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1 Introduction

Reaction formed silicon carbide (RF-SiC) and
reaction bonded silicon carbide (RB-SiC) are both
fabricated with silicon infiltration as sintering
process, in which silicon infiltrated into the poso
template and reacted with the carbon in it to form
silicon carbide [1]. Although RF-SiC has been
invented by Hucke for more than 40 years and
shows high mechanical properties than RB-SIC, it
hasn’'t been produced in industrial scale due to its

than the latter, which stimulated wide enthusiagm o
researchers on b, 6, 8]. Compared with HucKe s
method, it has advantages of low cost of raw
material and simplicity of the process. However,
cracking is still inevitable. Other drawbacks ofaglo
blocks include relatively low and uncontrollable
density, the wide pore size distribution and soTan.
overcome those disadvantages, middle density
fiboreboard (MDF) and wood powder composites
have also been used as pre-templ§®eslO]. The
structure is still not ideal, such as the high giyo

high cost and some technical issues whereas RB-SIiC ¢ templates from MDF and the existence of close

has been produced in industrial scale and apptied i
many different fieldd2-4]. According to Hucké s

pores from wood powder composites.

method, chemical agents were used to prepare|n our previous researcdil], a novel method has

porous polymer pre-template, followed by
carbonization to get porous carbon template. The
obstacles for the actual application of RF-SiCthee
high cost of the synthetic polymer pre-template and
the tendency of crack of the pre-template during
carbonization. Fabrication of carbon template for
RF-SiC with low cost and free from cracking has
been a great challenge to materials sciertits

Many attempts have been carried out to fabricate
RF-SiC with wood blocks as substitute for synthetic
polymer pre-templatgs-7]. The RF-SiC from wood

even obtained flexural strengths and elastic moduli
comparable to those of commercial RB-SIiC
ceramics even though it has greatly lower density
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been developed to achieve wooden pre-templates
with controllable density, in which wood powder
was hot pressed into blocks with hot pressing. Wnde
optimized processing parameters, the pre-templates
could have uniform density cross the whole sample.
With this method, hemp hurd, a kind of non-wooden
material but with similar component to wood, can
also be used as the raw material and has the
advantage of high pore connection. In this paper, t
carbonization of the pre-templates of hemp hurd
powder, the pore structure of the corresponding
carbon templates, and the microstructure of the
resulted ceramics were studied to evaluate their
suitability for the fabrication of RF-SiC.
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2. Experimental Procedure

Hemp hurd (harvested in Liuan City, Anhui
province) was used to fabricate pre-templates of
hemp hurd powder referring process shown in our
previous work [11]. The pre-templates were
carbonized at 120€C for 2h in a furnace (ZT-100-
20, Shanghai Chenrong Electric Furnace Co., Ltd.,
China) under a nitrogen gas protection. To avoid
cracking in the pre-templates during carbonization,
the temperature was increased at a rate €hiin

in the range 200-500. The carbonized plates were
cut into blocks of dimensions 50mmx40mmx6mm
as carbon templates and then infiltrated with tiqui
silicon (purity 99.0 wt%, Beijing Yuanchuang
Magnesium Co., Ltd., China) at 158Dfor 30min
under a vacuum (10-30Pa) in a graphite element
furnace (EJ-13, General Research Institute for
Nonferrous Metals) to yield the Si/SiC ceramics.

The densities of pre-templates and carbon templates

were determined by the weight and dimensions of
the samples. The densities of the finial Si/SiC
ceramics were measured using the Archimedes’
method. The microstructures of the carbon templates

and ceramics were observed by scanning electron

microscopy (SSX-550, Shimadzu Corp., Japan) and
light microscopy (KH-1 000, Shanghai Hirox
Instrument Technology Co., Ltd., China),
respectively. The porosity distributions of thelmar
templates were determined using a mercury
porosimeter (Autopore-9220, Micromeritics
Instrument Corp., USA).

3. Results and discussion

3.1 Thelinear shrinkage and weight residual

while carbonization

The linear shrinkages and weight residual of pre-
templates of hemp hurd powder are showRin 1.
There is negligible difference in the linear
shrinkages when the density of the pre-templates
varies in the range of 0.85-1.02gfkmThe
shrinkages in length direction and width direction
are 25.4+0.1% and 25.4+0.3%, almost same with
each other. The shrinkage in height direction is
38.3+0.7%. The relevant weight residual is
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31.8+0.3%. It should be noted that when wood
blocks are directly carbonized, the shrinkages and
weight loss vary greatly from sample to sample
because of their variation in chemical composition
and physical structurg12, 13]. Because of the
homogeneity of pre-templates of hemp hurd powder,
cracking is avoidable at optimized carbonization
condition.

45 |-
40 -
< 0 a Aak Ay oA
£ 35
&0 L
= w Yvy w
£ 30 segr
E |
~ 95 |- - [ ZTE g =—ae
20 -
15 1 1 1 1 N 1 1 1 n 1
0.80 0.85 0.90 0.95 1.00 1.05

Density of pre-template, g/cm3

Fig. 1 The linear shrinkages and weight residual of
pre-templates of hem hurd powder when
carbonization
m—shrinkage in lengthe—shrinkage in width;
A —shrinkage in height¥ —weight residual

Fig. 2 shows relationship between the densities of
the pre-templates of hemp hurd powder and the
corresponding carbon templates. A good linear
relationship exists in those two densities, which
indicates that the density of carbon templates is
controllable by adjusting the density of the pre-
templates of hemp hurd powder.
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direction and length/width direction and the pre-
template has same shrinkages in both length and
width directions but different shrinkage in height
direction.
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Fig. 2 The linear relationship between the densities
of pre-templates of hemp hurd powder and of the
corresponding carbon templates

The carbonization behavior of the pre-template from
hemp hurd powder and the improvement on the
density controllability of the resulted carbon
template can be attributed to the homogeneity in
chemical composition and physical structure of the
pre-template of hemp hurd powder. Wood is a
typical composite with evident anisotropic

characteristics, which leads to the different : L7 = !7_,_' #%  soum_ !
shrinkages in three directions while carbonization. Fig. 3 The scanning electronic microscopy photos of

The chemical composition and the physical structure hemp hurd powder
vary between different trees even in a same tree,
which results in the great variation of shrinkages 32 pore structure of carbon templates

while wood is carbonizefll2]. For the pre-templates |y the carbonization process, the pore structure of
of hemp hurd powder, the milling and hot pressing pre-templates can be inherited to the carbon templa
eliminated the difference in physical structure and [5]. Fig. 4 shows the SEM photos of carbon
chemical composition in pre-templates. Therefore templates from hemp hurd and hemp hurd power. It
the pre-templates of hemp hurd powder can be can be seen frorig. 4(a) that there are two types
looked as a homogeneous material, which is the of pores with very different pore size in carbon
reason why the pre-templates of hemp hurd powder template from hemp hurd. The pores with diameters
have small deviation in shrinkages and weight of about 12Qum are inherited from vascular vessels,
residual.Fig. 3 shows the appearance of the hemp hile the smaller pores at 18n are from tracheidal
hurd powder. They mainly exist in the shape of channels. On the contrast, the carbon template from
small sheet. The direction with bigger size shdd  hemp hurd powder has invisible difference in pore
parallel with the axial direction of hemp hurd gjze €ig. 4 (b)). It can be seen frorfig. 4 (c) that

because of its higher strength in this directionhot there are some pores from the interval between the
pressing, these powders in sheet shape have apowders.

tendency to lie down in any direction which is
perpendicular to the pressing force. Therefore, the
structural difference only exists between the hiigh
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characteristic is beneficial to get high densiticen
carbide ceramic because the existence of huge pores
will result in high content of silicon in the reted
ceramics, which means less silicon carbide content
and low mechanical properties. The cumulative pore
volume percentages of pores with diameter larger
than 4.5um and with diameter smaller than QB

are about 1.4% and 11.0%, respectively. Thus, about
87.6% of the pore volume is attributed to poreswit
diameters between Oin and 4.5um.
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Fig. 5 Pore size distributions of carbon templates
from pre-template of hemp hurd powder
(The sample density: 0.78g/&m

3.3 Ceramic microstructure
The microstructure of RF-SiC ceramic from hemp
hurd powder is shown iRig. 6. The light grey area
represents free silicon and the dark grey area
represents silicon carbide. The free silicon is
uniformly distributed in the ceramic from hemp hurd
] powder, similar with RF-SiC by Hucke’s method
Fig. 4 Scanning electronic microscopy photos of ~ and totally different from that of ceramics from
carbon templates from hemp hurd (a) and hemp hurd wood blockg 2, 5]. There are no visible pores in the
powder (b) and (c) ceramics shown iifrig.6 (a) and (b), which means
the pores in the carbon template from hemp hurd
The mercury intrusion measurement is an effective powder are mainly connective pores which leads to a
method to test pore size distribution of porous complete infiltration of silicon into the carbon
materials.Fig. 5 shows the pore size distribution of template. Compared with the ceramicFig. 6 (b),
carbon template from hemp hurd powder. There is the ceramic irFig. 6 (a) has higher silicon content
only one peak in the differential curve, being $ami due to the lower density of the carbon template.
with the pore size distribution of carbon template However, higher density of carbon template didn’t
from the tradition sythetic methog?2, 3]. This always do good to the microstructure.Rig. 6 (c),
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the density of the carbon template is 0.83¢/ctime

FORMED SILICON CARBIDE CERAMIC

The influence of carbon template density on the

resulted ceramic is not as dense as the ceramics inmicrostructure can be interpreted by the theory of

Fig. 6 (a) and (b).

Fig.6 The microstructure of biomorphic Si/SiC
ceramics from hemp hurd powder
(a), (b) and (c) correspond to ceramics with a
density of 2.80 g/cih 2.94 g/cm, and 3.01 g/cth
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reactive infiltration of silicon. In the infiltratin
process, silicon melt infiltrated into the porous
carbon template and then reacted with the carbon
skeleton to from silicon carbide. In this procasg,
skeleton of carbon transferred into silicon carpide
accompanied with increasing of its thickness, which
means the decreasing of pore size and porosity.
Bigger pore size is helpful to finish reactive
infiltration of silicon and the carbon in the tera

can transfer into silicon carbide whereas smaller
pore size can cause the connective pores being
closed and then incomplete infiltration happens.

4. Conclusion

Pre-templates of hemp hurd powder fabricated by
hot pressing were carbonized to get carbon tengplate
for RF-SiC. The carbonization study shows that the
carbon templates from pre-templates of hemp hurd
powder have controllable density because the pre-
templates have stable linear shrinkages in three
directions and weight residual while carbonization.
The cracking of pre-templates in carbonization is
also evitable. The pore size distribution of the
resulted carbon templates is narrow and idealhfer t
fabrication of RF-SiC. The microstructure of the
resulted RF-SiC ceramic testified the suitability f
RF-SIiC fabrication of pre-templates of hemp hurd
powder.
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