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Abstract

SiC particles with 8wt.% magnesium alloy powders as additives were mixed followed by annealing at 280 and 400 °C for 1 and
4 h. The particle size, phase condition, morphology and compositions distribution were analyzed using laser diffraction analyzer,
X-ray diffraction (XRD), scanning electron microscopy (SEM). It was found that particles mixed homogeneously before annealing.
Annealing processes have a positive effect on the decrease of magnesium alloy particle size. It has almost no effect on magnesium
alloy particle size with increasing the annealing duration at 280 °C. However, the diameter of magnesium particle decreased
obviously with increasing the annealing duration at 400 °C. Magnesium alloy particles annealed at 400 °C is smaller than that of the
280 °C ones under the same annealing duration. Si component was observed in powder annealed at both temperatures. Grain size

of SiC was reduced and microstrain was improved with increase of annealing temperature and duration.
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Introduction

Silicon carbide (SiC) is widely used in structural and functional
materials [1-4]. Metals are widely used as additives in sintering SiC
ceramic [5]. During sintering process, metals play a bonding role
among SiC particles, which promote formation of sintering necks.
In this way, densification process of SiC particles is accelerated
[1,6]. In order to obtain ideal microstructure, the SiC powder is
often pre-treated, such as coating additives and refining particles
[7,8]. However, traditional methods require special instrument or
take a long time. As we all know, diffusion occurs during annealing.
While, microstructure and properties will be changed. This work
intends to report effect of annealing processes on SiC-Mg mixture
powder with different temperature and duration. Morphology,
microstructure and component evolutions were characterized by
X-ray diffraction and SEM. Finally, average grain size and micostrain
of SiC were discussed.

Materials and Method

SiC powder (purity > 99%) and 8wt.% magnesium alloy
powder (purity > 99%) were used as the raw materials in the
present study. The powder was mixed in a three-dimensional
mixing machine for 2 h. The mixture was then poured in a glass
tube with argon atmosphere. The mass of powder is 15 g in each
group. Annealing processes were conducted using a SRJX-8-13 heat
treatment furnace. Annealing temperature was set as 280 and 400
°C with 1 or 4 h separately. The 280 and 400 °C are temperatures
of stress relief annealing and full annealing separately, and 1 and 4
h are general designed according to annealing time of magnesium
alloy. Powder annealed at 280 °C for 1 hour was termed as Powder
1 and the 4 hour one was termed as Powder 2. Similarly, Powder
annealed at 400 °C for 1 hour was termed as Powder 3 and the 4
hour one was termed as Powder 4. Mass of powder was measured
using an electronic balance. The particle size distribution was
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characterized using a laser particles analysis. The phase condition = component were characterized using a LEO1450 SEM with an
was characterized using an XRD analysis with Cu target between Energy Dispersive Spectrometer (EDS).
30° and 80° at a 0.02°/sec step at 35 kV/40 mA. Morphology and

Results and discussion
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Figure 1: Morphology and particle size distribution before annealing A) Morphology of SiC particles, B) Morphology of
magnesium alloy particles, C) Particle size distribution of SiC, magnesium alloy and mixture.

Figure 2: Morphology and Si, Mg element distribution of annealed powder A) Powder 1, B) Powder2, C) Powder 3, D)
Powder 4.
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Figure 3: X-ray diffraction patterns of powder samples A) X-ray diffraction patterns, B) Calculated grain size, C)

Calculated microstrain..

Table 1: Particle sizes of magnesium in Powder 1 to 4.

Powders 1 2 3 4

Mg Particle Size/pm 59.33 58.35 50.49 439

As Figure 1A & 1B shows, SiC particles have an irregular
polygon, whereas that of magnesium ones has a lamellar shape.
After mixing, the distribution of particle size exhibits a bi-peak
characteristic, which is similar with those of raw SiC and magnesium
alloy powders, as shown in Figure 1C. The average particle size of
SiC is 3.31 pm and that of magnesium alloy is 86.4 pm. Since the
powders are randomly sampled, it can be considered that SiC and
magnesium alloy powders have been mixed homogeneously. Figure
2 shows morphology of annealed powder, where the distributions of
Si (pink) and Mg (green) elements are inserted in the right side. As
Figure 2 shows, it has almost no effect on the particle morphology
of SiC with different annealing processes. However, both particle
size and morphology of magnesium alloy are affected by the
annealing process. Table 1 lists average particle size of magnesium
alloy according to Figure 2. It has little effect on particle size of
magnesium alloy with further increasing the annealing time at
280 °C. However, particle size of magnesium alloy can be obviously
reduced after annealed at 400 °C, and it can be further reduced
with increasing the annealing duration. Figure 3 shows the phase
analysis results using XRD with different annealing processes.
Compared with that of raw powders, there is new diffraction peak
of Si observed, indicating that SiC have decomposited partly during
annealing. What's more, the orientation strength of annealed
powders is enhanced, which indicates that microstructure have

changed. In order to further character microstructure evolution of
different annealing processes, grain size and microstrain of SiC are
calculated using the XRD data, as shown in Figure 3B & 3C, where
“0” represents powder before annealing. For all the annealed
powder, grain size of SiC increased and microstrain decreased after
annealing, as presented in Figure 3B & 3C. Gain size of SiC annealed
at 400 °C is smaller than that of 280 °C with the same annealing
time, and it decrease with prolongation of annealing time.

Previous studies shown that the (111) crystal plane of SiC match-
es well with the (0001) plane of Mg [9]. So, the improvement of
annealing temperature and prolongation of annealing time provide
opportunities for SiC and magnesium to complete full reflection.
Meanwhile, SiC has an positive effect on refining magnesium grain,
and the C element decomposed from SiC plays a role of carbona-
ceous inoculation treatment [10]. Furthermore, a little Al among
the magnesium alloy powder can also promote interaction between
SiC and Mg [11]. Microstrain presents the contract tendency with
grain size evolution. In general, powder with smaller particle size,
smaller grain size and higher microstrain is an ideal candidate for
sintering [12]. So, a complex milling process is usually introduced
[13,14]. However, in this letter, the above target has achieved by
powder mixing followed by simple and efficient annealing. Accord-
ing to present study, the mixture powder annealed at 400 °C for 4 h
is the ideal candidate for sintering.

Conclusion

a) Annealing have almost no effect on the particle morphology of
SiC but it can reduce particle size of magnesium alloy. Particle
size of magnesium alloy annealing at 400 °C is smaller than the
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280 °C ones with the same annealing duration. Prolongation of
annealing time has little effect on particle size of magnesium
at 280 °C. However, it has a positive effect on particle size
reduction when annealed at 400 °C.

b) The orientation strength of annealed powders is enhanced,
which indicates that microstructure have changed during
annealing. New diffraction peak of Si observed, indicating that
SiC would have decomposited partly during annealing.

¢) Grain size of SiC decreased and microstrain increased with the
improvement of annealing temperature and prolongation of
annealing duration at 280 and 400 °C for 1 and 4 h. Powder
annealed at 400 °C for 4 h with the smallest grain size and
largest microstrain is the ideal candidate of sintering.
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