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Abstract: Zirconium boride reinforced NbMo-matrix composites with composition of 42.5%Nb+42.5%Mo+15%ZrB, (vol%) and
42.5%Nb+42.5%Mo+10.5%2ZrB,+4.5% SiC (vol%) were fabricated by hot-pressing under an uniaxial load of 30 MPa at 1600 <€ in
Ar atmosphere with holding time of 1 h and 2 h. The microstructure and phase composition were analyzed by SEM, EDS and XRD.
The mechanical properties were measured by Micro Vickers and hydraulic universal tester. Results show that small ZrB particles are
distributed uniformly in NbMo solid solution. Residual SiC and formed MoSi, are found in the samples with SiC. The compressive
strength is improved to 1974.17 MPa from 1380.15 MPa of the NbMo solid solution. The yield stress is improved to 1664.13 MPa
and the hardness is 3~5 times higher than that of NbMo. The longer holding time (2 h) leads to the higher strength, yield stress and
hardness. The increase in strength and hardness of the composites is a consequence of the solid solution strengthening mechanism
and the excellent interface bonding between ZrB and Nb-Mo solid solution.
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The properties of high strength and fracture toughness at
high temperatures as well as excellent thermal shock re-
sistance make the refractory alloys play a very important role
in high temperature industries, such as aviation and rocket en-
gine, space nuclear power systems and gas turbines. Particu-
larly, niobium (Nb) and molybdenum (Mo) alloys are more
widely used than other refractory alloys. Nb and Nb-based al-
loys have a widespread use in the aerospace industry for their
high melting points and strength at high temperatures and
good corrosion resistance™?. Major drawback of Nb and Mo
alloy are their low oxidation resistance and poor strength at
high temperature above 1200 €€ which seriously restricts their
practical application at high temperature field. As a result, one
effective way to improve the high temperature oxidation re-
sistance and high temperature strength of NbMo alloy is
strictly needed . To address this issue, zirconium boride, ti-
tanium carbide particles were used as ceramic strengthening
phase in Nb and NbMo-alloys.

ZrB,-matrix materials have been used broadly in the

Received date: September 25, 2016
Foundation item: National Natural Science Foundation of China (11372110)

air-crafts, high-temperature electrodes etc [ because of high
strength and melting point, chemical stability, unique re-
sistance to thermal shocks, good electrical and thermal con-
ductivity ®!. However, it is difficult to prepare dense ZrB, ma-
terials at low-temperatures for their high melting point and
strong covalent bonding. Densification of ZrB, without any
additive needs to be hot-pressing sintered at 2100~2300 €.
Moreover, the weakness of ZrB, is its brittleness and low
toughness. Previous studies suggested that by adding ceramic
particles as the second phase to other high toughness materials
or adding metal elements in the ceramics matrix, the excellent
performance is achieved. SiC is known for high temperature
oxidation resistance above 1200 € because of the formation
of silicate glass as a protective layer. Many researchers studied
ZrB,-SiC composites and found that oxidation resistance of
the composites could be improved by adding SiC into ZrB,
[7-91

In order to improve the toughness of ZrB, based ceramics,
Sun et al ™ studied the microstructure and mechanical proper-
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ties of Nb-ZrB, composite by hot-pressing sintering process.
The results showed that the fracture toughness and strength
were improved markedly with Nb addition. Y. Tan et al***?
prepared NbMo-ZrC composites by arc melting, and the results
showed that the compressive strength of NoMo-ZrC alloy was
significantly improved due to the addition of Mo. However the
ceramics particles ZrB, reinforced NbMo solid solution matrix
composites haven’t been fabricated by now and the mechanical
properties haven’t been measured yet 5%,

Overall, the study of ceramic particle reinforced ultra-high
temperature refractory metal composites is still in experi-
mental stage, and the high temperature mechanical data is still
very limited. In the present work, we fabricated NbMo-based
composite reinforced by zirconium boride particles using
hot-pressing successfully. The dopant of SiC was used to im-
prove oxidation resistance. The objective of this paper is to
explore the feasibility of preparation of zirconium boride re-
inforced NbMo-matrix composites and analyze the effect of
holding time and additive SiC on the mechanical properties.
The improvement of strength and oxidation resistance in high
temperature and ultra-high temperature will be achieved
through different process parameters.

1 Experiment

Five powder mixtures were prepared (vol%) and two kinds
of holding time (h) were set:

A0: 50%Nb+50%Mo+2 h

Al: 42.5%Nb+42.5%Mo0+15%ZrB,+1 h

A2: 42.5%Nb+42.5%Mo0+15%ZrB,+2 h

B1: 42.5%Nb+42.5%M0+10.5%ZrB,+4.5%SiC +1 h

B2: 42.5%Nb+42.5%M0+10.5%ZrB,+4.5%SiC +2 h

Different holding time was set to investigated the process
parameters during hot-pressing, A0 was set as contrast, and
material A (A1, A2) and material B (B1, B2) were used for the
study of the difference between different compositions.

Commercially available ZrB, (19~30 pm, purity>99.95%)
and SiC (<43 pm, purity>99.9%), Nb Mo (19~30 pm, puri-
ty>99.95%) powders were used as raw materials in this study.
They were supplied from Northwest Institute for Non-ferrous
Metal Research and Zhu Zhou Cemented Carbide Group Co.
Ltd. China. All the powders were homogeneously mixed ac-
cording to the ratios using a planetary ball mill with stainless
steel milling containers and steel balls. The rotation speed was
set at 200 rmin™ and the milling time was 4 h. After rotation,
the powder mixtures were dried at 120 € for 4 h followed by
being hot-pressed at 1600 € using vacuum induction hot
pressing furnace ZT-30-22Y. After hot-pressing, we acquired
some bulks with the size of 36 mm X25 mmX<10 mm. All the
samples were sectioned into 10 mm>10 mm>4 mm pieces by
wire cut electrical discharge machining (WEDM), and then ul-
trasonically cleaned with alcohol. For phase identification and
microstructure characterization, the surfaces and cross-sections
of the samples were wet ground through successive SiC papers

from 280" to 1200, followed by being polished. X-ray diffrac-
tion patterns were acquired by RIGAKU DMAX-2500 using Cu
Ko radiation, between 26 angles of 10°and 90< Microstruc-
tures were observed by scanning electron microscopy using
ZEISS SUPRA 55 in back-scattered electron mode. Elementary
composition was examined by Energy Dispersive Spectrometer.
The Vickers hardness was acquired using Micro Vickers tester
FM-300 with a load of 1000 g and a dwell time of 20 s. Com-
pression test was conducted in air at room temperature by a hy-
draulic universal tester. The yield stress was calculated using the
data from compression test.

2 Results and Discussion

2.1 Microstructure

XRD patterns of the five materials are shown in Fig.l.
From the diffraction peaks, we can conclude that the main
phases of all the ceramic particles reinforced composites are
NbMo solid solution and ZrB particles, and the peaks of SiC
and MosSi, are found only in B1 and B2. The NbMo solid so-
lution is formed easily during hot-pressing because Nb and
Mo have the same body-centered cubic lattice with the close
lattice parameters 0.3300 nm, 0.3147 nm, respectively. How-
ever, they don’t form homogeneous solid solution. Two kinds
of solid solution can be observed by SEM as shown in Fig.2.
The peak of ZrB indicates that ZrB, resolves during
hot-pressing. B may diffuse into NbMo solid solution, but we
cannot find its peak or element distribution since the amount
of BNbMo solid solution is small and the accurate amount of
B cannot be acquired through EDS. SiC resolve partly, and
MoSi, are formed from resolved SiC and Mo according to the
results investigated by Li et al .

There are three phases in Fig.2b and Fig.2c, the grey
phase, the light grey phase and the small black particles.
EDS analysis reveals that the small black particles are ZrB
particles distributed uniformly in the NbMo solid solution
matrix. Grey and light grey phases are all NbMo solid solu-
tions, but in the grey phase, the content of Nb is more than
the light grey phase.

The elementary compositions of EDS scan are also displayed
in Fig.2. It can be seen that the Al and A2 are free of cracks and
pores; however there are a lot of pores in A0, B1 and B2. The
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Fig.1 XRD patterns of five materials
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Fig.2 Elementary composition (wt%) by EDS analysis for A0 (a), Al (b), A2 (c), B1 (d), and B2 (e)

reason for the existence of pores in B1 and B2 is that the SiC
suppresses the interdiffusion between MoSi, and Nb, and
there are also pores in the interface between the MoSi, and
SiC in Kurokawa K’s experiment ") The elementary com-
posites in Fig.2d and Fig.2e convince the existence of MoSi,
and SiC.

Comparing the elementary compositions in Fig.2b with
Fig.2c, the solid solutions phases distribute more uniformly
during long holding time 2 h which may contribute to the
high strength and hardness. The pores in the A0, B1, B2
signed in Fig.2a Fig.2d and Fig.2e may lead to poor me-
chanical properties.

2.2 Mechanical properties

Fig.3 shows typical examples of compressive stress-strain
curves of the four different alloys compared with single
NbMo solid solution deformed at room temperature. Speci-
mens display a definite stress drop for all the four alloys af-
ter deviating from linear elastic behavior. That indicates that
A and B are all brittle materials. Comprehensive strength
improves significantly compared to the single NbMo solid
solution.

The compression strength and yield stress of the five sam-
ples are summarized in Table 1. The longer the holding time
(2 h), the higher the strength, yield stress and hardness. The

002, on. and hardness of Al are 1263.37 MPa, 1357.58 MPa,
5700 MPa (HV) and those of A2 are 1664.13 MPa, 1974.17
MPa, 6870 MPa (HV), respectively. B1 and B2 have the same
tendency. This phenomenon is in good agreement with the
change in the microstructure. It appears that the maximum
solid solution effects can be achieved when the Nb/Mo ratio is
around 1. High mechanical properties are the consequence of
the component uniformity of NbMo-matrix as discussed
above.

The dopant of SiC decreases the reinforced influence of
ZrB, particles as shown in Fig.3. This phenomenon is due to
the pores in B1, B2 signed in Fig.2d, Fig.2e, respectively. As a
result, the improved bonding of interface between ceramic
particles and NbMo-matrix enhances the strength, hardness
and yield stress when comparing material A with porous mate-
rial B.

Table 1 Mechanical properties of five materials

. Yield stress ~ Compress strength HV/X10
Material
O'o‘lePa O‘bo/MPa MPa
A0 1038.74 1380.15 184.1
Al 1263.37 1357.58 570
A2 1664.13 1974.17 687
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