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1- Introduction

Carbides of Group V-V transition metals have very high
melting points (3000-4000 °C) and are rated as refractory
carbides. Zirconium diboride (ZrB2) is one of the most
stable borides that has a hexagonal structure and is made
of two-dimensional networks of atoms and includes B-B,
Zr-Zr and Zr-B bonds. In recent years, densification of
ZrB2 without reducing the desired mechanical properties
has been very much considered. This research is designed
to investigate the effect of the addition of ZrC on the

microstructure and mechanical properties of ZrB2
composites reinforced with graphene nanosheets (gnp).
For this purpose, three composites were separated by spark
plasma sintering (SPS) at a temperature of 1900°c for 7
minutes and a pressure of 40 MPa. The sintering behavior,
microstructure and mechanical properties of the resulting
composite were also evaluated.

2- Experimental procedure

In this research, Zirconium Diboride (with size <10
micrometers, northwest institute for non-ferrous, metal
research, china), Zirconium Carbide (with size <20
micrometers, alfa company) and Graphene (with diameter
<4-12 pm thickness: 2—-18 nm, research grade Graphene
nanoplatelets powder, usa, was used as raw materials.

According to the test design, ZrB2 and ZrC powders
were mixed together in the presence of ethanol for two
hours at a speed of 200 rpm. To prevent the accumulation
of graphene particles, they are dispersed separately in a
solution of about 70 cc of ethanol for 20 minutes by
ultrasonic method. Then the powders obtained from the
grinding process are placed in a mortar at a temperature of
110°C for 24 hours. Sintering was done with plasma spark
using the device at a temperature of 1900 °C.

Bulk density and theoretical density of sintered
samples were determined by Archimedes method and
mixing law, respectively. X-ray diffraction method (XRD:
philips, pw 1730) with monochromatic cu-ko radiation in

the 20 range of 10°-80° was used to determine the phase
composition of the powders. FESEM, (vegaltescan)
equipped with eds detector (oxford instruments) was used
to evaluate the microstructure and elemental distribution.
Three-point bending test machine (santam stm-20, iran)
was used to measure the mechanical properties. Vickers
hardness was measured using akashi-mvk-h21 macro
hardness tester (japan) with an applied load of 30 kg and a
dwell time of 5 seconds.

3- Results and discussion

In figure 1, the stratified FESEM image of ZrB2-c
composite containing different ZrC functionalities (0, 10,
20 and 30% by volume) is presented. The gray background
belongs to the ZrB2 phase and the black areas belong to
pores and graphene and the light gray color belongs to ZrC.

Figure 1, FESEM images of polished surfaces of pure zrb2
ceramics and zrb2-g ceramics with different amounts of
ZrC (10, 20 and 30% by volume)

To ensure the identification of the phases formed in the
microstructure, the XRD results of ZG30ZrC sample are
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presented in figure 2. It is known that the microstructure
only includes ZrB2, ZrC, and graphene phases and during

Table 1. Relative density, hardness, bending strength and
fracture toughness of samples with pure zrb2

the sintering process, no reaction between the raw
materials was done and no new phase was formed. Result
- 282y Composite
zc® T 7 § S
C . — o X —~ - E T II
B2z | 95| 522 558
S5 | Tg |~z 5 23
ZRB:> 81 16.6 290 2.9
ZG 94.7 10.6 515 3.1
v 2G10zrC 100 23.2 577 4.05
I 2G20zrC 100 255 597 49
b Siccsiath ! Rt ZG30ZrC 997 | 1764 | 588 4.46
0 10 20 30 40 50 60 70 80 9

It can be clearly shown that graphene has been able to
function well as a sintering aid and has increased the
bending strength. In the amount of 20% by volume of ZrC,
the bending strength has increased and reached 597 MPa,
and in the higher amount of 30% by volume of ZrC, the
bending strength is equal to 588 MPa, which shows that
the bending strength has decreased slightly.

Figure 2, XRD pattern of ZG30ZrC sintered composite

figure 3 and table 1 show the effect of adding ZrC on the
mechanical properties. The addition of 5% by weight of
graphene in the ZrB: field has had significant effects in
increasing the relative density in the zg sample of about
94.7% compared to the pure ZrB; sample (81%).
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Figure 3, The effect of adding 10, 20, 30 ZrC on the mechanical properties of zrb2 base ceramics

By adding 10, 20, and 30 percent by volume of ZrC,
the fracture toughness of 4.05, 4.9, and 4.46 has been

obtained, respectively. In the values of 10%, the fracture
toughness increased by about 20% compared to the zg
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sample, which shows that addition of ZrC along with
graphene increased the fracture toughness by activating
the toughness mechanisms. Figure ¢ shows the crack
propagation path of all composite samples containing
different amounts of ZrC. It is clear that in these samples,
especially samples containing 10 and 20% of ZrC, the

Crack Deflection
A

activation of toughness mechanisms (crack deflection and
branching) has increased the fracture toughness.

The fracture surfaces of ZrB,-ZrC-gnp composites can
be seen in figure °. In all samples, the fracture is mainly
intergranular. It can also be seen that the graphene sheets
are placed at the boundary between the grains (indicated
by the arrow).

ZRB2-10% TAC-GNP |

Figure 5, FESEM images (BSE mode) of fracture surfaces of zrb2-zrc-gnp composites with different amounts of ZrC: a) 10
vol%, b) 20 vol%, and c) 30 vol%.

4- Conclusion
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The effect of addition of ZrC on the microstructure,
density and mechanical properties of ZrB, composites
reinforced with graphene nanoplatelets (GNP), were
investigated by fabrication of three composite groups
through spark plasma sintering (SPS) at a temperature of
1900°c for 7 minutes under a pressure of 40 MPa. The
sintering behavior, microstructure and mechanical
properties of the resulting composite were also evaluated.
The results showed that the presence of gnp alone and
together with ZrC greatly increased the relative density
(full density). Maximum hardness, bending strength and
fracture toughness of 25.5 GPa, 597 MPa and 4.9 MPa. 0.5
m was obtained for the ZrB2-GNP composite doped with
20% by volume of ZrC, respectively.
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The Effect of adding Zirconium Carbide and Graphene Nanoplatelet on The Microstructure and
Mechanical Properties of ZrB2-Base Composite

Milad kheyrolahzadeh Zohre Balak Mahdi Azizieh Mehdi Shahedi Asl

Abstract In this research,, in order to investigate the effect of adding ZrC on the microstructure and mechanical
properties of ZrB2 composites reinforced with graphene nanoplates (GNP), three composites were sintered through
spark plasma sintering (SPS) at a temperature of 1900°C for 7 minutes under a pressure of 40 MPa. The sintering
behavior,, microstructure and mechanical properties of the resulting composite were also evaluated. The relative density
was measured by the Archimedes method. XRD and EDS analysis were used to check the chemical composition and phase
identification. Field emission scanning electron microscope (FE-SEM) was used to evaluate the microstructure (grain
size and porosity). Bending strength,, hardness and fracture toughness were determined by three-point bending test,,
Macro Vickers and Single Edge Notch Beam (SENB) respectively. The results showed that the presence of GNP alone
and together with ZrC increases the relative density significantly (99.7%).In addition, full densification was achieved by
adding 10 and 20% by volume of ZrC compared to pure ZrB2 ceramics with a relative density of 81%. The maximum
hardness, bending strength and fracture toughness of 25.8 GPa, 597 MPa and 4.9 MPa m0.5 were obtained, respectively,
for the ZrB2-GNP composite reinforced with 20% by volume of ZrC.

Keywords ZrB, ceramic, microstructure, Hardness, Fracture Toughness, Spark Plasma Sintering.
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