (a) 8.13 16 .25 Fig .2( a) 4.20 201
3 10.75 Fig .1(b) 8 .63 24 33 Fig .2( b) 3.10 1:1
4# 14 .34 Fig .1(b) 8 .63 16 .25 Fig .2( b) 3.10 201
100 ) 2.1.2 Effect of ratio of powder Ti to Mo on gradi-
sob 2 ent layer
The powders with different ratios of Ti to Mo

60} o—1* were chosen to conduct the sedimentation experi

40} a—2* ments . The relative data about the 3” and 4” sa mples
* are listed in Table 1 and shown in Fig.2.

E 20} The masses of Ti and Mo powders listed in Table
3 ) , . , 1 were put into alcohol to make homogeneous suspen-
§ 0 7 14 21 28 35 sion liquid with the volume ratio of 0.6 % between
g solid and liquid, and then the suspension liquid was
g 100 (b) e transferred into the sedimentation device to start ex-
-g 80} periment .
C eof
2.2 Sintering
Aor The steps involved in the sintering of the gradi-
20r ent Ti Mo specimen included drying deposit bodies,
, . . taking them out of the sedimentation device, com-
0 5 10 15 20 25 30 35 40 45 pacting , transferring them into the graphite die and
Particle size/um finally consolidating at 1 673 K under a pressure of 20
MPa in flowing argon for 1 h.
Fig.1 Cumulative distribution of Ti powder
(a) =1 " and 2% ; (b) —3" and 4" 3 RESULTS AND DISCUSSION

100 (a) The distributions of elements Ti and Mo along

so} the cross section of Ti Mo system FGM were mea-

sured by electron probe and the results are shown in

60r Fig .3 .

40} It can be seen from Fig.3 that the continuously
§ gradient structures have been formed in Ti Mo sam-
8 20f ples just as expected. Fig.3(a) and (b) suggest that
,E 0 n é 1'2 1I6 20 when the particle size distribution of Mo powder is
;3 unchanged, the compositional gradient of T+ Mo sam-
£ 100, ple can be adjusted through varying Ti powder. It is
:S 80-(b) known that the particle size distribution is described

by two parameters , particle size and content of each

g 60} particle size , and that one or two parameters change
can lead to the change of particle size distribution.

aor Based on the previous analysis, it is known that the

201 change of particle size can affect setting time. How-

, ) , X ever, the setting time directly determines the position

0 3 6 9 12 15 of particle in the deposit body . In addition, it is obvi
Particle size/pm ous that the content of each particle size directly influ-

ences the Tr Mo volume ratio of corresponding gradi-

Fig.2 Cumulative distribution of Mo powder ent layers. Therefore , the compositional distribution

(a) —1*and 2% ; (b) —3% and 4"

ple 1 # and 2% with different particle size distributions
is given, and Fig .l shows the cumulative distribution
of Ti powder.

of FGM can be controlled by choosing the particle size
distribution of Ti or Mo powder.

Fig .3(c) and (d) reveal that when the particle
size distributions of Ti and Mo are unchanged, the
compositional distribution of Tr Mo sample can also
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Fig.3 Back-scattered electron images for cross section of Tt Mo system FGM and
line distribution images of ele ments Ti and Mo in direction of thickness

(a) —1°*

be altered through adjusting the ratio of powder Ti to
Mo . It is thought that the change of powder ratio di-
rectly changes the volume content of Ti or Mo powder
in the mixture .

Fig .3 (b) provides a special type of gradient
structure different from the others shown in Fig .3 . It
is like a sandwich , if a desired structure is that the
volume fraction of Ti decreases gradually from one
side with pure Ti to the other side with pure Mo.
Fig .3(b) indicates that a defect of compositional dis-
tribution exists in the sample . Such is not unavoidable
in the process of experiment . Based on the above dis-
cussion, we know that such defect can be eliminated
through selecting the particle size distribution of pow-
der Ti or Mo and the ratio of powder Ti to Mo.
Therefore it is a key problem to be solved im mediate-
ly, i.e. how to choose the particle size distribution
and the ratio meeting the design needs. However, if a
mathe matical model of sedimentation is set up and
simulated through computer, the compositional distri-
bution and properties of gradient material would be
predicted and an optimal result would be rapidly de-
termined . So the goal of freely designing and fabricat-
ing FGM is to be achieved.
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