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Understanding interfacial interactions is a key to enhancing composite performance. This study 
aims to investigate the structural, thermal, and morphological properties of short Diss (Ampelodesmos 
mauritanicus) fiber (SDF) functionalized with graphene nanoplatelets (GNPs). The diss fibers were 
first extracted and then alkali-treated with 4% (w/v) NaOH, while the graphene nanoplatelets were 
sonicated. A functionalized short diss fibers-graphene nanoplatelets (SDFGNPs) was prepared 
using a simple mixing method. The results clearly demonstrated strong adhesion of graphene to the 
fiber surface, as confirmed by electron microscope micrographs. This resulted in improved thermal 
stability of the fibers, as evidenced by Tmax increasing from 343 °C to 353 °C, indicating a marked 
enhancement in thermal resistance, along with a notable 70.25% reduction in final accumulated weight 
loss. Furthermore, spectroscopic analysis revealed the absence of any chemical bonding, supporting 
the hypothesis that graphene nanoplatelets mechanically adhere to the fiber surface.
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1. Introduction
The expanding use of biodegradable materials has 

become a global necessity and increasingly attracts interest 
for several reasons. Among these, the need to preserve and 
protect the environment has driven the continuous adoption 
of eco-friendly alternatives and valuing natural resources, 
such as natural fibers. The latter demonstrated an effective 
solution due to their various interesting properties including 
biodegradability, affordable cost, significantly reduced 
environmental impact, and their viability as alternatives 
to synthetic fibers. Consequently, research in this field is 
expanding rapidly, along with their growing application 
across various industries1,2. However, some fibers remain 
underexploited and have not been researched extensively, 
such as diss fiber.

Diss fiber is a species of plant widely found in the 
Mediterranean area. It is primarily composed of cellulose, 
lignin, hemicellulose, and extractable matter, with mass 
fractions of 45.2%, 15.6%, 26%, and 13.2%, respectively3. 
May and Moussa4 conducted a detailed characterization of 
diss fibers using various analytical techniques. Their findings 
suggest that diss fibers represent a promising alternative to 
conventional non-wood raw materials, offering potential 

for sustainable applications. Recently, some works were 
achieved using diss fibers as reinforcement, in polymer 
matrix5,6, and cement matrix7. In this regard, Nouri et al.5 
demonstrated that reinforcement with a 10% diss fiber 
mass loading improves the mechanical properties of the 
polypropylene (PP) biocomposite.

Natural fibers usually undergo chemical treatments, such 
as alkali treatment, to reduce their hydrophilicity, thereby 
enhancing their adhesion to the polymer matrix8. This, in 
turn, improves the overall performance of the composite. For 
example, the hardness of NaOH-treated Balanites aegyptiaca 
fiber (NBA) composites was investigated and compared to 
that of raw Balanites aegyptiaca fiber (RBA) composites. 
The treated composites exhibited higher hardness values, 
which increased with increasing fiber weight loading9. 
Moreover, thermal analysis was conducted to evaluate 
the suitability of alkali-treated Cordia dichotoma fiber 
compared to untreated fiber. The results indicated that the 
treated fiber exhibited greater thermal stability, supporting 
its use as a reinforcement material in composites processed 
at temperatures not exceeding 290 °C10. In another work, 
Reddy et al.11 reported that polyester composites reinforced 
with alkali-treated Tapsi fibers demonstrated superior 
mechanical properties compared to those with untreated 
fibers. As a natural lignocellulosic fiber, diss is often treated 
chemically, particularly through alkali treatment, to modify 
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its structural and interfacial properties. In this regard, research 
conducted by Achour  et  al.12 indicates that treating diss 
fibers with 1%, 2%, and 3% NaOH for 30 minutes leads 
to a significant increase in the crystallinity index by 7%, 
8%, and 13%, respectively. Furthermore, Remila  et  al.6 
reported that incorporating 20%.wt of treated diss fiber in 
poly (3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) 
biocomposite enhances their mechanical and thermal properties.

On the other hand, the use of nanomaterial additives has 
continued to grow across various domains thanks to their 
exceptional properties, for example the high specific surface 
area. As a result, their application as nanofillers has attracted 
significant attention from researchers aiming to enhance 
the performance of polymer-based composites. Graphene, 
a widely recognized nanomaterial, is a two-dimensional 
(2D) structure consisting of a single layer of carbon atoms 
structured in a hexagonal arrangement13. In general, graphene 
can be categorized based on the number of its constituent 
layers, as follows: single-layer, bilayer, few-layer, and 
nanoplatelet forms (GNPs)14.

In several studies, the effect of graphene nanoplatelets 
(GNPs) have been investigated across a wide range of 
research fields, notably as nanofiller in polymer matrix15. 
Srivastava  et  al.16 examined the influence of graphene 
nanoplatelets coating content on the mechanical properties of 
carbon fiber/epoxy composites. The obtained results revealed 
a significant enhancement of 20% in flexural modulus with the 
incorporation of 0.4 wt.% graphene nanoplatelets. Moreover, 
a study was conducted to investigate the incorporation of 
1 wt.% graphene nanoplatelets (GNPs) into polyaniline 
(PANI). The resulting PANI/GNPs nanocomposites exhibited 
a 100% improvement in electrical conductivity compared 
to graphene-free PANI17. Additionally, Zailan  et  al.18 
demonstrated that adding 2 wt.% of graphene nanoplatelets 
(GNPs) along with 3 wt.% of polyanilines (PANi) to the 
(TPNR/PANi/GNPs) nanocomposite led to a 62.8% increase 
in tensile strength and a 151.8% enhancement in Young’s 
modulus. Other research19 highlights the effects of graphene 
on the performance of polymer-based composites reinforced 
with natural flax fibers. Their findings indicate that graphene 
significantly enhances matrix-fiber interfacial adhesion, 
leading to improved composite properties. Boudjellal et al.20 
prepared a hybrid material based on Alfa fibers/graphene 
nanoplatelets. The resulting composite showed uniform 
graphene nanoplatelets deposition on the surface of Alfa fiber, 
along with improved thermal stability, highlighting its potential 

for advanced applications. In another study, functionalized 
graphene nanoplatelets were incorporated into polylactic 
acid/liquid natural rubber (PLA/LNR) nanocomposites. 
The results indicated that both ADA-functionalized GNPs 
(GNP-A) and TX100-functionalized GNPs (GNP-T) exhibited 
improved dispersion within the nanocomposite compared 
to unfunctionalized GNPs, which contributed to enhanced 
mechanical properties21.

This work aims to prepare a functionalized filler/fiber 
material by combining short diss fibers with graphene 
nanoplatelets (SDFGNPs) using a mixing method. The 
structural, thermal, and morphological properties of the 
prepared material were investigated through multiple 
characterization techniques. The findings can provide insights 
into the interface mechanisms, which could enhance future 
applications and aid in selecting the appropriate choice for 
composites materials reinforced with natural diss fibers.

2. Materials and Methods

2.1. Materials
Diss plant was harvested from Algeria in North Africa. 

Graphene nanoplatelets (GNPs) were obtained from 
NANOGRAFI (Turkey) with the following specifications: 
specific surface area of 320 m2/g, 99.9% purity, diameter of 
1.5 μm, and an average thickness of 3 nm. Figure 1 presents 
an overview of the GNPs used in this work. Figure  1a 
displays TEM micrograph of GNPs at low magnification. 
As shown, a clear contrast in darkness is observed, resulting 
from the overlapping of the planar GNPs layers. On the 
other hand, Figure 1b exhibits GNPs at high magnification, 
illustrating a stack of layers with a thickness of 4.71 nm and 
2.63 nm, confirming the technical specifications provided 
by the supplier. Figure 1c shows the XPS survey spectra of 
GNPs, with two peaks corresponding to binding energies 
of C1s at 284 eV and O1s at 532 eV. These peaks reveal a 
high carbon content of 95.3% and low oxygen content of 
4.7%, with a C/O ratio of 20.27. The low oxygen content 
likely originates from slight oxidation during purification 
or limited exposure to ambient moisture22.

2.2. Preparation of short diss fibers (SDF)
The diss stems were separated from the plant and cut 

into short segments, averaging 3 mm in length, followed by 
mechanical grinding. The resulting short diss fibers (SDF) 

Figure 1. TEM micrographs and XPS analysis of GNPs, (a) low magnification (b) high magnification and (c) XPS survey spectra.
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were subjected to Soxhlet extraction using a toluene-ethanol 
(62/38% v/v) mixture for 6 hours to eliminate extractable 
substances. Finally, the extracted SDF underwent drying at 
65 °C until complete evaporation.

2.3. Alkali treatment
An alkali treatment was carried out to eliminate the non-

cellulosic components and impurities. The SDF were immersed 
in a 4% (w/v) sodium hydroxide (NaOH) solution for a total 
duration of 6 h, conducted in three equal cycles of 2 hours 
each23. Camargo et al.24 reported that adequate alkali treatments 
enhance cellulose crystallinity, whereas higher concentration 
cause excessive delignification, weakening or damaging the 
fibers. After each cycle, the SDF were thoroughly washed 
with distilled water. A neutralization step was then performed 
using acetic acid (CH3COOH) until a neutral pH was reached. 
Finally, the treated SDF were dried at 65 °C for 6 h.

2.4. Preparation of functionalized filler/fiber 
(SDFGNPs)

Initially, GNPs were dispersed into ethanol at a concentration 
of 1 mg/ml, followed by a sonication for 2 h. Thereafter, a 
functionalized filler/fiber was prepared by a simple mixing 
method. For instance, to prepare SDFGNPs containing 0.1 g of 
SDF, a quantity of 0.1 g of GNPs is required, which is equivalent 
to 100 ml of dispersed GNPs solution. The mixture was then 
magnetically stirred at 300 rpm for 2 hours at 65 °C. Afterward, 
the short diss fibers/graphene nanoplatelets (SDFGNPs) was 
dried at 65 °C for 6 hours to remove any remaining ethanol. 
A schematic illustration detailing the sequential steps involved 
in the preparation of SDFGNPs is depicted in Figure 2.

2.5. Methods
Transmission electron microscopy (TEM) analysis was 

undertaken using a JEOL-JEM-2100 (JEOL Ltd., Tokyo, 

Japan) operated with a LaB6 electron gun at 200 kV and 
equipped with a CCD camera (Orious SC1000). X-ray 
photoelectron spectroscopy (XPS) analysis was achieved 
using an XPS ESCALAB 250XI Spectrometer (Thermo 
Fisher Scientific Inc, MA, USA), with a monochromatic 
Al-Kα radiation source at emission energy of 1486.6 eV. 
Scanning electron microscopy (SEM) analysis was examined 
with the aid of a JEOL JSM-7610FPlus (JEOL Ltd., Tokyo, 
Japan) with Schottky-type field emission (S-FEG). Raman 
spectroscopy analysis was accomplished using a RENISHAW 
Spectrometer at room temperature. An operating power 
of 25 mW and a 633 nm laser excitation were used. The 
spectra were plotted between 500 and 3500 cm-1. Fourier 
Transform Infrared Spectroscopy (FTIR) analysis was 
obtained employing a Jasco FT/IR-4X Spectrometer. 
The range and resolution scan parameters were 4000 to 
400 cm−1 and 4 cm−1, respectively. Thermal behavior was 
investigated through Thermogravimetric analysis (TGA) 
and Differential Scanning Calorimetry (DSC). TGA analysis 
was performed via an SDT Q600 (TA Instruments) with a 
heating rate of 10°C/min, from room temperature to 550 °C 
under a nitrogen environment. DSC analysis was carried out 
under a nitrogen atmosphere by means of Q20 instrument 
(TA Instruments). The temperature ranged from 25 °C to 
400 °C, with a heating rate of 10 °C/min. X-ray diffraction 
(XRD) analysis was assessed with a PANalytical X-pert 
PRO-MRD diffractometer equipped with CuKα radiation 
(λ ꞊ 1.54060 Å). The scan was operated at 40 kV/15 mA, 
and 2θ sweeps from 10° to 70° with a step size of 0.03°.

3. Results and Discussion

3.1. Morphological analysis (SEM)
Figure 3 displays the SEM micrographs of untreated 

SDF, treated SDF, GNPs, and SDFGNPs. As shown in 

Figure 2. Schematic illustration of SDFGNPs preparation steps.
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Figure 3a, the longitudinal view of the raw diss fiber reveals 
a highly rough and uneven surface with visible impurities, 
attributed to the presence of non-cellulosic compounds such 
as hemicellulose and lignin. In addition, waxes and some 
pores are also distinguishable on their external surface. After 
alkali treatment, Figure 3b clearly shows a remaining rough 
but cleaner surface of the SDF, resulting from the effective 
removal of non-cellulosic constituents. Figure 3c illustrates 
the morphology of GNPs highlighting their varying sizes. 
In the case of SDFGNPs, as demonstrated in Figure 3d, the 
distribution of GNPs on the SDF fibers surface can be clearly 
seen. The GNPs are firmly adhered to the SDF due to the 
roughness of the fiber surface and irregularities, covering 
the entire surface and forming laminated layers. A similar 
phenomenon was observed by Boudjellal et al.20, reporting a 
uniform distribution of GNPs on the surface of Alfa Fiber (AF) 
and effective adhesion between the AF and GNPs. Indeed, 
the formation of ripples and wrinkles resulting from the edge 
instability in GNPs, could influence their attachment on the 
SDF surface25. Additionally, the GNPs form stacked clusters 
due to interactions between the layers of the nanoplatelets 
through van der Waals forces and π-π stacking26.

3.2. RAMAN spectroscopy
The Raman spectra of SDF, GNPs, and the SDFGNPs are 

shown in Figure 4, displaying four distinct peaks at 1330 cm−1, 
1580 cm−1, 1615 cm−1, and 2670 cm−1 in both GNPs and the 
SDFGNPs. The positions of these peaks remain consistent, 
suggesting that the GNPs structure has not been altered. The 
D peak at 1330 cm-1 is an indicative of defects in the structure 
of GNPs27. The in-plane vibrational mode arising from the 
excitation of C–C bonds is represented by the G band at 
1580 cm−1 28. Moreover, a slight shoulder Dʹ peak observed 
at 1615 cm-1 further indicates defects associated with elastic 
and inelastic phonon scattering29. Additionally, the 2D band, 

observed at approximately 2670 cm−1, is commonly considered 
to be a second-order scattering process related to the D peak30. 
On the other hand, peaks appearing at approximately 577 cm−1, 
1096 cm−1 , and 1480 cm−1 in the SDF spectrum correspond to 
vibrational modes associated with the cellulosic structure of 
natural fibers, as reported in the literature31,32. However, these 
peaks have completely vanished in the SDFGNPs spectrum. 
This phenomenon is attributed to the barrier effect caused by 
the coverage of the fiber surface by graphene nanoplatelets, 
which effectively decreases the cellulose signals during 
Raman analysis. A similar phenomenon was reported by 
da Silveira et al.33, where the characteristic cellulose peaks 
disappeared in hemp fibers coated with graphene oxide.

Figure 3. SEM micrographs of (a) untreated SDF, (b) treated SDF, (c) GNPs, and (d) SDFGNPs.

Figure 4. RAMAN spectra of SDF, GNPs, and SDFGNPs.
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3.3. Fourier transform infrared spectroscopy 
analysis (FTIR)

The FTIR spectra of GNPs, SDF, and SDFGNPs are 
shown in Figure 5. As can be seen in GNPs spectrum, a weak 
absorption band at 3322 cm−1 corresponds to –OH stretching 
vibrations, suggesting the presence of hydroxyl groups. 
A distinct peak around 1532 cm−1 is attributed to aromatic C=C 
bonds, representing the skeletal vibrations of the hexagonal 
graphitic backbone34. Additionally, two absorption bands 
at approximately 2840 cm−1 and 2912 cm−1 are associated 
with C–H stretching vibrations. The characteristic peaks 
observed at 1112 cm−1 and 1664 cm−1 are linked to C–O 
and C–C stretching vibrations. Meanwhile, the existence of 
oxidized or hydroxyl functional groups in GNPs is likely 
a consequence of oxidation during the purification process 
or exposure to atmospheric moisture22.

A comparison of the FTIR spectra for SDF and the 
SDFGNPs shows that their characteristic peaks remain largely 
unchanged, suggesting that there is no chemical interaction 
between SDF and GNPs. This probably indicates that the GNPs 
are mechanically adhered to the SDF surface. As expected for 
natural fibers, the FTIR spectrum of SDF exhibits a peak at 
895 cm−1, characteristic of cellulose β-bonds35. Moreover, a 
sharp band recorded at 1026 cm−1 is associated to the stretching 
vibration of C–OH bond, characteristic of polysaccharides36. 
Additionally, two peaks were identified at 1102 cm−1 and 
1158 cm−1 highlights characteristic features of cellulose, 
ascribed to the C–C cycle of the carbohydrate backbone 
and to the C–O–C stretching vibration of the glycosidic 
bonds, respectively37. Moreover, two peaks were observed at 
1315 cm−1, assigned to the wagging vibration of cellulose, and at 
1365 cm−1 ascribed to the hydroxyl group (OH) deformation38. 

The absorption peak at 1429 cm−1 is attributed to the CH2 
groups bending vibration in cellulose39. Another peak appears 
at 2891 cm-1, related to the methyl stretching vibration. In 
this regard, Gwon et al.36 reported that the absorbance peak 
at 2902 cm−1 shifted to 2894 cm−1 and became sharper after 
NaOH treatment, compared to the untreated wood, suggesting 
a transformation in the cellulose crystal structure after alkali 
treatment. Furthermore, the absorption band at 3330 cm−1, 
corresponding to the hydroxyl groups in cellulose and water 
within the fibers40, became less broad and attenuated after the 
addition of GNPs. Sarker et al.41 observed a similar phenomenon 
in jute fibers coated with graphene flakes.

3.4. X-Ray diffraction analysis (XRD)
The XRD patterns of GNPs, SDF, and SDFGNPs are 

shown in Figure 6. The SDF pattern exhibits a prominent peak 
at 2θ = 22.48°, characteristic of the cellulose (002) diffraction 
plane. In addition, two weaker peaks at 2θ = 15.62° and 34.56°, 
attributed to the (110) and (004) planes, respectively. The last 
observed planes are typically associated with the presence of 
amorphous cellulose39. Furthermore, the GNPs exhibits a sharp 
peak at 2θ = 26.41°, corresponds to the graphitic (002) plane 
attributed to the interlayer d-spacing of 0.34 nm42. Moreover, 
smaller peaks are observed at 2θ = 43.14°, 2θ = 44.34°, and 
2θ = 54.51°, corresponding to the graphitic (100), (101) and 
(004) plane reflections, respectively43. For the SDFGNPs, 
the XRD pattern shows the characteristic peaks of both SDF 
and GNPs, with no new peaks detected, suggesting that there 
is no interaction between the GNPs and the SDF, which is 
consistent with the FTIR analysis results.

3.5. Thermogravimetric analysis (TGA) and 
derivative thermogravimetry (DTG)

The TGA and DTG curves of GNPs, SDF, and the 
SDFGNPs are shown in Figure 7. As observed in Figure 7a, 
GNPs display a stable thermal behavior with a mass loss of 
3.6%. Furthermore, both SDF and the SDFGNPs exhibit a 
similar decomposition pattern, though with different mass loss 
and residual weight percentages. Notably, the decomposition 
of SDF and SDFGNPs occurs in three distinct stages: Stage 
I (room temperature – 220 °C), Stage II (220 – 400 °C), and 
Stage III (400 – 550 °C).

Figure 5. FTIR spectra of GNPs, SDF, and SDFGNPs. Figure 6. XRD patterns of (a) GNPs, (b) SDF, and (c) SDFGNPs.
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In stage I, a minor weight loss is observed up to 220 °C. 
This phenomenon is attributed to the evaporation of moisture 
within the fiber and the decomposition of hemicellulose35. 
By the end of this stage, the total mass loss is approximately 
0.5%, 1.5%, and 1% for GNPs, SDF, and SDFGNPs, 
respectively. The subsequent stage, considered the most critical 
in the thermal decomposition process, involves significant 
degradation primarily due to the breakdown of the cellulose 
component. It is evident that the onset temperature (Tonset) of 
SDF is 14 °C lower than that of the SDFGNPs, with values 
of 303 °C and 317 °C, respectively. A similar decrease is 
observed in weight loss as well. By the end of this stage, 
the maximum degradation for SDF reaches 68%, while the 
SDFGNPs shows a degradation of 19%. Concurrently, the 
DTG curves reveal a marked degradation rate during this 
stage (as seen in Figure 7b), where the Tmax values are 343 °C 
and 353 °C for SDF, and SDFGNPs, respectively. This shift 
indicates an improvement of 2.9% in thermal resistance. 
This behavior aligns with the depolymerization of cellulose. 
The final stage (400 – 550 °C) shows a slow decomposition, 
attributed to the breakdown of SDF towards the end of the 
thermal degradation process. The accumulated weight loss 
at the end of this stage is 73.3% for SDF and 21.8% for 
the SDFGNPs, indicating an improvement of 70.25% in 
weight loss. In this stage, the decomposition is attributed 
to the degradation of cellulose and lignin. However, lignin, 
known for its high thermal resistance, undergoes degradation 
over a broad temperature range (from 220 to 550 °C) due 
to its complex aromatic structure44. GNPs notably enhance 
the thermal stability and resistance to thermal degradation 
of the SDFGNPs compared to SDF. This improvement is 
due to the barrier function of GNPs, which contributes to 
delaying the thermal decomposition of the SDF components.

3.6. Differential scanning calorimetry (DSC)
The DSC curves of GNPs, SDF, and SDFGNPs are 

presented in Figure 8. A broad endothermic peak is observed 
around 153 °C and 145 °C, with the corresponding enthalpies 
of ΔH = 146 J/g and ΔH = 300 J/g, reflecting the maximum 
energy needed for the evaporation of absorbed moisture 
from SDF and SDFGNPs, respectively. Similarly, an 
endothermic transition for GNPs appears at approximately 
128 °C, with ΔH = 128 J/g. Additionally, the SDF and 

SDFGNPs exhibit a second endothermic peak at 312 °C 
and 319 °C, with associated enthalpy values of ΔH = 61 J/g 
and ΔH = 53 J/g, respectively. This peak correlates with the 
one observed in the DTG curves, indicating the degradation 
of fiber components such as cellulose and lignin at these 
temperatures. Interestingly, the addition of GNPs results in a 
shift of the decomposition peak to a higher temperature in the 
SDFGNPs. Meanwhile, a decrease in the enthalpy required 
for decomposition is observed in the SDFGNPs, supporting 
the hypothesis that the thermal stability is improved due 
to the barrier effect of graphene. Kim and Lee45 observed 
a similar trend in electrically heated textiles coated with a 
high-content GNP/PVDF-HFP composite.

4. Conclusions
Short diss fibers functionalized with graphene nanoplatelets 

(SDFGNPs) was successfully prepared by mixing method. 
The effect of GNPs on structural, thermal, and morphological 
properties of SDFGNPs was investigated. The findings of 
this research can be summarized as follows: SEM analysis 
clearly demonstrated the adhesion of graphene nanoplatelets 

Figure 8. DSC curves of GNPs, SDF, and SDFGNPs.

Figure 7. (a) TGA and (b) DTG curves of GNPs, SDF, and SDFGNPs.
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onto the surface of the diss fibers, effectively covering them. 
This adhesion was confirmed to be purely mechanical, as 
no new chemical bonds were formed, as evidenced by the 
FTIR analysis. Additionally, no new peaks appeared in the 
XRD and Raman spectra. The TGA results highlighted the 
significant effect of the graphene nanoplatelets in enhancing 
the thermal stability of the diss fibers, acting as a barrier 
that delays degradation. The DSC analysis revealed two 
endothermic peaks, corresponding to moisture evaporation 
and fiber degradation, with shifted temperatures after fiber 
functionalization. The developed functionalized material, 
due to its improved properties, holds strong potential for 
advanced applications such as insulating panels, smart 
textiles, and reinforced polymer composites.
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