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A B S T R A C T

Pyrolyzed carbon materials give fascinating solutions for many problems in the current research world. The 
locally available organic wastes can be pyrolyzed and tuned for their properties for various applications. 
Coconut-based materials such as shell and fiber have shown promising results in different technological appli
cations. However, a detailed study of the structural and property evolution of these materials has not been 
carried out yet. In this work, the evolution of conductivity and piezoresistivity of coconut fiber-derived carbon is 
studied. Coconut fiber is pyrolyzed at different temperatures 600 ◦C, (CCP600) 800 ◦C (CCP800) and 1000 ◦C 
(CCP1000) to produce carbon fiber. Electrical conductivity experiments show differences between CCP600, 
CCP800 and CCP1000, with CCP600 displaying much lower conductivity at approximately (0.7 S/m) compared 
to CCP800 (1 × 103 S/m) and CCP1000 (1.4 × 103 S/m). Conversely, CCP600 demonstrates impressive pie
zoresistive characteristics, exhibiting significant resistance changes even under minimal strain. The gauge factor 
for the coconut fiber-derived carbon was found to be 4.1 for CCP600, 1.0 for CCP800, and 0.3 for CCP1000. 
Further, the powdered carbon samples show an increase in the gauge factor to a range of 36.8, which makes 
CCP600 well-suited for sensor applications requiring precise sensing capabilities. The present study suggests that 
CCP600, with its low cost and ease of fabrication, is a promising material for low-budget sensor applications.

1. Introduction

Pyrolyzed carbon materials have emerged as exciting candidates in
various areas of research towards usability in micro and nano devices 
[1–3]. Researchers have carried out pyrolysis of organic materials to 
synthesize graphite/graphene-like materials with interesting mechani
cal, electrical, and thermal properties, to name a few [4–6]. The prop
erties of these pyrolyzed materials can be tuned by varying the pyrolysis 
temperature making it suitable for various technological applications in 
battery electrodes [7], supercapacitors [8], dye-sensitized solar cell [9] 
water filtration or adsorbents [10], carbon fibres [11,12], etc. Notably, 
the structure and properties of these carbon materials are also affected 
by the source used, which can be diverse, ranging from cokes and pitches 
to polymers and organic matter.

Recently, studies have focused on the facile synthesis of carbon 
materials by the pyrolysis of organic wastes because of its abundance, 
low cost, and eco-friendly nature[9,13–16]. Out of these different 
organic wastes, coconut shells and coconut fibers are widely studied for 
different applications [17–20]. Due to its high surface area and porous 

nature, the coconut-based activated carbon fibers are used in applica
tions such as efficient adsorption of organic dyes [21,22]. The carbon 
fibers were prepared via carbonization at 600 ◦C and KOH activation at 
900 ◦C. It was found that the activation process increases the specific 
surface area of the carbon fibers. The maximum adsorption capacities 
were, 22.1, 20.7 and 21.3 mg g 1, respectively for, Congo red, neutral 
red systems, and methylene blue [21,22]. The research carried out on 
transforming coconut fiber waste to graphitic carbon using nickel par
ticles as a catalyst showed promising results as a gas diffusion layer 
[GDL] in proton exchange membrane fuel cell (PEMFC). The study used 
a Ni-based catalyst and the pyrolysis was carried out at 1300 ◦C for 3 h. 
The results show a transformation from amorphous to ordered graphitic 
nanostructure at 1200 ◦C. This structural change enhanced the electrical 
conductivity of carbon from 14.97 to 25.75 S/cm [23]. Researchers have 
also explored its applications in fields like wave absorption. The coconut 
fibers are extracted from the husk and activated using a KOH solution at 
750 ◦C. The study attained an optimal reflection loss of 45.6 dB at 
10.96 GHz with a corresponding effective bandwidth of 3.5 GHz at a 
thickness of 3.0 mm [24]. For Battery electrodes, the biomass-derived 
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± 140 at strains ranging from 0.021 % to 0.042 % [34]. These studies 
confirm the piezoresistive response in carbon fibers and gives a potential 
to explore piezoresistive behavior in materials with similar graphitic 
content.

There are also studies on the evolution of piezoresistive behavior in 
pyrolyzed carbon. The effect of tensile stress on the piezoresistive 
response of R10993-derived polymeric carbon was investigated by Hunt 
et al. [30]. The piezoresistance coefficient (resistance variation with the 
function of stress) for the pyrolyzed carbon at 600 ◦C was 5x10 10 

m2N 1 and became zero at 1200 ◦C. The study proposed that during 
heating, the piezoresistive behavior is obtained by the change in the 
band structure of the material [30]. But this consideration was based on 
a ribbon-like model of glassy carbons which is not energetically favor
able at higher temperatures [35,36]. Stritt et al. investigated long-range 
conductivity mechanisms in SU-8 3005 photoresist-derived glassy car
bon. They used the Van der Pauw technique, Broadband Coaxial Probe 
(BCP) and Microwave Cavity Perturbation (MCP)methods for measuring 
the DC conductivity. There was an exponential increase in conductivity 
in all methods that is expected for a disordered material above the 
percolation threshold [37]. Wang et al. made carbonized silk fabric 
strain sensor that shows a gauge factor (GF) of 5.8 even for very small 
strains in the range of 0–1% [38]. Jang et al. studied the SU-8-derived 
glassy carbon (GC) MEMS strain sensor pyrolyzed to 700 ◦C and 
900 ◦C and reported a gauge factor of 2 for GC900 and 3.5 for GC700. 
The study correlates the increase in the in-plane size of the sp2 cluster 
(La) and the alignment of fullerene-like layers at high temperatures to 
the intrinsic piezoresistivity of the glassy carbon [39]. The piezoresistive 
response was also observed in pyrolyzed thin films. Nano crystalline 

graphene prepared from microposit S1805 positive photoresist show 
promising piezoresistive response with a gauge factor of order 20 [40].

These studies show the possibility of piezoresistive response in py
rolyzed carbons. However, there are only limited investigations into the 
origin of piezoresistive behavior and its correlation with microstructural 
evolution in pyrolyzed carbon. Moreover, there are no reported studies 
on the piezoresistive behavior in coconut fiber pyrolyzed carbon (CCP). 
The present study aims to understand the evolution of inherent piezor
esistive behavior in coconut fiber-derived pyrolyzed carbons. The study 
also explores the piezoresistive nature of pyrolyzed carbon powders 
from coconut fiber at different temperatures.

2. Materials and methods

2.1. Preparation of pyrolyzed carbon fibers

Coconut fibers were collected from the local manufacturing unit in 
Calicut, India. Initially washed using tap water, rinsed using DI water, 
and dried in the hot air oven at 150 ◦C for 1 h to remove any moisture 
present. The pyrolysis of coconut fiber was done at different tempera
tures under an Argon gas environment using a tubular furnace (Thermo 
Scientific, Thermolyne, USA). The pyrolysis was carried out at 600 ◦C, 
800 ◦C and 1000 ◦C. The heating rate was 10 oC/min with a holding time 
of 5 h at the pyrolysis temperature.

2.2. Sample preparation for conductivity and piezoresistivity 
measurements of single-fiber

The CCP600, CCP800, and CCP1000 samples were pyrolyzed and 
separated as shown in Fig. 1. A 0.15 mm thickness polyvinyl chloride 
(PVC) sheet was used as a substrate. The thickness of the fiber was 
measured using an optical microscope. The CCP fibers were connected to 
a copper wire of 0.17 mm dia. using silver paste and cured using a 
hotplate at 50 ◦C for 30 min.

A commercially available adhesive (Fevicol from Pidilite Industries 
Ltd., India) was applied to the fiber to attach it firmly to the substrate. 
The microstructure of coating and bonding of single fiber on PVC and 
adhesive is studied (Given in Supplementary Information Fig. SI1). It 
was found there was no gap between the fiber and the substrate.

2.3. Sample preparation for piezoresistivity measurements of powdered 
samples

The pyrolyzed samples were powdered to fine size using mortar and 
pestle. The particle size of CCP powder ranges from 3 μm to 10 μm 
(Supplementary Information Fig.SI2). The 0.15 mm thick PVC sheet was 
sized into a square of 300 mm then a 250 × 200 mm shape was drawn on 
the substrate. To ensure the powder is added evenly, adhesive tape was 
fixed on four sides over the marked line leaving a space in the center. A 
commercially available adhesive (Fevicol from Pidilite Industries Ltd., 
India) was applied over the marked space, above which the powder was 
added and the remaining powder on the top was removed. The powder 
attached to the adhesive is cast tightly and allowed to settle. This process 
ensures a similar powder thickness to that of the adhesive tape for all 
samples. The cross-section images of sample CCP600, CCP800 and 
CCP1000 were analyzed to confirm the thickness of the powder and the 
bonding between the substrate, adhesive and powder. (Supplementary 
Information Fig.SI3). Then the copper wire was attached using silver 
paste and allowed to cure using a hotplate at 50 ◦C for 30 min.

2.4. Piezoresistivity measurements

The piezoresistivity measurements were carried out using a custom- 
made in situ micro tensile tester which is set up as shown in Fig. 2. The 
sample was loaded between the grips and a compressive force was 
applied to bend the substrate and the corresponding readings of 

carbon is used as high-performing nano-graphite at 850 ◦C. The samples 
show an electrochemical performance of ~200 mA h g 1 at 5C for 1000 
cycles (1C = 372 mA g 1) as a fast-charging anode for lithium-ion bat-
teries [25]. For supercapacitors, the activated carbon (AC) was mixed 
with KOH and activated at 400 ◦C for 1 h and 800 ◦C for 3 h. The 
capacitance increased significantly up to 46-fold, from 3.22 to 148.20 
F/g [26]. Most of these studies use a two-step synthesis method in which 
after the first pyrolysis to intermediate temperatures, the fibers are 
powdered and pyrolyzed to higher temperatures and the initial aspect 
ratio is not maintained. By direct one-step synthesis, coconut fibers can 
be converted into carbon fibers with properties comparable to 
commercially available ones. Studies on the microstructural evolution 
during pyrolysis, reveal a similar graphitization pathway to polymer 
derived carbon fibers [27]. This similarity in graphitic content suggests a 
potential for piezoresistive behavior, as observed in unmodified 
PAN-based carbon fibers [28].

Piezoresistive behavior refers to the change in electrical resistance 
with mechanical strain. It enables resistance-based sensing of strain or 
stress and is quantified by the gauge factor (GF), defined as the fractional 
change in resistance per unit strain [29]. Conor and Owston were the 
first to study the inherent piezoresistive behavior of single carbon and 
reported a gauge factor between 0.7 and 1. The study found that the 
resistance increases with the tensile strain and related these changes 
with the degree of misorientation between crystallites [30]. Later, Berg 
et al. carried out experiments in carbon fibers and observed piezor-
esistive behavior during the stretching of carbon fibers with different 
modulus. The resistance increased when the mechanical tensile strain is 
applied for low-modulus material and the resistance of high-modulus 
fiber decreased with the tensile strain [31]. Endo et al. proposed that 
the resistivity changes may originate from the contact resistance of grain 
boundaries or the effect of stress on the electrical conduction in graphite 
planes [32]. Blazewicz et al. examined the piezoresistivity effect in 
different carbon fibers, they observed that the piezoresistivity effect is 
positive for carbon fibers with relatively small crystallite sizes and 
higher tensile strain [33]. Xi et al. observed the resistance-self-sensing 
ability of unmodified PAN-based carbon fibres with piezoresistive 
behavior. The gauge factor was found to be negative at two different 
strain ranges 406 ± 20 at strains ranging from 0 to 0.021 % and 1914 



resistance were noted using a source meter [41]. Using resistance values 
and strain values, the gauge factor was calculated as described in San
deep et al. [42]. The graph was plotted between change in resistance 
(ΔR/Ro) vs strain %. The gauge factor was calculated from the slope 
value using the linear fit method in the Origin software.

2.5. Material characterization

The morphological studies have been carried out in Secondary 
Electron (SE) mode using a Hitachi SU6600 Field Emission Scanning 
Electron Microscope (FE-SEM) with an acceleration voltage of 3 KV and 
11 KV and using Carl Zeiss Gemini 1, Sigma 300, Germany (FE-SEM) 
with acceleration voltage 2 KV, equipped with an energy dispersive X- 
ray spectroscope (SMART EDX, Carl Zeiss). The degradation study was 

carried out using Thermogravimetric analysis TGA and Differential 
Thermogravimetry DTG analysis (Hitachi, STA 7200 Model). The sur
face area analysis was done using the BET setup (SmartSorb 93, Smart 
Instruments Company Private Limited, India). Raman studies were 
carried out using a confocal Raman Spectrometer (LABRam HR Evolu
tion, HORIBA Scientific, Japan) with a laser excitation wavelength of 
532 nm. XRD analysis of the pyrolyzed sample was conducted using an 
X-ray diffractometer (PANalytical Xpert3, Netherlands) with Cu Kα ra
diation (λ = 1.5406 Å). High-resolution transmission electron micro
scopy (TEM) and selected area electron diffraction (SAED) were carried
out using a double aberration Cs-corrected TFS Themis Z (ThermoFisher
Scientific) equipped with the Gatan OneView CMOS camera. The
resistance of the pyrolyzed fiber was measured using a two-point probe
system (Keithley Model 2450 Source Meter® SMU Instrument,

Fig. 1. Schematic representation of the synthesis of coconut fiber-derived carbon.

Fig. 2. (a) Schematic representation of setup used in testing piezoresistivity of the pyrolyzed carbon fiber. (b), (c) images of the bending experiment. (d) Schematic 
representation of the bending experiment. (e) initial (continuous) and final (dotted) curvature of the substrate during a lateral movement of x.



Further, with the temperature increase, the attachment of disordered 
carbon towards the edges of sp2 carbon crystallites occurs. This sp3 to 
sp2 conversion increases the in-plane correlation length or crystallite 
size (La) increasing the ordered sp2 graphitic domains. There will be a 
transformation from amorphous or disordered carbon to a less defective 
organized graphene-like structure with smaller La [44]. This length La is 
proportional to the number of aromatic rings present in the material. In 
the case of amorphous material, the D band strength is proportional to 
the probability of finding a six-fold aromatic ring in the material. With 
the increase in aromatic rings, the D band strength increases and the 
Id/Ig ratio increases [45].

Fig. 3b-d shows high-resolution TEM images of pyrolyzed coconut 
fiber. The microstructural evolutions of the graphitic domains are 
observed with an increase in temperature. This is consistent with the 
Raman characterization that the increase in the Id/Ig ratio represents the 
growth of in-plane correlation length La of sp2 graphitic domains. After 
the initial carbonization, further graphitization proceeds in two ways. 
This is by the attachment of the disordered carbon to the edges of the 
crystallites and by the ordering and merging of the crystallites, which 
leads to an increase in crystallite size [6]. The evolution of curved sp2 

graphitic domains with few graphene-like layers is visible in the TEM 
images. The Selected Area Electron Diffraction (SAED) patterns show 
two rings, (100) and (110) correspond to characteristics of 

Fig. 3. (a) Raman spectrum of coconut fiber-derived carbon. (b), (c) &(d) High-resolution TEM images of pyrolyzed fiber-derived carbon at different temperatures. 
The insets show the corresponding SAED pattern, where the marked (100) and (110) rings become sharper with increasing temperature.

Tektronix, USA). The thickness of the fiber was measured using the 
optical microscope (RXLR-5, Radical, India).

3. Results and discussions

3.1. Raman spectra and TEM analysis

Fig. 3 a, shows the Raman spectra of the pyrolyzed coconut fiber. The 
G band, measured in the range of 1590–1595 cm 1 corresponds to the 
in-plane stretching mode of sp2-bonded carbon. The D band is observed 
in the range of 1342-1337.7 cm 1 corresponds to the breathing mode of 
the sp2 aromatic rings. The rise in the intensity of D peak is observed 
here from CCP600 to CCP1000 which leads to an increase in the Id/Ig 
ratio.

The Id/Ig ratio increased from 0.77 to 0.93, and 1.025 for CCP600, 
CCP800, and CCP1000 respectively. An increase in the Id/Ig ratio con-
firms the increasing graphitic domains in the material. The structure of 
the starting material plays a major role here. It consists of cellulose, 
hemicellulose and lignin. Lignin is an amorphous, highly branched and 
heterogeneous aromatic polymer [43]. During pyrolysis, after the initial 
carbonization, a carbonaceous structure is formed consisting of 
sp2-bonded aromatic rings and the disorder carbon. This will be a 
starting skeleton for the graphitization process.



rate of heating.
The surface area analysis was done for pyrolyzed carbon at different 

temperatures. For CCP600 surface area was 341.6 m2/g which is raised 
to 814.3 m2/g for CCP800 and 1200 m2/g for CCP1000. The increase in 
the surface area confirms the increase in the porosity at elevated 
temperatures.

3.3. Electrical conductivity and piezoresistive study of single-fiber

The sample prepared for the electrical conductivity and piezor
esistive measurements is shown in Fig. 5 a. Fig. 5 b shows the image of 
the in-house built micro tensile tester setup. Fig. 5. C shows the electrical 
conductivity of the samples at different temperature. In CCP600 the 
electrical conductivity is 0.7 ± 0.5 S/m which increased to 1069 ± 19 S/ 
m in CCP800 and 1493 ± 25 S/m in CCP1000. Fig. 5d shows the 
maximum observed GF for the fiber samples which is 4.1 for CCP600, 
1.0 for CCP800 and 0.3 for CCP1000. Fig. 5e gives the average value of 
the GF with a standard deviation of samples indicating a GF of 2.7 ± 0.9 
for CCP600, 0.6 ± 0.2 for CCP800 and 0.3 ± 0.1 for CCP1000. The re
sults demonstrate the inherent piezoresistive nature of coconut fiber- 
derived carbon. The piezoresistive response is higher for CCP600 and 
decreases with increasing pyrolysis temperature. The results agree with 
the previous studies which showed an increase in electrical conductivity 
and a decrease in piezoresistivity (GF) with increasing pyrolysis 
temperature.

The increase in conductivity can be attributed to the increase in the 
sp2 content which increases the in-plane size of the sp2 cluster (La). The 
increase La and the alignment of crystallites at high temperatures which 
affects the conductivity and intrinsic piezoresistivity of the glassy car
bon [39]. The structure of pyrolyzed carbon at lower pyrolysis tem
peratures consists of conducting sp2 graphitic domains dispersed in an 
insulating sp3 matrix. As the temperature increases, the attachment of 
disordered carbon towards the edges of sp2 carbon crystallites occurs 
[52]. This sp3 to sp2 conversion increases the in-plane correlation length 
or crystallite size (La) increasing the ordered sp2 graphitic domains. 
There will be a transformation from amorphous carbon or disordered 
carbon to a less defective organized graphene-like structure with smaller 
La. The conductivity in the pyrolyzed carbon can be explained by the 
proposed tunneling model, which says that the tunneling of electrons 
between the conductive sp2 clusters occurs when the distance between 

Fig. 4. (a–c): SEM images of pyrolyzed carbon fiber at different temperatures. The images show the morphological changes and evolution of silica particles at 
different temperatures. (d–f): High magnification surface image of CCP600, CCP800 and CCP1000 samples showing the evolution of porosity on the surface.

sp2-hybridized carbon materials [46]. It can be also observed that the 
rings are becoming sharper with the increase in the pyrolysis tempera-
ture which shows the formation of a more ordered structure. The crys-
tallite size was calculated from the intensity profiles of the SAED 
patterns using the Scherrer equation [47–49]. The crystallite size was 
found to be 2.8 nm for the CCP 1000 sample. The calculated crystallite 
size is comparable with previous studies on polymer-derived glassy 
carbon/nanocrystalline graphene [48,50]. From the XRD studies (Given 
in Supplementary Information Fig.SI4) a broad (002) peak and (100) 
peak is observed in the regions 26o and 44o which also shows the 
graphitic nature of pyrolyzed carbon.

3.2. SEM analysis

Fig. 4a-c shows the low magnification SEM images of the pyrolyzed 
coconut fibers at different temperatures. The SEM images indicate an 
influence of the temperature on the topography of the fiber surface. The 
evolution of pores can be observed at higher temperatures. From the 
cross-section images of these pyrolyzed fibers (Given in Supplementary 
Information Figure SI5), a narrow, hollow tube-like structure is visible. 
This structure depicts the pathway through which water molecules and 
minerals move. It is to be noted that the tubular structure is not altered 
after the pyrolysis to high temperatures.

Additionally, bright spherical particles identified as silica particles 
were seen fused over the surface. These silica particles are also observed 
at higher temperatures. In certain regions, these silica particles are 
completely absent leaving circular-shaped pits with pores on the fiber 
surface (Supplementary Information Figure SI6). The silica particles on 
the surface can be removed using an aqueous NaOH solution 
(Supplementary Information Figure SI7). In this study, silica etching was 
not carried out for piezoresistive measurements.

During pyrolysis, the main cell wall components such as cellulose, 
hemicellulose and lignin start decomposing. This is also confirmed using 
the TGA analysis (Given in the Supplementary Information Fig.SI8). 
Decomposition of abundant adjacent hydroxyls in both cellulose and 
hemicellulose produce micropores while aromatic p-hydroxy phenyl, 
guaicyl and syringyl units from lignin form non-microporous sp2 struc-
tures [51]. Fig. 4 d-f shows higher magnification images of the 
increasing porosity at increasing temperatures. The extent of pore for-
mation will depend on the heating temperature, heating duration and 



the conductive particles is small and the electron wave functions from 
two conductors overlap inside the insulating material [53].

Here the electrons tunnel between two sp2 graphitic domains in 
insulating sp3 matrix as shown in Fig. 6. As the temperature increases in 
CCP800 and CCP1000, the growth of ordered sp2 graphitic domains 
occur reducing the gap between these domains. This will reduce the 
tunneling distance of the electrons. This reduced barrier leads to lower 
electrical resistance and consequently, improved conductivity.

As explained above, the piezoresistive behavior is also linked to the 

change in the tunneling distance between the conducting sp2 graphitic 
domains in the insulating sp3 matrix [54,55]. During bending, the 
induced strain increases the gap between sp2 graphitic domains, hin
dering electron movement and increasing resistance. This change in 
resistance results in the inherent piezoresistive nature of the pyrolyzed 
coconut fiber.

At higher temperatures, as explained above the tunneling distance is 
reduced due to the growth of sp2 graphitic domains. The variation in the 
tunneling distance is also reduced during the bending. The resistance 

Fig. 5. (a) The prepared fiber sample (b) The sample loaded between the in situ micro tensile tester (c) The bar diagram showing the electrical conductivity of the 
fiber samples (d) Maximum observed GF of fiber samples (e) The Error bar graph for the GF of fiber samples.

Fig. 6. Electron transfer in pyrolyzed single carbon fiber sample.



pressure sensors etc. which can be tuned according for various appli
cations in automobile, aerospace and medical fields.

4. Conclusion

The study focuses on the correlation of microstructure, morphology
and piezoresistivity of pyrolyzed coconut fiber. Coconut fiber is pyro
lyzed at different temperatures 600 ◦C, (CCP600) 800 ◦C (CCP800) and 
1000 ◦C (CCP1000) to produce carbon fiber. The microstructural evo
lution of the pyrolysis was studied in detail. The formation of sp2 

graphitic regions in the sp3 matrix was confirmed by Raman Spectros
copy. The surface morphology of the fiber also changed with higher 
temperatures and showed the evolution of porosity. Conductivity ex
periments show that the electrical conductivity increases with 
increasing pyrolysis temperature. The sample pyrolyzed to 600◦ (CCP 
600) displaying lower conductivity at approximately 0.745 S/m. The
conductivity increased to 1.06 × 103 S/m for CCP800 and 1.4 × 103 S/m
for CCP1000.

Piezoresistive studies on single carbon fiber derived from coconut 
fiber show that CCP600 have inherent piezoresistive characteristics, 
exhibiting significant resistance changes even under minimal strain. The 
maximum GF was found to be 4.1 for CCP600, 1.0 for CCP800 and 0.3 
for CCP1000 single fiber. Further, an increase in the gauge factor in CCP 
powdered samples to a range of 36 for CCP600, 21 for CCP800 and 8 for 
CCP1000 was observed.

The study suggests that CCP600, with its low cost and ease of 
fabrication, is a promising material for low-budget sensor applications. 
Understanding these material-specific properties facilitates informed 
material selection for optimal functionality in diverse applications. 

Fig. 7. (a) Schematic of the powdered carbon sample. (b) The sample prepared for testing (c). Maximum observed GF of powdered samples. (d) The average value 
with standard deviation.

change is lesser compared to in the lower temperature. This results in 
lesser piezoresistivity and corresponding lower gauge factors at higher 
temperatures.

3.4. Piezoresistive behavior of CCP powder

The schematic and the sample prepared using coconut-derived py-
rolyzed carbon powder can be observed in Fig. 7 a and 7. b respectively. 
Fig. 7 c. shows the piezoresistive response of the powdered samples. The 
GF was increased in all the powdered samples compared to single fiber. 
CCP600 has the highest GF of 36.8, which decreases to 21 for CCP800 
and 8.4 for CCP1000. Fig. 7d gives the average with a standard deviation 
of samples indicating a GF for 29.8 ± 5.6 for CCP600, 17.5 ± 3.2 for 
CCP800 and 5.2 ± 2.4 for CCP1000.

In powder samples, the GF value observed is high compared to the 
single fiber samples. This can be due to the presence of the contact 
resistance between the particles in addition to the tunneling resistance 
(Given in Supplementary Information Figure SI 9). The contact between 
two fiber particles causes an increase in resistance. During normal 
conditions, the conducting pathway is more with a greater number of 
contacts between the fiber. While bending, some of the contact breaks 
and the resistance increases. This causes a total increase in the resistance 
change of the sample further to a higher level.

The present study confirms the inherent piezoresistive property in 
coconut fiber-derived carbon. Temperature-dependent piezoresistivity 
makes it easier to adjust the piezoresistive response for various uses. The 
inherent piezoresistivity in coconut fiber derived carbon will open new 
possibility where the locally available coconut wastes can be utilized as 
the sensing devices. This may include the fabrication of touch sensors, 
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