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ABSTRACT  
The influence of alkali treatment and fiber percentage on the physical, mechanical and thermal properties 
of hemp fiber reinforced gypsum composites are examined. Short hemp fibers (15 mm in length) were 
subjected to alkali treatment using 5, 10, and 15 wt. % NaOH concentrations for 5 h. Both untreated and 
NaOH treated hemp fiber reinforced gypsum composites were fabricated with fiber percentages of 
3, 6, 9, 12, and 15 vol. % through the hand layup process. The fabricated composite samples were evaluated 
for density, water absorption, compressive strength, flexural strength, and thermal conductivity. The 
composite with 10 wt. % NaOH treated fibers, and 12 vol. % fiber content showed significant improvements, 
with a 337 % increase in flexural strength, a 136 % increase in flexural modulus, and a 109.8 % increase in 
compressive strength compared to pure gypsum. The results for thermal conductivity indicate that NaOH 
concentration has a minimal effect on enhancing thermal resistance compared to the influence of fiber 
percentage. SEM analysis of untreated and treated fibers revealed surface modifications and changes in 
fiber characteristics due to NaOH treatment. The results showed that stronger NaOH treatments and higher 
fiber content negatively impacted fiber suitability, stiffness, and overall composite properties. 
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Introduction 
Over the last decade, energy consumption in building sector has steadily increased due 
to rising comfort standards and population growth. The need for environmentally friendly 
and energy efficient materials to reduce energy consumption is critical as global energy 
reserves become increasingly strained. This has driven research into the development of 
thermal energy storage solutions, including electrochemical energy storage, latent heat 
storage, and sensible heat storage [1,2]. Gypsum based materials are widely used in 
commercial, residential, and industrial buildings for partitions, wall panels, and boards. 
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These materials have gained prominence as unique construction materials due to their 
affordability, lightweight properties, ease of application, and abundant availability [3]. 
The primary drawback of gypsum as a building material is its brittleness and heaviness. 
This limitation can be migrated by mixing gypsum with synthetic fibers, mineral particles 
and natural fibers [4]. Significant research has been conducted on the development of 
gypsum composites reinforced with natural fibers, including notable examples such as 
cellulose, hemp, palm, short sisal, and straw fibers [5–7]. Nindiyasari et al. [8] investigated 
the mechanical properties of cellulose fiber-reinforced gypsum composites and found 
that the addition of reinforcement increased the Young’s modulus, compressive strength, 
and bending strength of the composites. This improvement was attributed to the fibers' 
ability to fill the voids within the composites. Selamat et al. [9] evaluated the thermal 
and mechanical performance of gypsum composites reinforced with rice husk and oil 
palm trunk fibers. The results indicated that the composite with 20 % fiber loading 
demonstrated improved thermal stability and flexural strength. Tesárek et al. [10] 
assessed the compressive strength of gypsum composites reinforced with recycled tire 
wires. Their study revealed that composites with large voids exhibited lower compressive 
strength due to damage localization in poorly compacted areas. Amuthakkannan et al. [11] 
examines the effect of fiber content on the mechanical properties of the short basalt fiber 
reinforced composites and revealed that composites with 10 mm fiber length exhibits 
better properties than other lengths of fiber. 

In this way, natural reinforcements in gypsum matrices are increasingly important 
for the design and construction of buildings, particularly as insulation materials. Among 
various natural fibers, hemp fibers have demonstrated strong performance as a 
sustainable reinforcement, resulting in composites with enhanced physical and 
mechanical properties [12]. Several factors influence the properties of gypsum composite 
materials, including the properties of the individual constituents, fiber geometry, the 
orientation and distribution of the fibers, the fiber-matrix interface, as well as the fiber, 
size, shape, and the methods used for mixing and processing [13]. Previous investigations 
highlight that weak bonding at the interface between the reinforcement and matrix is a 
major drawback, primarily due to poor wetting between the matrix and natural fibers. As 
a result, numerous studies have focused on both physical and chemical treatments (such 
as mercerization, alkalization, acetylation and silane) of fibers to improve fiber-matrix 
adhesion, reduce moisture absorption, and enhance surface roughness [14–17]. Shejkara 
et al. [18] investigated the effect of NaOH treatment on the physical and mechanical 
properties of micro-sized walnut shell particulate (WSP) epoxy composites. Their findings 
indicated that an excessive NaOH concentration in the aqueous solution slightly 
degraded the material's properties. Yadav et al. [19] investigated the influence of NaOH 
treatment on the mechanical properties of sisal fiber-reinforced epoxy composites. Their 
analysis revealed that composites incorporating surface-modified sisal fibers with a 2M 
NaOH concentration demonstrated superior mechanical properties compared to other 
tested variants. In recent years, hemp fiber has garnered significant attention from 
researchers worldwide due to its relatively short cropping cycle and ability to thrive in 
diverse environments. It is an important natural fiber, extensively used in the production 
of composites for various industrial and construction applications [20]. With a tensile 
strength of up to 1110 MPa, hemp fiber is one of the strongest among all bast fibers [21]. 
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Charai et al. [22] demonstrated that incorporating hemp fibers into gypsum-based 
composites enhanced both the thermal insulation and bending behavior of the 
composites.  

Numerous studies on natural fiber composites employ short fibers (typically ~ 15 mm 
in length) to ensure compatibility with standard manufacturing techniques while 
optimizing mechanical performance after alkali treatment [19,23]. Iucolano et al. [24] 
successfully produced gypsum composites reinforced with hemp and glass short fibers to 
enhance the mechanical properties of the gypsum material. Research on hemp fiber 
reinforced gypsum (HFRG) composites with alkali treated fibers is not reported in the 
literature. This study aims to investigate the effects of different alkali concentrations 
(5, 10, and 15 wt. %) and fiber volume percentages (3, 6, 9, 12, and 15 vol. %) on HFRG 
composites. The compressive strength, flexural strength, thermal conductivity, density, 
and water absorption of the composites with alkali treated fibers are compared to those 
of untreated HFRG composites. 

 
Materials and Methods 

Materials 

In this study, hemp fibers and a gypsum matrix were used to fabricate HFRG composite 
materials. Hemp fibers were obtained from the local sources and chopped to an average 
length 15 mm. The physical, mechanical, and thermal properties of the hemp fibers are 
presented in Table 1. Gypsum, used as the matrix material, was in powder form.  
The β-gypsum powder (CaSO₄·0.5H₂O) utilized in this study was procured from Fiber 
Source India. The properties of the gypsum used are presented in Table 2. 
 
Table 1. Properties of hemp fiber 

Property Value 
Density, g/cm3 1.47 
Tensile strength, MPa 200–240 
Tensile modulus, GPa 3.5–4.0 
% elongation 2–4 
Cellulous content, % 74.4 
Hemicelluloses, % 17.9 
Lignin content, % 3.7 
Moisture content, % 12 

 
Table 2. Properties of gypsum 

Property Value 
Compressive strength, MPa 2.8 
Flexural strength, MPa 1.5 
Dry density, kg/m3 800–1200 
Workability time, min 65–95 
Final setting time, min 140 
1000 μm, % passing 95 
150 μm, % passing 60 
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Fiber treatment 

The chopped hemp fibers were soaked separately in three different alkali concentrations 
(5, 10, and 15 wt. % NaOH). The fibers were immersed in the NaOH solutions for 5 h at 
room temperature to ensure better penetration of the solution into the fibers, as 
recommended [25,26]. The treated fibers were removed from the alkali solution and 
thoroughly rinsed multiple times with running tap water to remove any excess NaOH 
from the fiber surface. The cleaned hemp fibers were then dried in an oven at 70 °C for 
4 h to eliminate any remaining moisture content. 
 
Composites preparation 

The composite specimens were fabricated by varying the volume percentage of hemp fiber 
(3, 6, 9, 12, and 15 vol. %) and using different NaOH concentrations (0, 5, 10, and 15 wt. %). 
The mix proportions of hemp and gypsum used to make the composite samples are 
provided in Table 3. The hemp fiber and gypsum matrix were initially mixed for 3 min to 
get a homogenized dry mixture and then water is added. The ratio of water and gypsum 
was maintained 0.6 to achieve gypsum slurry. The slurry was poured into three open 
molds of different shapes, with dimensions of 100 × 100 × 40, 160 × 40 × 40, and 
120 × 120 × 20 mm3. After 24 h, the composite samples were removed from the molds 
and stored at room temperature for 28 days prior to testing. The fabricated gypsum 
composite specimens were shown in Fig. 1. 
 
Table 3. Mixed proportions of the NaOH сoncentration, hemp fiber, and gypsum  

Composite NaOH сoncentration, wt. % Hemp fiber, vol. % Gypsum, vol. % 
C1 0 0 100 
C2 

0 

3 97 
C3 6 94 
C4 9 91 
C5 12 88 
C6 15 85 
C7 

5 

3 97 
C8 6 94 
C9 9 91 
C10 12 88 
C11 15 85 
C12 

10 

3 97 
C13 6 94 
C14 9 91 
C15 12 88 
C16 15 85 
C17 

15 

3 97 
C18 6 94 
C19 9 91 
C20 12 88 
C21 15 85 
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Fig. 1. Fabricated HFRG composite specimens 
 

Physical properties of gypsum composites 

The experimental density of the hemp fiber-reinforced gypsum composites was determined 
using the Archimedes method in accordance with ASTM D792 standards. The composite 
samples were prepared with dimensions of 100 × 100 × 40 mm3. By knowing the mass 𝑚 
and volume 𝑉 of the composite samples, the density 𝜌 was calculated using Eq. (1): 
𝜌 = 

𝑚

 𝑉
.                (1) 
The water absorption percentage of the fabricated composite specimens was measured 

in accordance with the ASTM D2842-01 standard, using samples with dimensions of 
100 × 100 × 40 mm3. The water absorption value was calculated using Eq. (2): 
Water absorption (%) = 

(𝑊 -W1
 

0)

𝑊0
×100,           (2) 

where W0 is the initial weight of specimen and W1 is the weight of specimen after 
absorption of water. 
 
Mechanical properties of gypsum composites 

The compressive and flexural properties of untreated and treated HFRG composites were 
evaluated in accordance with TS EN 13279-2 standards. Both tests were conducted using 
the same universal testing machine. Composite specimens with dimensions of 
160 × 40 × 40 mm3 were used for the compressive and flexural tests. The experiments 
were conducted at room temperature with a crosshead speed of 2 mm/min. The flexural 
strength 𝜎 and modulus 𝐸𝑓𝑙𝑒𝑥 of the samples were calculated using Eqs. (3) and (4): 
𝜎= 1.5 ×

PL

bt2 (
𝑁

mm2),              (3) 

𝐸𝑓𝑙𝑒𝑥= 
𝐿3𝑚

4bt3 (
𝑁

mm2),              (4) 
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where L is the length of the span, P is the maximum load supported by the sample, m is 
the slope of the tangent to linear portion of the load-deflection curve, b and t are the 
width and thickness of the sample respectively. The composite specimen subjected to the 
compressive and flexural loading is shown in Fig. 2. For each type of composite, five 
specimens were tested to evaluate the compressive and flexural properties, and the 
average values were reported. 
 

 
Fig. 2. composite specimen subjected to (a) compressive loading and (b) flexural loading 

 
Thermal conductivity of gypsum composites 

The thermal conductivity of HFRG composite specimens was determined using the 
steady-state hot plate method, following the procedure outlined in European Standard 
EN 13279-2. The composite specimens prepared with dimensions of 120 × 120 × 20 mm3. 
The samples were placed between a cold plate and a hot plate, and the thermal 
conductivity was measured based on the temperature difference and heat flux, as 
indicated in Eq. (5): 
q = 

𝑘(𝑇1-T2)

𝐿
,               (5) 

where k is the thermal conductivity (W/m·K), q is the heat flux (W/m2), L is the thickness 
of the sample (m) and T1-T2 is the difference in temperature (°C or K). 
 
Scanning electron microscopy 

To examine the fiber surface before and after alkali treatment, the microstructure of the 
hemp fibers was analysed by using JEOL-JSM-6390 model scanning electron microscope 
(SEM). To perform this study, the hemp fiber specimens were gold coated to improve the 
electrical conductivity for attains good quality photographs. 

 
Results and discussion 
Density 

The density of a composite is a key factor influencing its mechanical properties. The 
experimental density of the composite depends on several factors, including interfacial 
bonding, void content, and the relative proportions of matrix and fiber. The measured 
density of neat gypsum was found to be 1.162 g/cm3. Figure 3 illustrates the impact of 
NaOH treatment and fiber percentage on the experimental density of HFRG composites. 
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It can be observed that NaOH treatment slightly improved the density of untreated 
gypsum composites. The highest density values were recorded for composites treated 
with 10 wt. % NaOH, followed by those treated with 15 wt. % NaOH, 5 wt. % NaOH, and 
untreated fiber-reinforced gypsum composites. The figure shows that the measured 
density of the fabricated composite specimens increases with a higher fiber percentage, 
as expected, due to the higher density (1.47 g/cm3) of the hemp fiber compared to that 
of the gypsum matrix (1.162 g/cm3). The results indicate that as the hemp fiber 
percentage increases from 0 to 12 vol.%, the measured density increases by 4.22, 4.99, 
5.93, and 5.16 % for composites treated with untreated, 5, 10, and 15 wt. % NaOH, 
respectively. 
 

 
 

Fig. 3. Density of HFRG composites 
 

Water absorption 

Water absorption is another important physical property that depends on various factors, 
including humidity, void content, fiber percentage, and temperature [27]. The maximum 
water absorption percentage of neat gypsum is 29.02 %. Figure 4 illustrates the effects 
of fiber percentage and NaOH treatment on the water absorption of HFRG composites.  

Water uptake rapidly increases in the early stages and slows down as immersion 
time increases. It was observed that untreated hemp/gypsum composite samples 
exhibited the highest water absorption percentage compared to alkali treated 
hemp/gypsum composites. The maximum water absorption value observed for the 
untreated composites with a 15 vol. % fiber percentage after 216 h was 44.84 %. This was 
followed by 41.8 % for composites treated with 5 wt. % NaOH, 41.24 % for those treated 
with 15 wt. % NaOH, and 40.16 % for composites treated with 10 wt. % NaOH. The 
reduction in water absorption percentage after alkali treatment is attributed to improved 
chemical bonding between the reinforcement and the matrix. These results are consistent 
with those reported by previous researchers [28,29]. 



86 K. Sunil Ratna Kumar, S.B.R. Devireddy, T. Gopala Rao, B. Sudheer Kumar, K. Bala Prasad 

 
 

Fig. 4. Water absorption of HFRG composite samples with hemp fiber (a) 3 vol. %, (b) 6 vol. %, (c) 9 vol. %, 
(d) 12 vol. %, and (e) 15 vol. % 

 
Compressive strength 

Figure 5 shows the impact of fiber percentage and alkali treatment on the compressive 
strength of HFRG composite specimens. The compressive strength of pure gypsum was 
found to be 4.75 MPa. The compressive strength of the fabricated HFRG composite 
samples was found to increase with the fiber percentage up to 12 vol. % before 
decreasing at 15 vol. %. For composites with 12 vol. % fiber percentage, the compressive  



Influence of alkali treatment and fiber percentage on the mechanical and thermophysical properties of gypsum composites filled with hemp fiber 87 
 

 
 

Fig. 5. Compressive strength of HFRG composites 
 
strength increased by 85.68, 98.52, 109.8, and 94.73 % compared to neat gypsum, with 
NaOH concentrations of untreated, 5, 10, and 15 wt. %, respectively. Hemp fiber has a 
higher modulus, and NaOH treatment enhances the interfacial bonding between the 
hemp fiber and gypsum. Up to a 12 vol. % fiber percentage, the stress required to achieve 
the same deformation is relatively higher. At a 15 vol. % fiber percentage, the decrease 
in compressive strength is attributed to increased porosity in the gypsum from air 
entrainment and reduced adhesion between the hemp fibers and the gypsum [30]. 
Compared to untreated hemp/gypsum composites, those treated with NaOH exhibited 
better compressive strength. As the alkali treatment concentration increased from 5 wt. % 
to 10 wt. %, compressive strength improved. However, a decrease in compressive 
strength was observed at 15 wt. % NaOH treatment. On the other hand, the decrease in 
compressive strength of the 15 wt. % NaOH-treated hemp/gypsum composite is 
associated to the removal of binding materials from the fibers and surface damage caused 
by the strong NaOH concentration. 

 
Flexural properties 

Figures 6 and 7 present the average flexural strength and modulus of HFRG composites 
obtained from flexural tests at different fiber volume percentages (3, 6, 9, 12, and 15 %) 
and varying NaOH concentrations (0, 5, 10, and 15 %). The flexural strength and modulus 
of neat gypsum were measured at 2.48 and 462 MPa, respectively. The flexural properties 
of the composite specimens improved with increasing fiber content up to 12 vol. %, but 
a further increase to 15 vol. % resulted in a decline. At 12 vol. % fiber content, the 
maximum flexural strength of the HFRG composite increased to 9.15, 10.07, 10.84, and 
10.36 MPa for NaOH concentrations of untreated, 5, 10, and 15 wt. %, respectively. The 
improvement in flexural properties up to 12 vol. % fiber content is due to proper bonding 
between the reinforcement and matrix phases, along with more fibers filling the voids in 
the composite. As the fiber content increases from neat gypsum to 12 vol. %, the flexural  
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Fig. 6. Flexural strength of HFRG composites 
 

 
 

Fig. 7. Flexural modulus of HFRG composites 
 
modulus of the composites rises by 105, 118, 136, and 123 % for NaOH concentrations 
of untreated, 5, 10, and 15 wt. %, respectively. 

The flexural strength and modulus of alkali-treated HFRG composite specimens 
were found to be higher than those of untreated specimens. The primary reason for the 
improvement in strength and modulus with 10 wt. % NaOH treatment of hemp fibers is 
the removal of waxy substances and impurities from the fiber surface. This enhances 
mechanical interlocking and adhesive bonding between the reinforcement and the 
matrix, leading to better overall performance [31]. Among the tested samples, the 
composite with 10 wt. % alkali treatment and 12 vol. % fiber content exhibited the 
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highest values, with a flexural strength of 10.84 MPa and a flexural modulus of 1091 MPa. 
These values represent an increase of 18.4% in flexural strength and 15% in flexural 
modulus compared to the untreated HFRG composite. The figures also show that 
increasing the alkali concentration to 15 wt. % results in a decrease in flexural properties 
compared to 5 and 10 wt. %. This can be attributed to the excessive NaOH concentration, 
which removes lignin and hemicellulose from the fibers, thereby reducing the flexural 
properties. Similar findings have been reported by several researchers for different NaOH 
concentrations and fiber percentages [32–34]. 

 
Thermal conductivity 

The thermal conductivity of pure gypsum was measured at 0.45 W/m·K. Figure 8 depicts 
the thermal conductivities of the fabricated HFRG composite specimens with varying 
NaOH concentrations and fiber volume percentages. The figure shows that the addition 
of hemp fibers into the gypsum matrix reduces the thermal conductivity of the composite 
material. With hemp fiber volume percentages ranging from 0 to 15 vol. %, the thermal 
conductivity decreased compared to neat gypsum by 13.55, 12.88, 12.22, and 11.55 % for 
NaOH concentrations of untreated, 5, 10, and 15 wt. %, respectively. This indicates that 
the addition of natural fibers to the matrix material significantly improves the thermal 
insulation of the composites. Furthermore, the figure suggests that the impact of NaOH 
treatment on thermal conductivity is less pronounced. The observed increase in thermal 
conductivity of composites with higher NaOH concentrations can be attributed to three 
key mechanisms: enhanced fiber–matrix interfacial bonding, structural modifications 
within the fibers, and reduced porosity. These results align well with previous literature 
findings [35,36]. 
 

 
 

Fig. 8. Thermal conductivity of HFRG composites 
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Scanning electron microscopy analysis 

To examine the effect of alkaline treatment on the hemp fiber surface, SEM photographs 
were taken of both untreated and treated hemp fibers. Figure 9 displays the SEM images 
of these fibers, with magnifications of 300× and 1500×. The untreated fibers (Fig. 9(a,b)) 
exhibit diameters ranging from 550 to 650 μm, with their surfaces extensively covered 
by an organic layer primarily consisting of non-cellulosic components. Alkali treatment 
significantly alters fiber morphology, as evidenced by the reduction in fiber dimensions 
and the breakdown of fiber bundles (Fig. 9(c–f)). Furthermore, the treated fibers exhibit 
markedly cleaner and smoother surfaces, indicating the removal of non-cellulosic  
 

 
 

Fig. 9. SEM images of untreated and alkali treated hemp fibers  
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impurities. As shown in the figure, the filaments of the hemp fiber separate after alkali 
treatment (Fig. 9(c–f)), whereas the filaments remain combined in untreated hemp fiber 
(Fig. 9(a,b)). This process, where the collective bundle breaks into smaller filaments due 
to dissolution, is known as fibrillation [37]. Fibrillation increases the fiber's surface area, 
enhancing its contact with the matrix. This improved interfacial adhesion between the 
reinforcement and matrix can enhance the mechanical properties of the composite. 
 
Conclusion 
In this study, the effects of alkali treatment and fiber percentage on the mechanical and 
thermophysical properties of HFRG composites were examined in detail. The key findings 
of the fabricated composites are as follows: 
1. The measured density and water absorption percentage of HFRG composites increase 
with a higher volume percentage of fiber. For the 10 wt. % NaOH-treated HFRG composite, 
the water absorption is 40.16 %, compared to 44.84 % for the untreated composite. 
2. The compressive and flexural properties of HFRG composites improve following alkali 
treatment of hemp fibers. For the 10 wt.% NaOH-treated HFRG composite at 12 vol. % 
fiber percentage, the flexural strength and modulus increased by 337 and 136 %, 
respectively. Additionally, at the same fiber percentage and NaOH concentration, the 
compressive strength of the HFRG composite increased by 109.8 %. 
3. The thermal insulation property of gypsum composites is significantly enhanced with 
the addition of hemp fiber compared to pure gypsum, offering greater energy efficiency. 
The impact of NaOH treatment on thermal conductivity is less pronounced compared to 
the effect of fiber percentage. 
4. Therefore, these fabricated HERG composite materials are suitable for use in building 
applications such as wall materials and false ceilings, helping to reduce energy 
consumption in buildings. 

 
CRediT authorship contribution statement 
Khandavalli Sunil Ratna Kumar : supervision and review of entire manuscript; Siva 
Bhaskara Rao Devireddy : conceptualization, investigation and writing – original 
draft; Gopala Rao Thellaputta : investigation and data curation; Battula Sudheer 
Kumar : methodology and resources; Bala Prasad Katuru : writing – review 
& editing. 
 
Conflict of interest 
The authors declare that they have no conflict of interest. 
 
References  
1. Bhale PV, Rathod MK, Sahoo L. Thermal Analysis of a Solar Concentrating System Integrated with 
Sensible and Latent Heat Storage. Energy Procedia. 2015;75: 2157–2162. 
2. Stritih U, Tyagi VV, Stropnik R, Paksoy H, Haghighat F, Joybari MM. Integration of passive PCM 
technologies for net-zero energy buildings. Sustain Cities Soc. 2018;41: 286–295. 

https://doi.org/10.1016/j.egypro.2015.07.357
https://doi.org/10.1016/j.scs.2018.04.036
https://orcid.org/0000-0002-4438-7249
https://www.scopus.com/authid/detail.uri?authorId=55320880100
https://orcid.org/0000-0003-2856-7204
https://www.scopus.com/authid/detail.uri?authorId=56721241200
https://orcid.org/0000-0001-5622-4140
https://www.scopus.com/authid/detail.uri?authorId=57194035766
https://orcid.org/0000-0002-4694-3341
https://www.scopus.com/authid/detail.uri?authorId=57204163780
https://www.researchgate.net/profile/Sudheer-Battula-2
https://orcid.org/0000-0003-2200-0629
https://www.scopus.com/authid/detail.uri?authorId=57203505104
https://www.researchgate.net/profile/Bala-Katuru


92 K. Sunil Ratna Kumar, S.B.R. Devireddy, T. Gopala Rao, B. Sudheer Kumar, K. Bala Prasad 

3. Mohandesi JA, Sangghaleh A, Nazari A, Pourjavad N. Analytical modeling of strength in randomly oriented 
PP and PPTA short fiber reinforced gypsum composites. Comput Mater Sci. 2011;50(5): 1619–1624. 
4. Dalmay P, Smith A, Chotard T, Sahay-Turner P, Gloaguen V, Krausz P. Properties of cellulosic fibre reinforced 
plaster: Influence of hemp or flax fibres on the properties of set gypsum. J Mater Sci. 2010;45(3): 793–803.  
5. Braiek A, Karkri M, Adili A, Ibos L, Ben Nasrallah S. Estimation of the thermophysical properties of date 
palm fibers/gypsum composite for use as insulating materials in building. Energy Build. 2017;140: 268–279. 
6. Gao Z, Li G. Effect of Straw Fiber Modification on Performance of Gypsum Composite. Adv Mat Res. 
2011;168–170: 1455–1458.  
7. Belayachi N, Hoxha D, Slaimia M. Impact of accelerated climatic aging on the behavior of gypsum plaster-
straw material for building thermal insulation. Constr Build Mater. 2016;125: 912–918. 
8. Nindiyasari F, Griesshaber E, Zimmermann T, Manian AP, Randow C, Zehbe R, Fernandez-Diaz L, Ziegler 
A, Fleck C, Schmahl WW. Characterization and mechanical properties investigation of the cellulose/gypsum 
composite. J Compos Mater. 2015;50(5): 657–672.  
9. Selamat ME, Hashim R, Sulaiman O, Kassim MHM, Saharudin NI, Taiwo OFA. Comparative study of oil palm 
trunk and rice husk as fillers in gypsum composite for building material. Constr Build Mater. 2019;197: 526–532. 
10. Tesárek P, Novák L, Topič J, Prošek Z, Nežerka V, Lidmila M. Compression Testing of Gypsum-Based Composite 
Reinforced by Recycled Wires from Automobile Tires. Applied Mechanics and Materials. 2015;732: 393–396.  
11. Amuthakkannan P, Manikandan V, Jappes JTW, Uthayakumar M. Effect of fibre length and fibre content 
on mechanical properties of short basalt fibre reinforced polymer matrix composites. Materials Physics and 
Mechanics. 2013;16(2): 107–117. 
12. Iucolano F, Liguori B, Aprea P, Caputo D. Evaluation of bio-degummed hemp fibers as reinforcement in 
gypsum plaster. Compos B Eng. 2018;138: 149–156. 
13. Benmansour N, Agoudjil B, Gherabli A, Kareche A, Boudenne A. Thermal and mechanical performance of natural 
mortar reinforced with date palm fibers for use as insulating materials in building. Energy Build. 2014;81: 98–104. 
14. Abir N, Siddique AB, Begum HA, Gafur MA, Khan AN, Mahmud MA. Effect of fibre loading on mechanical 
properties of jute fibre bundle reinforced gypsum composites. Heliyon. 2023;9(7): e18147. 
15. Mutuk T, Arpacioğlu K, Alişir S, Demir G. Thermal and mechanical evaluation of natural fibers reinforced 
gypsum plaster composite. Journal of Metals, Materials and Minerals. 2023;33(1): 116–123.  
16. Gholampour A, Ozbakkaloglu T. A review of natural fiber composites: properties, modification and 
processing techniques, characterization, applications. J Mater Sci. 2020;55(3): 829–892. 
17. Jagadeesh P, Puttegowda M, Mavinkere Rangappa S, Siengchin S. A review on extraction, chemical 
treatment, characterization of natural fibers and its composites for potential applications. Polym Compos. 
2021;42(12): 6239–6264. 
18. Shejkar SK, Agrawal B, Agrawal A, Gupta G, Pati PR. Influence of filler content and surface modification on physical 
and mechanical properties of epoxy/walnut shell particulate composites. J Adhes Sci Technol. 2023;37(7): 1215–1232.  
19. Yadav D, Selokar GR, Agrawal A, Mishra V, Khan IA. Effect of Concentration of NaOH Treatment on 
Mechanical Properties of Epoxy/Sisal Fiber Composites. IOP Conf Ser Mater Sci Eng. 2021;1017(1): 012028.  
20. Sair S, Oushabi A, Kammouni A, Tanane O, Abboud Y, El Bouari A. Mechanical and thermal conductivity properties 
of hemp fiber reinforced polyurethane composites. Case Studies in Construction Materials. 2018;8: 203–212. 
21. Huber T, Müssig J. Fibre matrix adhesion of natural fibres cotton, flax and hemp in polymeric matrices 
analyzed with the single fibre fragmentation test. Compos Interfaces. 2008;15(2–3): 335–349.  
22. Charai M, Sghiouri H, Mezrhab A, Karkri M. Thermal insulation potential of non-industrial hemp (Moroccan 
cannabis sativa L.) fibers for green plaster-based building materials. J Clean Prod. 2021;292: 126064. 
23. Bhagat VK, Biswas S, Dehury J. Physical, mechanical, and water absorption behavior of coir/glass fiber 
reinforced epoxy based hybrid composites. Polym Compos. 2014;35(5): 925–930.  
24. Iucolano F, Boccarusso L, Langella A. Hemp as eco-friendly substitute of glass fibres for gypsum 
reinforcement: Impact and flexural behaviour. Compos B Eng. 2019;175: 107073. 
25. Senthamaraikannan P, Kathiresan M. Characterization of raw and alkali treated new natural cellulosic 
fiber from Coccinia grandis.L. Carbohydr Polym. 2018;186: 332–343. 
26. Karabulut N, Aktaş M, Balcıoğlu HE. Surface Modification Effects on the Mechanical Properties of Woven 
Jute Fabric Reinforced Laminated Composites. Journal of Natural Fibers. 2019;16(5): 629–643.  
27. Nor Arman NS, Chen RS, Ahmad S. Review of state-of-the-art studies on the water absorption capacity of 
agricultural fiber-reinforced polymer composites for sustainable construction. Constr Build Mater. 2021;302: 124174. 

https://doi.org/10.1016/j.commatsci.2010.12.020
https://doi.org/10.1007/s10853-009-4002-x
https://doi.org/10.1016/j.enbuild.2017.02.001
https://doi.org/10.4028/www.scientific.net/AMR.168-170.1455
https://doi.org/10.1016/j.conbuildmat.2016.08.120
https://doi.org/10.1177/0021998315580826
https://doi.org/10.1016/j.conbuildmat.2018.11.003
https://doi.org/10.4028/www.scientific.net/AMM.732.393
https://mpm.spbstu.ru/en/article/2013.27.2/
https://mpm.spbstu.ru/en/article/2013.27.2/
https://doi.org/10.1016/j.compositesb.2017.11.037
https://doi.org/10.1016/j.enbuild.2014.05.032
https://doi.org/10.1016/j.heliyon.2023.e18147
https://doi.org/10.55713/jmmm.v33i1.1669
https://doi.org/10.1007/s10853-019-03990-y
https://doi.org/10.1002/pc.26312
https://doi.org/10.1080/01694243.2022.2066915
https://doi.org/10.1088/1757-899X/1017/1/012028
https://doi.org/10.1016/j.cscm.2018.02.001
https://doi.org/10.1163/156855408783810948
https://doi.org/10.1016/j.jclepro.2021.126064
https://doi.org/10.1002/pc.22736
https://doi.org/10.1016/j.compositesb.2019.107073
https://doi.org/10.1016/j.carbpol.2018.01.072
https://doi.org/10.1080/15440478.2018.1431995
https://doi.org/10.1016/j.conbuildmat.2021.124174


Influence of alkali treatment and fiber percentage on the mechanical and thermophysical properties of gypsum composites filled with hemp fiber 93 
 

28. Jia R, Wang Q, Feng P. A comprehensive overview of fibre-reinforced gypsum-based composites (FRGCs) 
in the construction field. Compos B Eng. 2021;205: 108540. 
29. Reddy PV, Mohana Krishnudu D, Rajendra Prasad P. A Study on Alkali Treatment Influence on Prosopis 
Juliflora Fiber-Reinforced Epoxy Composites. Journal of Natural Fibers. 2021;18(8): 1094–1106.  
30. Suresh Babu K, Ratnam C. Mechanical and thermophysical behavior of hemp fiber reinforced gypsum 
composites. Mater Today Proc. 2021;44: 2245–2249. 
31. Sgriccia N, Hawley MC, Misra M. Characterization of natural fiber surfaces and natural fiber composites. 
Compos Part A Appl Sci Manuf. 2008;39(10): 1632–1637. 
32. Boccarusso L, Durante M, Iucolano F, Mocerino D, Langella A. Production of hemp-gypsum composites 
with enhanced flexural and impact resistance. Constr Build Mater. 2020;260: 120476. 
33. Iqbal M, Azan SA, Dharmawan MR, Abhang LB. Influence of Fiber Content on the Flexural Strength and 
Physical Properties of Abaca Fiber-Cement-Gypsum Board. Key Eng Mater. 2023;951: 173–183.  
34. Suardana NPG, Piao Y, Lim JK. Mechanical properties of hemp fibers and hemp/pp composites: effects 
of chemical surface treatment. Materials Physics and Mechanics. 2011;11(1): 1–8. 
35. Haigh R. A Review and Thermal Conductivity Experimental Program of Mattress Waste Material as 
Insulation in Building and Construction Systems. Construction Materials. 2024;4(2): 401–424.  
36. Touil M, Rahmoun O, Iken O, El Harti K, Saadani R, Rahmoune M. Exploring the thermal behaviour and 
thermo-mechanical properties of Ferula Communis reinforced plaster and mortar composites: An integrated 
experimental and numerical approach. Energy Convers Manag. 2023;289: 117119. 
37. Sepe R, Bollino F, Boccarusso L, Caputo F. Influence of chemical treatments on mechanical properties 
of hemp fiber reinforced composites. Compos B Eng. 2018;133: 210–217. 
 

 

https://doi.org/10.1016/j.compositesb.2020.108540
https://doi.org/10.1080/15440478.2019.1687063
https://doi.org/10.1016/j.matpr.2020.12.363
https://doi.org/10.1016/j.compositesa.2008.07.007
https://doi.org/10.1016/j.conbuildmat.2020.120476
https://doi.org/10.4028/p-Ls56bY
https://mpm.spbstu.ru/article/2011.16.1/
https://doi.org/10.3390/constrmater4020022
https://doi.org/10.1016/j.enconman.2023.117119
https://doi.org/10.1016/j.compositesb.2017.09.030

