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[ Abstract] The compressive creep behavior at 1200~ 1400 C of an irrsitu synthesized MoSiy30% SiC ( volume frac
tion) composite and a traditional PM MoSiy30% SiC ( volume fraction) composite is investigated. The creep rate of the

irr situ synthesized MoSiy30% SiC ( volume fraction) composite is about 10” ’s™ ' under stress of 60~ 120 MPa, and sig-

nificantly lower than that made by PM method above 1300 C. The reason is that the interface between SiC particle and

MoSi; matrix in irrsitu synthesized SiC,/ MoSi, is of direct atomic bonding without any amorphous glassy phase, such as

Si0, structure. Creep deformation occurs primarily by dislocation motion and the dislocations have Burgers vectors of the

type of €110 and {100).
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1 INTRODUCTION

The reaction thermodynamics sequence of the
phase formation and the microstructure in the inrsitu
reactive sintering in Mo-SrC ternary system were
systematically investigated. Based on these funda
mental studies, MoSi, based composites reinforced by
SiC particle have been successfully synthesized. The
interface in the composites has been confirmed to be
clean''™ *. The investigation on mechanical behavior
of imsitu synthesized SiC,/MoSi, composite have
shown that the fracture toughness, Vickers hardness
at room temperature and high temperature compres-
sive strength are significantly higher than those of
monolithic MoSi; and commercial powder metallurgi-
[5-71 T4 date, there have

been relatively few studies on the relation between

cal SiC,/ MoSi, composites

creep properties and microstructure of MoSi> compos-
ites. This paper concentrates on creep behavior and
mechanism of inrsitu synthesized SiC,/ M oSi, compos-

ite at 1200~ 1400 C.

2 EXPERIMENTAL

Two materials are included in this study: a com-
posite reinforced with 30% SiC ( volume fraction)
synthesized in-situ and a powder metallurgy ( PM)
MoSir30% SiC ( volume fraction) composite fabrr

cated by consolidating a commercial MoSi> powder
and SiC powder. Both materials were produced by
hot-pressing the composite powder at 1740 C and
40MPa for 2h in Ar. THNO3+ 4HF+ 2H,0 reagent
was used to etch the grain boundaries of MoSi, grains
in the composite. Microstructures are examined by
optical microscope, S-250, H-800 and JEOL-2010F.
The size and spacing of the SiC particles are measured
using [AS-4 image analysis system.

Archimedes method was used to calculate the
bulk density of these materials with a precision of
0.0001g. The porosity of the samples is given by

0= (1- ) x100% (1)
P is the actual density and ) is the theoreti
cal density of the materials. The theoretical density of

where

the composite can be given by

P= Qv (2)
where (@ and V; are theoretical density and volume
fraction of the phase i. The theoretical density of
MoSi, and SiC are 6.27 g/ cm’ and 3.27 g/ cm’, re-

spectively.

The compression creep specimens w ere rectangu-
lar parallele-piped with dimension of 3.0mm X
3.0mm X 6. 0mm cut from the original disks. Com-
pressive creep experiments were conduted at 1200~
1400 C in vacuum under applied stress of 60 ~
120 M Pa. Upon completion of a test, specimens were
cooled rapidly under stress to retain the de- formation
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microstructure. Thin foil TEM specimens were pre-
pared by sectioning a disk from the center of each
rectangular parallele-piped specimen and were exam-
ined using a Hitachi H-800 operated at 120kV. High
resolution electron microscopy (HREM) experiments

are carried out using a JEOL-2010 operated at
200kV.

3 RESULTS AND DISCUSSION

3.1 Microstructure

In the TEM image of the insitu synthesized
SiC,/ MoSi, composite, it can be seen that white SiC
particles mainly distribute on grain boundaries of the
MoSi> matrix and especially triple-point junctions.
The SiC particles, sized 2 ~ 5Hm,
spherical or equiaxed, with some facet characteristics
(as shown in Fig. 1(a))!®°'. As it is observed in the
lattice image of the imrsitu synthesized MoSir
30% SiC composite, the bonding between MoSi; and
SiC is directly atomic, without any amorphous struc
ture of the SiO; type (as shown in Fig.2). The
bonding energy at the MoSiy/ SiC interface is higher
than that at the MoSiy/ SiO, interface, hence the re-
sistance against crack propagation is enhanced. The

are generally

interface is characterized as an atomically flat semt co-
indicated by double arrows in
Fig. 2, which consists of the coherent areas and misfit

herent interface,

dislocations among these areas in the SiC phase side.
As a result, the applied load can be effectively

Fig.1 TEM morphology of irrsitu synthesized
MoSi>-30% SiC composite (a), EDPS of black

matrix MoSiz(b) and white particles SiC ( c)

Fig. 2 HREM image of irrsitu synthesized
MoSi>30% SiC composite

(Double arrows show boundary between MoSi, and SiC,

and single arrows are locations of misfit dislocation)

transferred to the SiC without decohesion and the in-
terface energy is lower. However, there is a 0.5~
1. 5nm amorphous layer at the interface in the com-
posite that is prepared by the PM method or XDTM

technique ',

The binding between the matrix and
the strengthening phase decreases due to the existence
of an amorphous layer at the interface.

The size, spacing of SiC particles and porosities
of two materials are described in Table 1. The results
show that the porosity of the PM material is higher
than that of the irrsitu synthesized material. In the
PM materials the SiC particles are nonuniformly dis-
tributed. Some black particles (indicated by the ar
rows in Fig. 3) have been found in the MoSi, matrix,
which are confirmed to be SiO, by EDS and EDPS.
These SiO; particles lead to high porosity in PM ma-
terials, about (0. 864 £0.179) %, which is originat-
ed from SiO, films on the starting MoSi; and SiC
pow der surfaces during the fabrication. However, the
porosity of the imrsitu synthesized material is only

(0. 044 F0. 014) % .

Table 1 Microstructure characteristics of
irsitu synthesized and conventional PM

M oSi-30% SiC composite

. Mean size Mean spacing
Processed Porosity of BiC of SiC
oo ¢ particles/ Bm  particles/ Pm
sty 044 40,014 2.70%1.45 5.72%4.07
synthesized
Powder () g64 40 179 2.35%1.34  4.79 +4.07
metallurgy

3.2 High temperature creep behavior

Fig. 4 and Fig. 5 show the compressive stress —
strain curves for above two composites at 1400 C and
1300 C respectively. High temperature compressive
steady-state creep rates are given in Table 2. The
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Table 2 High temperature compress steady-state creep rates of
in situ synthesized and conventional PM M 0Si>-30% SiC composite
Steady-state creep rate/s™ '
SiCp/ M oSi; composite 1400 C 1300 C 1250 C 1200 C
80 M Pa 80 M Pa 100 M Pa 120 M Pa 120 M Pa 120 M Pa
Iirsitu synthesized 9.7x10"’ 2.2x1077  4.2x1077  8.3x107’ 3.7x 1077 1.5%x1077
PM 3.6x10° 2.5x1077  5.4x1077
R M results show that irrsitu synthesized SiC,/ M 0Si, com-
v * posites are more applicable at high temperatures espe-
t"' =3 cially above 1400 C due to high creep resistance. At
""* 1200~ 1400 C and 60~ 120 M Pa, the steady creep
L% _."“. rates of the imsitu synthesized materials is 10” 's™ .
. &' il ) The result at 1300 C and 80MPa reveals that the
A ,ﬁf‘l- high temperature creep resistance of the inrsitu syn-
AL 3 B thesized material is similar to that of the XD™ com-
e posite materiall'” and is higher than that of hot-
T, pressed whisker reinforced composite made at Los
F Alamos National Laboratory!'"!, despite the differ
25 pm ence in volume fraction (20% whiskers vs. 30% par-

Fig. 3 Optical micrograph of
PM MoSiy30% SiC composite
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Fig.4 Creep curves for insitu synthesized
and PM M o0Si>-30% SiC composite under
stress of 80 MPa at 1400 C
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Fig. 5 Creep curves for insitu synthesized

and PM M oSi;30% SiC composite at 1300 C

ticles). However, the steady creep rate of the con-
ventionally PM materials in the same conditions is ob-
viously higher than that of in-situ synthesized materr
als due to the high porosity which results in the diffu-
sion of the vacancy and movement of atoms. At
1400 'C and 80 M Pa, the steady creep rate of the PM
materials increases to 5.4 x 10" ®s™ ' (‘as shown in
Fig. 4). It is believed that the creep behavior of the
PM composites changed above 1300 ‘C due to the im-
purity concentration and the softening of amorphous
phase films along MoSi, grain boundaries formed dur-
ing the fabrication, which causes interface to slide
easily.

The steady creep rates are achieved for a range of
stress levels from 60MPa to 120MPa at 1300 C,
and these are plotted as a function of applied stress in
Fig. 6. Other creep data of a 20% SiC w hisker-rein-
forced MoSiy and XD™ 30% SiC,/ MoSi, composite
under the same condition are also given as a compari-
son. The creep data indicate power-law type constitu-
tive behavior, i. e. 0" <€ The stress exponent of the
irsitu synthesized material is approximately 3. 0, and
that of the conventionally PM material is 4.0. In
other work, Sadanada et all'"! reported that the expo-
nent n value was about 3 for the 20% SiC whisker
reinforced MoSi, at 1200~ 1400 C, Suzuki et al re-
ported 3.5 for the 30% SiC XD™ composite at 1050
~ 1300 C and Lavernia et al reported 2. 5 for the low
pressure plasma sprayed 9% SiC/ M oSiz( volume frac-
tion) below 1300 C and 1.5 above 1300 C''*.

Apparent creep activation energies are calculated
from creep rate and temperature under selected pres-
sure according to the Arrheniu function:
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Fig. 6 Comparison of creep data obtained presently
and reported in Refs. [ 10] and [ 11] at 1300 C

AG= Rln g/(—TLZ— —TLI) (3)

The apparent creep activation energies for the in-
situ synthesized SiC,/ MoSi, composite is 330 kJ/ mol
(as shown in Fig.7). Lavernia et all ' reported
300kJ/ mol for the low pressure plasma sprayed

MoSir9% SiC ( volume fraction) below 1300 C and
190 kJ/ mol above 1300 ‘C!'*I.
ported 300~ 600 kJ/ mol' "> ',

Other researchers re-

Fig. 7 Dislocation structure in insitu
synthesized M 0Si>-30% SiC composite after

creep at 1300 C and 120 M Pa
(a) —{ 331] zone axis; (b) —110] zone axis

3.3 Creep mechanism

Generally, the creep mechanism can be deter
mined by the values of stress exponent and apparent
creep activation energy. That the exponent n is about

3 for the insitu synthesized materials and 4 for the
commercially PM materials indicates that the creep
process is controlled by the dislocations motion.

The TEM investigation reveals that the density
of matrix dislocations increases rapidly in the irrsitu
synthesized SiC,/ M oSi; composite samples after creep
at 1200~ 1400 C. It is can be found also that these
dislocations distribute nonuniformly and have a ten-
dency to form the subgrain boundaries and networks.
Dislocation substructures in the SiC,/ MoSi, composite
after creep at 1300 C and 120MPa are shown in
Fig. 7(a) and (b) with zone axis of [ 331] and [ 110]
respectively. Analysis of the dislocations reveals that
the glide dislocations have Burgers vectors of the type

(100> and €110?, which is different from the results

in the report for XDTM materials!'” . It can be con-

cluded that (100) type dislocations glide during the
creep process and 110 type dislocations climb and
absorb the gliding dislocations which results in the
formation of the subgrain boundaries and dislocation
networks respectively. With the creep temperature
increasing, the recovery and dislocation structures
seem to occur apparently. The TEM image of the dis-
location structures under different double-beam condi-
tion is shown in Fig. 8. Table 3 indicates the disloca
tion contrast regularity under different g.

The interaction between MoSi, matrix and SiC
particles can be found in the composites. The matrix
dislocations pile up around the SiC particles, as

Fig.8 TEM morphologies of dislocations
(a) —g=[103]; (b) —g=[110]
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Table 3 Dislocation contrast regularity taken with different g

Dislocation — — — & — — — Burgers
[213] [013] [103] 110 [112] [110] vector
Type 1 Visible Visible Visible Invisible Invisible Invisible [ 110]
Type 2 Visible Invisible Visible Visible Visible Visible [ 100]
Type 3 Visible Invisible Visible Visible Visible Visible [ 100]
shown in Fig. 9. Glide during creep is impeded by the 1999, 35: 408- 411.
SiC particles around the grain boundaries, which pro- [3] ZHANF; Larqi, SUN Zu'.qing’ Y.AN.G W?“g' yue, ©f al.
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