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[ Abstract] The MosSi; base alloys with a series of transition metal elements were prepared by arcmelting, and were

annealed at 1250 C in vacuum for 24 h. Ternary alloying effect was investigated by X-ray diffractometry (XRD), optical

microscopy, scanning electron microscopy (SEM) and energy dispersive spectroscopy( EDS). The EDS results show that

Zr, Ti, Co and V have certain solubility in homogenized MosSiz, which are determined to be 2.20 *1.42,
15.94 £0. 18, 3.33 0. 76 and 7.43 £0.22 (mole fraction, %), respectively. Microstructural characteristics indicate
that all studied alloys have a two phase microstructure, i. e., MosSi; matrix and the second phase Mo37ZrySis3,

MogsSiigT 115, MoCoSi or (Mo, V)3Si.
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1 INTRODUCTION

Silicides are used as various protective coatings a-
gainst wear, corrosion and oxidation, and as integrat-
ed circuit films because of their high hardness, high
electrical and thermal conductivity and good oxidation
resistance at high temperatures. In particular, MoSi
is put into industrial production as heating elements in

1.2 Meanwhile, refracto-

high-temperature furnaces
ry silicides are promising candidate materials for high
temperature structural applications because of their
high melting point, high elastic module and good re-
sistance against oxidation and corrosion etc. Now, it
is realized that silicides have great potential for replac-
ing carbon/ carbon composite and ceramic matrix com-
posite under oxidation conditions at temperatures
from 1200 C to 1600 C'*.

MosSi3 is an intermetallic compound of great im-

portance in engineering. It crystallizes in a tetragonal
[ Tts density is 8.24g/cm’. The

Vickers hardness is 12~ 13 GPal®!. The electric con-
- 2[6]

D8, structure

ductivity coefficient is 218 Q*cm Compared
with MoSi;, the melting point of MosSiz is higher
and the high temperature creep resistance of MoSi>-
MosSiz eutectic alloy is better than single phase
MoSis. So MosSiz has received special attention in
high-temperature structural applications as a matrix
or a reinforcing phase. But the poor room tempera
ture ductility and fracture toughness limit its struc
tural utility.

MosSi3 has the alloying potential and the me-
chanical properties of MosSi3 might be improved by

adding a series of alloying elements'®. Firstly, alloy-
ing may lead to crystal structure modification, i.e.,
change from a low-symmetry structure to a high-sym-
metry structure. Secondly, alloying can change the
feature of atomic bonding. Thirdly, alloying may re-
sult in the precipitation of second phases'”’. All these
sometimes contribute to the increase in ductility and
toughness. A welFknown example is that the ductili-
ty of Ni3sAl was dramatically increased by the microal-
loying of boron'®. It is known that Fe, W and Nb
exhibit certain solid solubility in MosSis? and Fe re-
sults in crystal structure modification''”. Likely be-
cause of a large complex unite cell, semrt covalent
bonding and high barrier to dislocation motion, the
increased symmetry of hexagonal MosSizC does not
result in improved toughness or plasticity at room
temperature[ 1,

The purpose of this work is to investigate the
solid solubility of transition metal elements in MosSis
and explore the possibility of microstructure and prop-
erties modification by alloying with some of these
metal elements.

2 EXPERIMENTAL

2.1 Preparation of alloys

High-purity metals (> 99%) were used as start-
ing materials. All the alloys were prepared by the arc
melting process. For each composition, several
remelts were made in order to ensure the homogeneity

of alloys. The composition of the studied alloys are

listed in Table 1.
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Table 1 Composition of studied alloys
AA A A
Sample Alloying element Composition(mole fraction, %) a .
A—MOSSl:;
1* - MosSis O—Mo,Si
0—(Mo, V),Si
0¥ Zr M 04Z1Si3 A O—MoCoS;
0
3* Ti Mo, T iSi3
4# Co M o04CoSi;
5# A% Mo4V Siz

All the specimens used for experiments were ho-
mogenized at 1250 C for 24h in vacuum and slowly
cooled down to room temperature.

2.2 Characteristics of alloys

The instruments used for the microstructural ob-
servation and analysis are a POLYVAR-MET color
optical microscope and a KYKY-2800 scanning elec
tron microscope.

The general phase survey was carried out with
metallographic specimens by using a SIMENS-500 X-
ray diffractometer with CuK, radiation ( A =
1.5406 A). Back-scattered electron micrography
(BEM) and energy dispersive spectroscopy ( EDS)
were used for the identification of some precipitated
phases. The solid solubility of alloying elements was
also determined by EDS.

The microhardness was measured with a
MICRO-DUROMAT 4000 microhardnes tester under
condition of a fixed load (0.5N) and a fixed contact
time ( 10s) .

3 RESULTS AND DISCUSSION

3.1 Phase analysis

The X-ray diffraction patterns of alloys 1¥ ~ 5
are shown in Fig. 1.

For alloy 1", the XRD result shows the co-exis-
tence of MosSiz and a second phase Mo03Si, which is
further confirmed by EDS analysis. The existence of
Mo3Si is perhaps because of the deviation of the actual
composition from the nominal composition.

The XRD pattern of alloy 2* shows the exis
tence of MosSiz. From back-scattered electron micro-
graphs, a second phase can be observed. Its composi-
tion ( apparent composition) given by EDS is shown
in Table 2. According to the 1250 C isothermal sec
tion of Mo-StZr system phase diagram (as shown in
Fig. 2) L8 it is close to phase B (Mog.31Zro.22Si0. 47) -

For alloy 3" , only one phase, MosSis is detected
by XRD. However, a small amount of precipitated
phase is found by metallographic observation at grain
boundaries. The composition of the second phase,
given by EDS, is Mogs Sijo Tiis ( apparent composi-
tion) .

Similarly to above alloys, the XRD patterns of

1>
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Fig. 1 X-ray diffraction patterns of
MosSis-based alloys
(a) —MosSiz; (b) —Mo4ZrSiz; (¢) —MosTiSis;
(d) —Mo4VSiz; (e) —Mo04CoSi3

alloys 4" and 5% show the co-existence of two crys
talline phases. Besides the MosSi3 phase, the second
phases identified by XRD and EDS in those two alloys
are CoMoSi and (Mo, V)3Si, respectively. Phase
analysis results obtained from all five alloys are sum-

marized in Table 2 and T able 3.

3.2 Microstructure of MosSi; base alloys

The microstructure of alloy 1% consists of a
coarse primary phase MosSiz and a dot-like eutectic
mixture of Mos Siz and Mo3Si, according to XRD and
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Table 2 Composition of precipitated phases in ternary MosSi3 base alloys
Alloy  Precipitated Chemical composition of alloy phases( mole fraction, %)

number phase Zr Ti Co \4 Mo Si
T* M o03Si 77.59%0.16  22.4410.16
g Mos7ZrySiss  20.05 £2.91 37.32%2.86  42.63%1.32
3* MogsT iy5Si19 14.60 £3.92 66.08X1.27  19.32%0.99
4* MoCoSi 37.22%0.04 33.83%0.26  28.95%0.27
5* (Mo, V)3Si 9.06F0.18  62.26%0.19  28.68 £0. 13

Table 3 Phases present in
homogenized M 0s5Si3 base alloys

ramir e Teaetione ) Phase
1* - MosSiz, MosSi
¥ 12. 5Zr MosSiz, M o37Zry0Sis
3* 12.5Ti MosSiz, MogsSijoTiss
4* 12.5Co MosSiz, MoCoSi
5* 12.5V MosSiz, (Mo, V)3Si

1250 C isothermal section of
[6]

Fig. 2
Mo-StZr system phase diagram

EDS analysis, as shown in Fig. 3.

In alloy 2% the second phase, Mo037Zr20Siss has
a block-like morphology and discontinuously dis
tributes on the grey MosSi3 matrix, as shown in Fig.
4.

The microstructure of alloy 3* and 5% is similar
ly characterized by the matrix phase MosSiz and the
second phases Mogs Tiis5 Sit9 or (Mo, V)3Si, which
precipitated on the grain boundary, as shown in Figs.
5 and 6.

Fig. 7 shows micrography of Mo-StCo alloy.
MosSiz and MoCoSi exhibit similar morphology, i.
e., long strips parallel to each other. The two phases
are somew hat elongated in a certain direction. Micro-
cracks can be easily seen.

3.3 Solubility of transition elements in MosSi3

Fig. 3 Microstructure of MosSi3 alloy

(a) —Optical micrograph;
(b) —Back-scattered electron micrograph

(]

. 20 ym

Fig. 4 Microstructure of MosZrSi; alloy

The solubility of alloying elements in MosSis,
obtained from as-annealed samples in this study, are
given in Table 4.

It is found that Zr and Co have limited solubility
in homogenized MosSiz; while Ti and V have larger
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Fig. 5 Microstructure of Mo4T iSi3 alloy
(a) —Optical micrograph; (b) —Back-scattered electron micrograph

Fig. 6 M icrostructure of Mo4V Si3 alloy
(a) —Optical micrograph; (b) —Back-scattered electron micrograph

Fig. 7 Maicrostructure of MosCoSiz alloy
(a) —Optical micrograph; (b) —Back-scattered electron micrograph

Table 4 Solubility of transition metal
elements in MosSi3( mole fraction, %)

Solute element Zr Ti Co \%
Solubilit 2,20 15,94+ 3.33% 7.43%
OTubIity 1.42 0.18 0.76 0.22

solubility in homogenized MosSis.
It is pointed out in the theory of alloying that the

atomic size, the electronegativity, the electron con-
figuration and the crystal structure of constituent ele-
ments are important factors affecting the formation
and stability of alloy phases as well as the solubility of
elements. The atomic radius of alloying elements that
are supposed to substitute Mo in MosSi3 are tabulated
in Table 5. If the atomic size factor is taken into ac
count, Ti, V have larger solubility because of their
small atomic size difference relative to Mo.
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Table 5 Atomic radius of substitutions for
Mo in MosSi3 structure

Element Zr Ti Co \Y

Atomic radius/ A 1. 60 1.47 1.25 1.34

r(Me)/r(Mo) 1.1511 1.0576 0.8993 0.9640
r(Me) —Atomic radius of alloying element

3.4 Microhardness of alloy

The microhardness of the alloys is listed in T able
6. The microhardness of the second phase in alloy 2*
and 4" is higher than that of the matrix. On the con-
trary, the hardness of the matrix is higher in alloy
1” . In alloy 3* and 5%, the second phase particles
are so small that their hardness can’ t be measured.

The microhardness of MosSiz phase is 11~ 13 GPa,

which is consistent with data obtained by other au-
thors' ®.

Table 6 M icrohardness of alloys

Alloy  Hardness of matrix Hardness of second phase
number / GPa / GPa
¥ 13. 47 11.97
¥ 11.83 14. 49
3* 11.42 -
4* 13.26 14. 66
5* 13. 46 -

4 CONCLUSIONS

1) The transition metal elements Zr and Co have
limited solubility in homogenized MosSiz which are
determined to be 2.20 *1.42, 3.33 £0.76 ( mole
fraction, % ) respectively. Under the same condition,
transition elements Ti and V exhibit larger solubility,
which are determined to be 15.94 £0.18, 7.43 %
0. 22 (mole fraction, %), respectively.

2) All studied alloys have a two-phase mi
crostructure. Besides the MosSiz matrix, a second
phase is present in those alloys, such as M 037Zr20S1i43,

MogsT 1155119, Mo0CoSi or (Mo, V) 3Si.

3) The morphologies and volume fraction of the
second phase in homogenized MosSiz base alloys are
dependent on the alloying elements and different from
each other.
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