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Abstract

Coir fibre, an agricultural waste material of immense economic importance in Indian subcontinent, was used as a precursor to
biomorphic SiC ceramics. Fibreboards made of coir fibres were converted to carbon templates by controlled thermal processing. Plant
material precursors were characterised by analysis of molecular composition, by determination of bulk density and by scanning electron
microscopy. Carbon templates were characterised by measurement of dimensional shrinkages, mass loss and bulk density and by
scanning electron microscopy and XRD. The carbon templates were further subjected to infiltration with liquid Si at 1550 C under
vacuum, when spontaneous infiltration and reaction yielded composite ceramics preserving the morphology of native coir fibre derived
precursors on macro and micro scale. The resulting material had a density of 2.59 g cm ~2 and, on a microstructural scale, contained SiC
and Si in addition to carbon (trace) and porosity (2 vol%). The end ceramics offered room temperature flexural strength of 116 MPa
and elastic modulus of 167 GPa. Fractographic examination indicated brittle failure. The biomorphic SiC material derived from coir
fibreboard precursor is likely to be suitable for use in advanced engineering applications as structural ceramics.
© 2012 Elsevier Ltd and Techna Group S.r.1. All rights reserved.
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1. Introduction

For well over last two decades material scientists all over
the globe have been studying synthesis of biomorphic ceramic
materials from plant bio-structures (plant precursors) [1-3].
The source materials are renewable and the microstructure of
the biomorphic ceramics is unique as it reflects the essential
features of the cellular morphologies of the plant precursors
(natural fibres, wood stems, bamboos, etc.). The properties of
the final ceramics are determined by the parent plant
precursors. Different precursors are used for synthesis of a
variety of the biomorphic ceramic materials. Biomorphic
ceramics can be oxides [4,5] or non-oxides [6,7] with majority
of investigations focussed on SiC ceramics and composites
[8-19]. The major advantages of the biomorphic SiC are their
excellent thermal shock, corrosion and erosion resistance,
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adequate mechanical strength at room temperature and high
temperatures, high hardness, elastic modulus at low density,
permeability, anisotropic electrical properties, good machine-
ability of the precursors and possibility of reduction of
machining cost of the final materials, etc. Natural products
like woods exhibit structural fluctuations which are reflected
in the microstructure of the ceramics and their properties
‘properties show marked changes between different kinds of
woods and even different trees of same kinds of species’ [20];
such variation of properties makes the biomorphic SiC
unreliable in widespread applications as structural ceramics.
Recently attempts are made to synthesise the biomorphic SiC
using different processed precursors, such as fibreboards,
papers, pressed wood powder-resin composite boards, cast
bamboo pulp fibreboards, and so on [20-23]. In contrasts to
natural products like woods, processed precursors are man-
ufactured using reproducible processing techniques and their
properties are reliable. Consequently the biomorphic cera-
mics are expected to exhibit a high extent of homogeneity of
microstructure and reliability of properties. In the present
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paper a method was described following which biomorphic
SiC ceramics can be synthesised from coir fibreboard
precursor. Also, microstructure, mechanical properties and
results of fractographic studies were discussed.

2. Experimental

Coir is a coarse fibre that constitutes the tissues surrounding
the seed of the coconut palm (Cocos nucifera). Coir fibres
obtained from coconut trees available in the state of Assam,
India, were used in the present study. The fibres contain nearly
equal amount of major bio-polymers, that is cellulose and
lignin (Table 1). The microstructure of coir fibre was examined
under a scanning electron microscope (Model JSM 5200,
JEOL, Japan). The response of the coir fibre during thermal
treatment was examined by a thermal analyser (STA 490C,
Netzsch-Geratebau GmbH, Germany) under flowing N, up to
1100 'C with a heating rate of 10 C min~'. The microstruc-
ture of the coir fibre after the thermal treatment was examined
under a scanning electron microscope (SE-440, Leo-Cam-
bridge, Cambridge, UK). Coir fibreboard was fabricated by
mixing chopped fibres of length 1-1.5 cm with cellulose acetate
(Loba Chemicals, India) as binder. Cellulose acetate diluted
with acetone was used for homogenous mixing of fibres. The
mixing was performed in a drum mixer. Subsequently the
mixtures were hot pressed in a metallic mould (30 cm x 30
cm x 10 cm) at a temperature of 135 C and a pressure of

Table 1
Molecular composition and other physico-chemical characteristics of coir
fibre.

Major bio-polymer Amount
(% w/w)
Cellulose 43.5
Lignin 44.6
Ash content 1.8
Cold water solubility 10.5
Hot water solubility 13.9
NaOH solubility 17.0
Alcohol-benzene 13.7

solubility

130 kg cm 2. After the pressure was released, the boards were
kept in air for cooling and finally removed from the mould.
The photograph of coir fibreboard is shown in Fig. 1. The coir
fibreboards were cut along the length and the width into equal
rectangular parts and the dimensions and weight were
measured. Microstructure of the coir fibreboard was examined
using scanning electron microscopy. The carbon template was
synthesised by pyrolyzing the coir fibreboard sample in an
electrically heated pyrolysis furnace (Steadfast International,
Kolkata, India) at 800 C under flowing nitrogen using
programmed heating and cooling rates. The typical pyrolysis
schedule used in the present work is shown in Fig. 2. The
dimensions and the mass of the coir fibreboard carbon
template were determined, XRD patterns were recorded by
an X-ray diffractometer (PW1710, Philips, Holland) using Ni-
filtered Cu Ko radiation of wave length 1=1.5406 A, and
microstructure was examined under a scanning electron
microscope (SEM). The biomorphic SiC was synthesised by
reactive liquid silicon infiltration processing (RLSIP) techni-
que. The coir fibreboard carbon template was suitably
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Fig. 2. Heating and cooling curves for pyrolysis of coir fibreboard
samples under flowing nitrogen (gas flow rate=20 N1 h~'); samples were
furnace-cooled after 400 'C.

C

Fig. 1. Photographs showing the samples of (a) pressed coir fibreboard, (b) carbon template and (c) SiC ceramics; no major distortion in shape was
noticed after carbon template making via pyrolysis and cermization via reactive liquid silicon infiltration.
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contacted with liquid silicon at 1550 C for 1h in a graphite
resistance furnace (Astro, Thermal Technologies Inc., Santa
Barbara, CA, USA) when simultaneous infiltration and
reaction of the liquid Si in the carbon template occurred with
formation of the reaction-formed SiC ceramics. After the
reaction, the furnace was cooled to the room temperature to
take out the ceramic product. The dimensions of the ceramic
products were measured and any un-reacted silicon adhered to
the surfaces of the infiltrated specimen was removed by
grinding. Open porosity and density of the ceramic product
were determined by water immersion method, the crystalline
phases were examined by XRD technique and microstructure
was studied using scanning electron microscopy.

Room temperature flexural strength testing was done to
determine the strength. A universal testing machine
(Model 1123, Instron Corp., Canton, MA, USA) was used
with a three point fixture. The samples were rectangular
bars of 45 mm x 3.5 mm x 2.5 mm whose surfaces were
ground and polished by diamond paste up to 1 um finish
and the sharp edges of the tensile surfaces were rounded
off. The span and the cross head speed were 40 mm and
0.5 mm/min respectively. Young’s modulus was obtained
from the slope of the load—deflection curves using standard
software (Instron Bluhill-2, UK). Average values of five
readings of strength and elastic modulus were reported.

3. Results and discussion
3.1. Coir fibreboard fabrication
The surface of coir fibre was seen to be very rough and

shallow pits were also visible. The representative SEM
micrographs of coir fibre are shown in Fig. 3. The average

diameter of coir fibre was found to be 275um. This
value was well within the reported diameters of coir fibre
(100450 um) [24]. The cross-sectional view of coir fibre
(Fig. 3b) revealed cellular morphology with the cell diameter
and the cell strut ranging from 2.3 to 11.8 and 1.8 to 5.1 um
respectively. Similar microstructural features of coir fibre
were also reported by other authors [24]. The characteristics
of coir fibreboard samples are presented in Table 2. Variation
in thickness to some extent was observed. The amounts of
raw fibre and binder were nearly equal in different batches,
but the thickness variation reflected some degree of non-
uniformity in compaction. Microstructure examination of the
coir fibreboard sample revealed that the coir fibres were
highly piled and their distribution was uneven (Fig. 4a).
Microstructure of the sample cross-section indicated that
many voids were present, their distribution was uneven and
they were of moderate to large dimensions (Fig. 4b).

3.2. Coir fibreboard carbon template synthesis

The results of thermal analysis of the coir fibre are shown
in Fig. 5. The thermo-gravimetric test indicated three stages
of thermal degradation. There was a mass loss of around 5-
6% in the first stage (at <200 C) which was likely due to
dehydration of cellulose [25]. In the second stage 70% of
mass loss occurred at 270-360 C for decomposition of coir
fibre [26]. The mass loss was accompanied with a broad
exothermic peak at 350 C probably because of recombina-
tion of degradation products like phenols and phenolic
derivatives [27]. After the second stage, a slow and gradual
mass loss of around 15-18% occurred up to 600 C. An
exothermic peak at 600 C was also observed which might
be due to breakdown of the -C—C— chains of polynuclear

Fig. 3. SEM micrographs of the coir fibre (a) axial view and (b) cross-sectional view.

Table 2

Characteristics of pressed coir fiberboards, carbon templates and SiC ceramics.

Characteristics of pressed coir fibreboard

Characteristics of C-template

Characteristics of SiC ceramics

Dimension (mm) Bulk Dimensional shrinkages (%) Pyrolytic ~ Bulk Bulk Porosity Flexural Young’s
density weight loss density density (vol%) strength modulus

L w T (gem™3) L w T (%) (gem™)  (gem ™) (MPa) (GPa)

129.7+£10.6 122.6 +10.7 119.3+16.3 0.69+0.07 23.5+1.5 23.6+1.8 31.9+28 69.5+1.7 0.53+0.07 2.59+0.04 2.04+097 116+18 167+8

N.B. L=length, W=width and T'=thickness.
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Fig. 4. SEM micrographs of coir fibreboard sample (a) longitudinal view and (b) cross-sectional view.
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Fig. 5. Thermal analysis results of coir fibre specimen in flowing N,

atmosphere (heating rate 10 C min~"'; reference Al,O;) (a) TG and

(b) DTA curves.

carbon structures and formation of char from cellulose and
lignin [9]. During microstructure examination under a SEM,
the carbon template of the coir fibre showed variation in
diameter in the range of 178-333 um with an average of
251 um. The cross-sectional view revealed that the carbon
templates were hollow. Typical microstructures of a coir fibre
carbonized at 800 C are presented in Fig. 6. The cross-
section of the carbon template exhibited perfect retention of
cellular morphology of the parent coir fibre. The cell
diameter and the strut of the carbonized coir fibre were
found to vary from 2.9 to 9.3 and 1.4 to 2.4 um respectively.
The axial view of the carbon template showed that its surface
was very rough with pits and other voids occasionally filled
with pyrolysis debris. After pyrolysis the coir fibreboard
retained its shape with no cracks or structural disintegration
evident on the surface. The photograph of the as-pyrolyzed
coir fibreboard (carbon template) is shown in Fig. 1. The
retention of shape was achieved by using process conditions
specially designed to minimise the severity of the decomposi-
tion reactions of bio-polymers, including low process tem-
perature and low heating and cooling rates, and large process
time. The characteristics of the carbon template are sum-
marised in Table 2. The carbon template exhibited pyrolysis

shrinkages in three major directions (length, width and
thickness) of 23%, 24% and 32% respectively, pyrolytic
mass loss of 69%, bulk density of 0.53 gcm ™~ and porosity
of 65%. The fact that higher pyrolytic shrinkage was
obtained along the thickness indicated that the green samples
were not uniformly and adequately compacted along this
direction. During microstructure examination retention of
the fibrous morphology was seen. Pyrolyzed fibres of
different diameters were seen to be unevenly stacked and
the distribution of pores or void spaces was also not uniform
(Fig. 7). The porous channels were seen to be interconnected.
The XRD analysis results indicated the presence of broad
peaks at 20=22.6° and 44.2°, as shown in Fig. 8. The peak
positions are of graphitic carbon. The peak broadening
indicated that the carbon sample was not fully crystalline.

3.3. Biomorphic SiC synthesis by RLSIP of coir fibreboard
carbon template

The pyrolyzed coir fibres were infiltrated with silicon
vapour at 1450-1550 C for different intervals of time and
the microstructure of the reaction products were examined
to understand the reaction between carbon with Si and
the conversion of pyrolyzed coir fibre to SiC fibre. The
carbonized coir fibre after infiltration and reaction with Si
vapour at 1450 'C for 10 min, exhibited perfect retention of
the cellular morphology, as shown in Fig. 9(a). Energy
dispersive X-ray (EDX) analysis confirmed that the struts
were converted to SiC. The cellular porous morphology
was partially retained after infiltration and reaction with Si
vapour at 1550 C for 10 min (Fig. 9b). When the pyr-
olyzed fibres were silicided at 1550 C for 30 min a dense
composite structure appeared with both the silicon and the
silicon carbide detected in the microstructure of the
reaction products (Fig. 9¢). The carbon template of coir
fibreboard was infiltrated and reacted with liquid silicon at
1550 'C for 1 h to allow complete reaction between carbon
and silicon to form SiC. The Si infiltrated samples were
physically inspected; no cracks or structural disintegration
was noticed and retention of shape was observed (Fig. 1).
The properties of the ceramic product are given in Table 2.
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Fig. 6. Scanning electron micrographs of the carbon template of a coir fibre (a) axial view and (b) cross-sectional view showing the details of cellular

morphology in the inset.

Fig. 7. SEM images of the carbon template of coir fibreboard (a) longitudinal view and (b) cross-sectional view.
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Fig. 8. XRD-profile of the carbon templates of coir fibreboard.

Marginal dimensional changes ( < 1%) in the three major
dimensions were recorded. The density and porosity of the
infiltrated sample were found to be 2.59 + 04 gcm > and
2.04 £+ 0.97 vol% respectively.

3.4. Microstructure examination

The results of XRD analysis indicated that the SiC and
Si were present as the major crystalline phases in the Si
infiltrated ceramic product. Typical XRD profiles are
shown in Fig. 10. Microstructure examination indicated a

duplex microstructure containing a bright white area
(marked A) and a dark grey zone (marked B), as shown
in Fig. 11(a). EDX analysis indicated these phases as SiC
and Si. The fibrous morphology of the coir fibre was seen
to be perfectly preserved in the SiC structure. The diameter
of the SiC fibres ranged from 123 to 354 um nearly the
same range of diameter of the carbonized coir fibre. This
indicated that the SiC formed preferentially in zones which
were previously occupied by the carbonized coir fibres. The
SiC fibres were observed to be highly piled and embedded
in a matrix of solidified pool of silicon. The Si-phase was
seen to be accommodated in the voids present in the
carbon template. The sizes of the matrix Si-phase varied
widely, indicating that the void spaces present in the
carbon template were also of varying diameter. Micro-
structure examination also indicated the presence of fine
bright white fibre-like structures of Si in the SiC fibre. The
Si-phase was leached out by the action of HNO;/HF
mixture and the acid-leached samples were viewed under
the microscope for examination of the microstructure in
more details. The discontinuity of the SiC fibres was
visible, but the microstructure clearly showed that the
SiC fibres were connected, piled and randomly oriented
(Fig. 11b). Microstructure examination of reaction pro-
ducts of fibrous carbon and liquid Si were well-documen-
ted. Pampuch et al. [28] studied the reaction of carbon fibre
with liquid Si and observed that an un-reacted core of
carbon fibre (of 6.2 um original diameter and 25 vol%
porosity) coexisted with small dark grey B-SiC crystals at
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Fig. 9. SEM images of carbonized coir fibre after infiltration and reaction with Si vapour under different conditions (a) 1450 OC/ 10 min, (b) 1550 AC/
10 min and (c) 1550 C/30 min; the retention of cellular morphological features is shown in the insets.
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Fig. 10. XRD-profiles of Si infiltrated coir fibreboard carbon templa-
te—SiC and Si were the main crystalline phases detected.

the initial stage. The small -SiC crystals precipitated at
random in the Si matrix in localised zones previously
occupied by the carbon fibres; larger B-SiC crystals were
also observed at the perimeter of the zone of the small
crystals. The authors also observed that the initially
precipitated small B-SiC crystals grew to the dimensions
of the order of 7-8 pum which led to the formation of
fibrous polycrystalline B-SiC. The authors explained the
preferential precipitation of the small B-SiC crystals in the
vicinity of original carbon-liquid Si interface by a model
based on the dissolution of carbon in Si and precipitation
of SiC at its limit of solubility. The further growth of the
smaller crystals to large B-SiC was explained by solution re-
precipitation in liquid solution. Chiang et al. [29] also
studied the mechanism of the liquid Si—carbon fibre reaction
and observed a thin polycrystalline SiC product layer on the
surface of the carbon fibres at the initial stage. During the
subsequent stage of rapid reaction growth of larger faceted
B-SiC crystals adjacent to the fibres was seen. According to
the authors the volume misfit of the SiC with respect to the
carbon fibre leads to spallation of sub-micron thick layer of
SiC from the carbon interface increasing the solubility of

carbon and subsequent precipitation of larger faceted
grains. The suggested mechanism is one of the solution-
reprecipitations with fine grained SiC within the fibres being
the source and the sink being the large faceted crystals.
Zollfrank and Sieber [30] studied the reactive silicon
infiltration into microporous carbon template of beech
wood leading to the formation of biomorphic SiC. During
the initial stage of reaction the authors observed the
simultaneous formation of a continuous nano-grained B-
SiC layer at the zones previously occupied by the carbon
and larger well-faceted B-SiC grains on the surface of the
nano-grained SiC layer. According to the authors penetra-
tion of liquid Si into the nano-porous carbon leads to the
formation of nano-grained SiC layer and simultaneous
dissolution of carbon into liquid Si gives rise to nucleation
and subsequent growth of larger faceted SiC crystals at the
limit of carbon solubility. Afterwards the SiC reaction was
found to be controlled by the diffusion of carbon through
the nano-grained layer followed by dissolution in liquid Si
and precipitation on the coarse SiC grains giving rise to
extended grain growth. The reaction at the final stage was
found to involve the dissolution of nano-grained SiC in
liquid Si and re-precipitation of SiC clusters on the surface
of the coarse SiC grains; the final SiC grain size was in the
order of 15 pum. In the present work we removed the Si
phase of the biomorphic SiC by acid etching in order to
examine the morphological features of the SiC phase in
more details. We observed the formation of SiC grains of
two distinct morphologies—well-faceted large grains of sizes
ranging approximately from 1 to 15 pm and sub-micrometre
grains (Fig. 12). It appears that dissolution of carbon in Si
and subsequent re-crystallisation triggered the formation of
smaller SiC crystals at sites previously occupied by the
carbon fibres. The larger SiC grains were probably formed
by a typical process of re-crystallisation and growth of small
crystals by solution-reprecipitation in liquid Si. We also
observed the presence of unreacted carbon in the micro-
structure. It is likely that the local density of carbon varied
in the carbon template. In the less dense regions carbon
struts were completely reacted. The presence of unreacted
carbon was likely to be related to the more dense regions
where the density might exceed the critical value of 0.97 g
cm~* hindering the C-Si reaction [31].



A. Maity et al. | Ceramics International 38 (2012) 68736881 6879

Fig. 11. SEM/BSE images of polished specimens of biomorphic SiC ceramics (a) un-etched specimen and (b) specimen etched with HNO3;/HF mixture,
indicating presence of Si in the bright white zones (marked A) and SiC in the dark grey areas (marked B); Si-removed pores are clearly visible in acid-

etched sample.

Fig. 12. Scanning electron micrograph of the surface of the biomorphic
SiC ceramics after removal of Si-phase by acid etching showing poly-
crystalline SiC fibrous structure of two morphologies—coarse grains
(1-15 pm) and sub-micrometre grains.

3.5. Mechanical characterisation

Room temperature strength testing was done to estab-
lish a reference strength of the Si infiltrated material. Five
three-point fast fracture specimens were tested and had an
average flexural of 116 MPa with a standard deviation of
18 MPa. The elastic modulus at room temperature mea-
sured from the slope of the load—deflection curves in the
three-point bend test was found to be 167 + 8 GPa. Many
investigators reported about the mechanical properties of
the biomorphic SiC ceramics synthesised from bio-precur-
sors. Table 3 summarises the typical room temperature
flexural strength and elastic modulus data of the SiC
ceramics prepared from the natural and the processed
precursors. In both the categories of ceramics made from
natural and artificial preforms, a wide variation of
mechanical properties was obtained, mainly because of
the difference in material properties of the ceramics and
the test parameters. The biomorphic SiC ceramics synthe-
sised from the artificial preforms (like, wood dusts, waste
cotton linters, paper laminates, medium density fibre-
boards, cast bamboo pulp fibreboards, etc.) exhibited a
reasonably good uniformity in microstructure and reliable

mechanical properties. However, the average flexural
strength of 116 MPa obtained in the present work is
appreciably less than 194450 MPa three-point results
of biomorphic SiC ceramics reported in Refs. [21,22,
34,36,37]. The elastic modulus of 167 GPa is also less than
the value of 200 GPa in Ref. [37]. But the test parameters
used in the cited work must be taken into consideration
while comparing the strength data. The smaller span length
of 16-30 mm might be a major reason for the higher values
of strength obtained by the investigators in the referred
studies. Biomorphic ceramics are characterised by a micro-
structure that shows the presence of large areas of solidified
Si which is eclongated along the axial direction (growth
direction of trees); silicon is also finely distributed between
these large areas. The areas of elongated Si are surrounded
by SiC cylindrical cores and the SiC regions are intercon-
nected. This microstructure is a result of simultaneous
infiltration and reaction of liquid Si into the porous channels
of the carbon template when walls of the carbonaceous
channels are converted to SiC and the remaining pores are
filled with residual Si. Since Si has lower load bearing ability
than SiC [38], the maximum load is carried by the inter-
connected SiC areas during strength testing. The microstruc-
tures of biomorphic SiC ceramics synthesised from artificial
preforms are characterised by the discontinuous fibrous
structure of SiC. Qiao et al. considered the lack of continuity
of SiC fibres to be the reason of low strength of medium
density fibreboard (MDF) derived SiC ceramics [34]. In the
present study we also observed that the SiC fibres were
randomly oriented and they were discontinuous. Microstruc-
ture examination showed piling of the SiC fibres; the joints
between the SiC fibrous areas offered connectivity, but they
were not as strong as the continuous SiC fibres. All the failed
specimens were subjected to a fractographic examination
under a scanning electron microscope (SEM). Typical frac-
ture surfaces are shown in Fig. 13. The fracture surface was
observed to be flat indicating brittle failure (Fig. 13a).
In some samples failed at a low load porous zones
localised near the surface or within the volume were also
identified (Fig. 13b). The other strength limiting flaws were
large grains, isolated pores and processing cracks. The results
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Typical examples of mechanical properties of biomorphic SiC ceramics synthesised from natural and processed bio-precursors determined by different

investigators using different testing parameters.

Bio-precursor SiSiC density Details of the testing procedure

Room temperature Authors

(gem™3) mechanical property
Bending Sample size (mm) Span Loading rate Direction Flexural  Young’s
mode (mm) (mm/min) strength ~ modulus
(MPa) (GPa)
Wood (maple) 2.50 4 pt. 5x6x60 40/20 0.5 Axial 210 275 Gereil et al. [32]
Radial tangential 132 273
Wood (pine) 2.26 4 pt. 5x6x60 40/20 0.5 Axial 130 190
Radial tangential 60 200
Wood (oak) 2.05 4 pt. 5x6x60 40/20 0.5 Axial 125 165
Radial tangential 40 150
Wood (eucalyptus) 2.63 3 pt. 3x3x%x20 - 0.5 Axial 300 170 Presas et al. [33]
Bamboo 2.44 3 pt. 4x5x40 30 - Axial 160 - Qiao et al. [34]
Wood (pine) 2.62 3 pt. 4x5x40 30 - Axial 210 -
Wood (birch) 2.74 3 pt. 4x5x40 30 - Axial 265 -
Wood (coconut)  2.69 3 pt. 3.75x4.75x45 40 0.5 Axial 263 247 Chakrabarti et al. [35]
Wood (mango) 2.62 3 pt. 3.75x4.75x45 40 0.5 Axial 241 253
Wood (jack fruit) 2.65 3 pt. 3.75x4.75x45 40 0.5 Axial 198 194
Wood (teak) 2.52 3 pt. 3.75x4.75%x45 40 0.5 Axial 180 216
Wood (pine) 2.54 3 pt. 3.75x4.75x45 40 0.5 Axial 213 209
Wood powder 2.90 - - - - - 227 - Amirthan et al. [22]
2.70 - - - - - 194 -
Fibreboard MDF* 2.70 3 pt. 4x5x%x40 30 - Longitudinal 185 - Qiao et al. [34]
Paper 2.50 3 pt. 3 x4 x40 30 0.5 - 450 - Yang et al. [21]
Cotton linter - 3 pt. 3 x4 x40 16 0.5 - 310 - Xue et al. [36]
Bamboo pulp fibre 2.66 3 pt. 3.5x2.5x%x45 40 0.5 Longitudinal 208 200 Maity et al. [37]

*MDF =medium density fibreboard.

Fig. 13. Fracture surfaces of biomorphic SiC ceramic samples of varying flexural strength (a) 142 MPa and (b) 101 MPa.

of the strength testing indicated the need of further optimisa-
tion of fabrication process for coir fibreboard based bio-
morphic SiC ceramics.

4. Conclusions

Coir fibreboards can be converted by controlled thermal
processing into carbonaceous preforms (carbon templates)
maintaining the special morphological and structural fea-
tures (macro and micro) that are characteristic to the bio-
structure. Carbon templates contain many void spaces of
widely varying diameters. The carbonized fibres are dis-
continuous, but are interconnected and highly piled. The

coir fibreboards via their carbon templates are capable of
yielding SiC ceramics retaining the morphology and micro-
structure of the bio-precursor when infiltrated with liquid Si
at 1550 'C under vacuum. A material that is ~98% dense
can be prepared in a composite structure with SiC and Si as
the major crystalline phases. The sample microstructure
shows formation of SiC fibres that lack continuity and are
embedded in a matrix of Si. The material exhibits room
temperature flexural strength of 116 MPa and Young’s
modulus of 167 GPa. The morphology and structure of
the biomorphic SiC derived from coir fibres suggest that the
material is likely to be used as a structural ceramics in many
advanced engineering applications.
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