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A B S T R A C T 
 

The extensive use of silicon carbide in many fields such as in abrasives, 
structural materials, refractories, electronic components, and nuclear 
reactors amongst others demands for an innovative, cheaper, and an 
environmentally friendly approach for its synthesis. The aim of the study 
was to use coffee husk wastes as silica and carbon sources in SiC synthesis. 
This was done via carbothermal reduction synthetic route using the 
extracted silica and biochar materials at a temperature of 300 oC for 12 
hours. The silica, biochar, and SiC composites were characterized using XRF, 
FT-IR, XRD, SEM, and EDX. The results for silica showed spherical-shaped 
granules with Si and O components. The biochar showed a highly amorphous 
carbon structure with silica and carbon contents. The FT-IR, SEM, and EDX 
results revealed macron sized SiC composites with Si (59.3 %) and C (28.7 
%) components. This cheaper and greener approach makes coffee husk 
wastes a novel material for the synthesis of highly pure Silicon Carbide (SiC) 
composites for application in various industrial fields.  

  
Introduction 

ilicon carbide is an important ceramic 
material with vast industrial 
applications [1]. This is due to its 
excellent thermal and electrical 
conductivity, hardness, excellent 

corrosion and resistance to thermal shock [2]. 
Because of its unique qualities, it is widely used 
in several fields such as abrasives, structural 
materials, refractories, electronic components, 
and nuclear reactors [3]. With the emerging 
technological inventions, silicon carbide 

materials have gained demand in making high-
power, high-frequency, high-temperature, anti-
radiation, and high-density integrated 
electronic devices [4]. Some exhibit 
photoluminescence in the near-Ultra Violet to 
the visible blue spectral region making them 
attractive for light-emitting devices [5]. This is 
because of its unique bandgap width of 2.20-
3.26 eV [6]. This has made its synthesis 
methods greatly explored in the field of 
materials science. Various methods such as sol 
gel [7], solvothermal [8], chemical vapor 
deposition [9], arc discharge [10], and 
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carbothermal reduction [11,12] among others 
are reported for the synthesis of SiC composites. 
Carbothermal reduction has however remained 
the most promising technique due to its cost-
effective, efficient and large-scale preparation 
[13]. In addition, the method is unreliable on 
hazardous precursors unlike other techniques 
[14]. In carbon thermal reduction process, raw 
materials of carbon and silicon sources are 
reacted at a certain temperature to form SiC. 
This is as shown in Equation 1. 

SiO2(s) + 3C(s)                SiC(s) + 2CO(g)           (1) 

The SiC composite formation occurs even at 
very low temperatures via carbothermal 
reduction compared to the other reported 
methods [3]. Various agricultural wastes such 
as corn cob [15,16], macadamia nuts [17], rice 
husk [3] amongst others are reported in the SiC 
synthesis. The study sought to explore the use 
of coffee husk wastes as carbon and silica 
sources in the synthesis of SiC composites. 

Experimental 

Materials 

The chemicals (all of anal grade) used were 
Hydrochloric acid (HCl) and Sodium hydroxide 
(NaOH), all sourced from Kobian limited (outlet 
of Sigma Aldrich), Nairobi, Kenya. Distilled 
water obtained from Kenyatta University 
chemistry laboratories. The coffee husk wastes 
were collected randomly at Othaya 
Constituency, Nyeri County, Kenya. Afterwards, 
they were cleaned using distilled water, 
chopped and oven-dried at 105 oC for 1 day to 
remove moisture, and then ground into a fine 
powder. 

Instrumentation 

The instruments and equipment used were 
Fourier Transform Infrared Spectrophotometer 
(IR Tracer-100, Japan), Automated X-Ray 
Fluorescence Spectrometer (Bruker S1 Titan 
600, Tracer 5/ CTX), Distiller (WSB 14), Field 
Emission Scanning Electron Microscope (FEI 
ESEM, Vega3 Tescan LMH), Diffractometer 
(XRD, Rigaku MiniFlex II; Tokyo, Japan), 

Grinding mill (Retsch SR 200), Drying oven 
(WTC binder FD53), Magnetic stirrer with hot 
plate (WH240-HT), Test sieve (BK-TS 200), 
Thermostat-controlled muffle furnace (MC5-12 
Biobase), and Analytical weighing balance 
(ATX224 Shimadzu). 

Biochar and ash preparation  

A 20 g of the raw powder was placed in a 
ceramic crucible and pyrolyzed in a thermostat-
controlled muffle furnace at a frequency of 50 
Hz, 10 °C/min (heat rate), voltage of 220 V and 
power output of 3.0 kW at 300 ℃ for 5 hours. 
The biochar sample was allowed to cool, ground 
and weighed. The obtained biochar was acid 
leached using 3 M HCl acid for 3 hours to 
remove any inorganic ash components. The ash 
material was prepared by pyrolysis of the raw 
biomass at 300 ℃ for 12 hours. Both the coffee 
husk biochar and ash materials were stored in 
airtight bottles awaiting subsequent 
experiments. 

Alkali fusion process 

The silica was extracted using a method 
described by [18] with some modifications. A 
100.000 g of the coffee husk ash powder was 
soaked in 6 N HCl solution in a glass beaker for 
12 hours. The mixture was then filtrated, the 
residue washed with distilled water and then 
dried at 105 °C to a constant weight. A 400 mL 
of 10 N NaOH solution was then added to the 
ash residue and heated at 150 oC while stirring 
for 4 hours. The filtrate (sodium silicate) was 
separated from the unreacted ash residues 
using Whatmann filter paper No. 1 and 6 N HCl 
solution slowly added to form a white gel (pH 
7). The reaction mixture was left overnight at 
room temperature, filtered and rinsed with 
distilled water. The gel was then dried at 105 °C 
to a constant weight to obtain amorphous silica. 

Silicon carbide (SiC) synthesis 

The Silicon Carbide (SiC) composites were 
prepared by carbothermal reduction using a 
method described by [19]. The process was 
performed using a digestion bomb locally made 
at Kenyatta University mechanical engineering 
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laboratories, school of engineering. The bomb 
was made of a stainless steel (SS-316) whose 
cylindrical body was 105 mm in total length, 38 
mm in external diameter, 23.5 mm in internal 
diameter. The top lid had a total length of 39 
mm and thread length of 23.5×1.5×22 mm. The 
biochar powder was mixed with the extracted 
silica in the ratio of 3 to 2 for two hours, and 
then placed in a digestion bomb. The bomb was 
tightly closed and placed in a thermostat-
controlled muffle furnace and heated at 300 oC 
for 12 hours and the final product allowed to 
cool and stored awaiting characterization.  

Results and Discussion  

Characterization of silica 

The XRF analysis 

The results for XRF analysis of the extracted 
silica are presented in Table 1. The results 
showed that silica was the main component (> 
91%) with minimal inorganic contents (< 1%). 
This showed the effectiveness of the alkali 
fusion extraction process. The findings showed 
a higher silica content than those reported by 
[18] on the facile extraction and 
characterization of silica nanopowder from 
marine national park beach sand via alkali 
fusion route. 

 

Table 1. XRF analysis of the extracted silica 
Oxide (%) 

SiO2 Fe2O3 Al2O3 CaO 
91.38 ± 

0.09 
0.54 ± 
0.13 

0.04 ± 
0.07 

0.69 ± 
0.08 

The FT-IR analysis 

The Figure 1 shows the FT-IR spectrum for the 
extracted silica The FT-IR spectrum showed a 
broad band at 3421.78 cm-1 which was ascribed 
to –OH stretching vibration of the water 
molecules attached to the silica surface [18]. 
This was confirmed by its bending vibration at 
1638.84 cm-1. The peaks at 1028.01 cm-1 and 
737.93 cm-1 exhibited asymmetrical and 
symmetrical stretch modes for Si-O-Si groups 
[20]. The absorbance of peak at 497.98 cm-1 
corresponds to the Si-O-Si bend vibrations [21]. 
These results are coherent to findings reported 
by [22] during their research study on the 
synthesis of silica nanopowder from Algerian 
river sand respectively via alkali fusion route. 

The EDX analysis  

The EDX analysis of the extracted silica is 
depicted in Figure 2. 
The EDX spectrum (as displayed in Figure 2) 
showed that Silicon and Oxygen as the main 
components of the extracted silica with 
percentage composition of 52.7% and 46.8%,  

 

Figure 1. FT-IR spectrum of extracted silica
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Figure 2. EDX spectrum of the extracted silica 

respectively. The lower composition of Al 
(0.3%) and Fe (0.2%) showed that alkali fusion 
lowered the metal oxide impurities to < 1%). 
The findings are in agreement with the XRF 
results.  

Characterization of biochar 

The coffee husk biochar material pyrolyzed at 
500 oC for 5 hours was characterized by XRD, 
SEM, EDX, and FT-IR.  

The XRD analysis 

The XRD results of the coffee husk biochar are 
demonstrated in Figure 3. The results for the 

XRD diffractogram showed two major peaks at 
2θ = 23o and 45o which corresponded to the 
highly amorphous and diffuse graphite peaks 
(JCPDS-ICDD file No. 41-1487). This 
characterized a predominantly amorphous 
carbon structure. There was no evidence of any 
inorganic phases in the XRD patterns showing 
that the prepared biochar samples had 
negligible ash content [19]. The findings of the 
study showed a highly amorphous carbon 
structure of the biochar materials. 

The SEM analysis 

The SEM micrograph of the biochar material is 
demonstrated in Figure 4. 

 

Figure 3. The XRD pattern of the coffee husk biochar
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Figure 4. SEM micrograph of coffee husk biochar 

The SEM image (Figure 4) showed a rugged and 
more porous biochar surface. This could be due 
to decomposition of volatile compounds during 
pyrolytic treatment of the biomass material 
[19]. This porous nature of the biochar carbon 
structure enhanced its surface area which could 
improve its usability for carbothermal 
reduction of silica materials during SiC 
synthesis.  

The EDX analysis 

The EDX spectrum of the coffee husk biochar is 
illustrated in Figure 5. 
The EDX spectrum showed elemental 
composition of 73.4% (C), 21.8% (O), 3.6% (Si), 
0.6% (Al), and 0.5% (Cl). The results showed 
carbon and silica as the main components of the 
biochar material with negligible ash contents.  

The FT-IR Analysis 

The FT-IR Analysis of the biochar material is 
depicted in Figure 6. 

 

Figure 5. The EDX spectrum of coffee husk biochar
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Figure 6. The FT-IR spectrum of coffee husk biochar 

The FT-IR spectrum (Figure 6) showed a 
characteristic peak at 1589.64 cm-1 which could 
be due to aromatic C=C groups [22]. The peaks 
at 1076.32 cm-1 and 445.59 cm-1 confirmed the 
presence of silica contents in the biochar 
material. A broad peak at 3408.88 cm-1 can be 
ascribed to the stretching vibration of O-H of 
adsorbed water molecules on the biochar 
material [24]. 

Characterization of SiC composites 

The synthesized SiC composites were 
characterized by FT-IR, XRD, SEM, and EDX. The 
results are presented in the following sub-
sections.  

The FT-IR analysis  

The FT-IR spectrum for the Silicon carbide (SiC) 
composite material is shown in Figure 7.  
The FT-IR results showed a characteristic peak 
at 849.23 cm-1 attributed to Si-C stretch band 
[17]. A peak at 3408.88 cm-1 could be due to 
adsorbed water molecule on the SiC surface. 
This is confirmed by a flexion band at 1643.68 
cm-1.  

The XRD analysis  

The XRD pattern of SiC composite is presented 
in Figure 8. 

 

Figure 7. The FT-IR spectrum of SiC composite
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Figure 8. XRD pattern for SiC composite 

The XRD diffraction pattern exhibited β-SiC 
(JCPDS-ICDD file No. 75-0254) confirming the 
formation of SiC. The noise level and the 
absence of any other diffraction peaks showed 
that the synthesized β-SiC was highly pure. This 
also revealed absence of silica and carbon 
residues in the SiC composite material. 

The SEM analysis  

The SEM results for SiC composites are 
demonstrated in Figure 9. From the SEM 

micrograph (Figure 9), the synthesized SiC 
composites consist of sphere-shaped and 
macron sized composites. The SEM images 
showed that the particle size of β-SiC was less 
than 5 𝜇m.  

The EDX analysis  

The EDX spectrum for SiC composite is 
illustrated in Figure 10. 

 

 

Figure 9. SEM micrograph for SiC composite
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Figure 10. EDX spectrum of SiC composite 

The main chemical composition (EDX spectrum) 
was found to be Si (59.3%) and C (28.7%). It 
can be seen that the sample compose of silicon 
and carbon. Minor peak for copper observed 
could be due to contamination from the 
corundum tube during the ball milling and/or 
firing process and the copper grid sample 
holder [25]. 

Conclusion  

The results for the extracted silica showed a 
highly amorphous silica with hydroxyl in silanol 
(Si-OH) and siloxane (Si-O-Si) functional groups. 
The results for the coffee husk biochar showed 
a highly amorphous, porous carbon structure 
with a high carbon/silica contents as carbon 
and silica precursors for the synthesis of SiC 
composites. The carbothermal reduction 
process yielded a highly pure and spherical 
shaped SiC materials. The findings of the study 
revealed the use of coffee husk wastes novel 
materials (with a higher silica and carbon 
contents) for the synthesis of SiC bioceramic 
composite using a cheaper and greener 
synthetic approach for vast applications in 
various fields.  
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