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ABSTRACT 

The demand for cellulosic fibres as a reinforcement in polymers is growing due to their renewable, biodegradable, 

and ecologically favourable properties. In addition, they are lower in density than e.g. glass fibres, which will help 

in making lightweight composites. Besides, there is no health hazard with ease of processing and minimum 

damage to the processing equipment. Despite their advantages and high demand, their utilization in industrial 

applications is still limited. This is due to their inherent polar and hydrophilic nature and their consequent 

incompatibility with hydrophobic polymers. Therefore, it is often necessary to do hydrophobic modification 

treatment. The review examines a range of strategies for modifying ramie surfaces, encompassing physical, 

chemical, and biological processes. It also analyzes the procedures and techniques involved in the preparation 

and manufacturing of ramie-reinforced polymeric biocomposites. Moreover, an investigation is conducted to 

evaluate the performance of the composites produced. The performance evaluation includes both before and 

following fibre treatment, covering surface morphology, wettability, chemical composition, mechanical 

properties, and flame retardancy. Most of the researchers reported that alkaline and silane coupling agent 

treatments are the most prevalently applied pretreatments. Compared to biological and physical methods, the 

application of chemical agents enables excellent adhesion of fibre to polymer resins. However, the utilization of 

solvents such as ethanol and methanol increases the amount of waste produced and toxic compounds released. 

 
KEYWORDS 

ramie, surface modification, adhesion, biocomposites, properties  

INTRODUCTION  

The depletion of nonrenewable resources, demand for lightweight materials, and environmental 

pollution drive interest in renewable and biodegradable raw materials [1-4]. Natural fibre-reinforced 

composites are promising substitutes for petroleum-based composites in structural applications [5]. 

In this regard, cellulosic fibres like ramie, flax, hemp, and sisal gain attention as polymer 

https://doi.org/10.31881/TLR.2024.069


 WAGAYE BT et al.   TEXTILE & LEATHER REVIEW | 2024 | 7 | 1061-1095 
 

 
   

1062 
 

 

https://doi.org/10.31881/TLR.2024.069 
  

reinforcements due to their renewability, biodegradability, abundance, high strength- to-weight 

ratio, thermal stability and acoustic insulating properties [6,7]. With favourable functional properties 

and economic implications [8], they are suitable for biocomposites [3,9-12]. Moreover, increasing 

demand for eco-friendly goods in various applications, including electrical, car, marine, and aerospace, 

prompts researchers to use natural fibres in polymer-based composites [13-15].  

Biocomposites contain either a bio-fibre dispersion phase or a matrix phase derived from renewable 

resources. It is fully bio-based when both phases come from biological sources, which is considered to 

be a green composite [16]. Green composites, featuring moulding ability and recyclability, combine 

biodegradable fibre with biodegradable resin, representing a focus in new material fields [17].  

Several factors affect biocomposite production. Crucial factors include fibre-matrix adhesion, matrix 

and fibre modification, hybrid strategy, and processing approach for high-performance biocomposites 

[18]. Excellent interfacial adhesion is vital for fibre reinforcing efficiency and bulk mechanical 

performance of composites [14]. Natural fibres have limitations such as inherent polar and hydrophilic 

nature, limiting compatibility with hydrophobic polymeric matrices [12,19-23]. This hampers uniform 

fibre dispersion, leading to efficiency restrictions. Moisture absorption by natural fibres causes 

swelling, voids, and poor mechanical properties in composites [21]. Water absorption may create 

aggregates, weakening biocomposites' dimensional stability [16]. Furthermore, there are issues 

regarding decreased thermal stability and inconsistent quality [10]. Lignin and waxy compounds in 

natural fibres cover reactive groups, hindering interlocking with polymer matrices [24]. Thermal 

decomposition of natural fibres starts above 220 °C, limiting processing temperature and choices of 

polymer matrices [19,21]. Modifications aim to enhance natural fibre adherence by altering surface 

characteristics. Exemplary strength and stiffness could be achieved with a strong interface between 

fibre and matrix. Matrix-to-fibre stress transfer efficiency could be reduced with a weaker interface 

[25]. 

A diffusion or reaction zone forms at the fibre-resin interface in either chemically or mechanically 

mixed phases. Interfacial adhesion significantly influences composite mechanical properties. 

Inadequate adhesion across the phase boundary results in weak force dispersion and poor mechanical 

characteristics [24,26]. Efficient modification of cellulose is crucial for controlling properties like 

hydrophobicity and adhesion to synthetic polymers [11]. Surface energy, indicating the fibre's adhesive 

qualities, is commonly used to assess interface adhesion [27].  

Various methods-chemical, physical, and biological-can modify natural fibre surfaces [28,29]. 

Mechanisms include associating polar groups or mechanical interlocking with the polymer backbone. 

Chemical treatments like mercerization, acetylation, etherification, silanization, benzoylation, grafting, 
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and the insertion of compatibilizing agents improve cellulose fibres by chemically modifying 

their structure through reactions with the fibres [22,30-32]. Enhancing composites' mechanical 

performance involves adding high specific surface area to natural fibres in polymer matrices [33]. 

Chemical treatments are designed to improve hydrophobicity and surface roughness, hence enhancing 

the bonding between the matrix and fibres [34]. Moreover, methods to improve the adherence 

between the two phases (adhesion promoters) are frequently needed because of limited compatibility 

between the reinforcement and resin [16]. Adhesion promoters reduce water absorption and enhance 

process-ability. Physical processes like stretching, calendering, thermo-treatment, and electric 

discharge (corona, cold plasma) alter fibre properties, enhancing mechanical attachment without 

changing chemical composition [21].  

This paper provides a comprehensive review of the physical and chemical properties of ramie fibre. It 

explores various surface modification techniques for ramie fibre, evaluating chemical, physical and 

biological methods. The study also explores the fabrication methods employed in the development of 

ramie/polylactic acid (PLA) biocomposites. Additionally, a thorough comparison is made to assess the 

enhancements achieved in the physical, mechanical, thermal, and chemical properties of these 

biocomposites. The study also looks at how well the matrices bond with the interfacial surfaces, giving 

a full picture of the performance of ramie/PLA biocomposites. 

RAMIE FIBRE PROPERTIES 

Ramie is an enduring plant that naturally occurs in China, Japan, and the Malay Peninsula serving as a 

textile fibre for generations. Ramie belongs to the nettle family, genus Boehmeria nivea [35]. A 1-

hectare farm produces 880–2200 kg of ramie, which has 3.5% fibre by weight. Growing in hot and 

humid areas takes 45–55 days. The plant has large, heart-shaped leaves on an almost branchless stem, 

reaching 1–2.5 m tall. Figure 1 illustrates the image of the ramie plant. The plant's stem and leaves 

contain approximately 80% moisture [36-38]. Fishing nets, sewing thread, canvas, upholstery, fire 

hoses, and garments have been made from ramie. China annually exports a substantial volume of 

ramie yarn and fabrics. Japan and Europe are the primary export markets for ramie products [39]. 

Additionally, ramie finds use in polymer composites for reinforcement and in ballistic applications [40]. 

The chemical structure of cellulose, hemicellulose, and lignin is presented in Figure 2. Cellulose is the 

major component of natural bast fibres. It produces fibres that are surrounded by a mixture of 

structural biopolymers, primarily hemicellulose and lignin. Cellulose polymer formation involves linked 

repeat units, termed the degree of polymerization (DP), a critical property in cellulosic fibres. DP varies 

among fibres; cotton (7000 DP), ramie (6500 DP), and flax (8000 DP) are common, with the high DP 
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[41]. Ramie fibres exhibit strong but inextensible characteristics due to well-oriented crystallites 

 parallel to the fibre axis [42]. The tensile strength of natural fibres is determined by the DP of the 

cellulose, the overall cellulose content in the fibres, and the micro-fibril angles [2]. Ramie surpasses 

flax and jute in tensile strength, nearing C-glass fibre in modulus and tensile strength [43], with 

comparable specific modulus and strength to synthetic fibres for composites [37,38]. The mechanical 

properties of ramie are similar to those of sisal [44]. It resists bacteria, fungi, mildew, and insects, and 

exhibits stability in alkaline and mild acid conditions [38,45]. 

Ramie, the longest and strongest vegetable fibre, exhibits a flat and ribbon-like shape [46] with 

multiple rounded cross-sections instead of a simple round, oval, or flat shape either with or without a 

lumen [47]. Available in continuous form, its length ranges from 60 to 250 mm [48]. Comparatively 

longer and coarser than flax, ramie possesses outstanding thermal conductivity but its strong 

polarity of the fibre leads to increased hydrophilicity, and larger expansion in humid conditions [49]. 

 

 
Figure 1. Ramie plant image [38] 
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Figure 2. Chemical structures of (a) cellulose, (b) hemicelluloses, and (c) lignin 

 

Ramie is a suitable reinforcement in fibre-reinforced composites among natural cellulosic fibres, 

offering low specific density, good mechanical properties, high tenacity, crystallinity, and moisture 

resistance [2, 50-58]. The key properties of ramie fibres are given in Table 1. 

 

Table 1. Physical, chemical and mechanical properties of Ramie fibre [2,50-57] 

Properties  Ramie 

Cellulose content (wt.%) 68.6-76.2 

Hemicellulose content (wt.%) 13.1-16.7 

Lignin content (wt.%) 0.6-0.7 

Pectin (wt.%) 1.9 

Waxes (wt.%) 0.3 

Extractives (%) 1.9-2.2 

Moisture (wt.%) 12–17 

Cellulose crystallinity  64 

Microfibrillar angle (°) 8 

Mean length (mm) 12-15 

Diameter (µm) 25.5 

Density (g/cm3) 1.4-1.55 

Tensile strength (MPa) 200-1000 

Elongation (%) 1.2-4 

Tensile Modulus (GPa) 41-130 

Specific modulus (GPa cm3/g) 27.3-81 

Aspect ratio 2000-6000 

Degree of crystallinity (%) 70 
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SURFACE MODIFICATION OF RAMIE FIBRES 

Good interfacial adhesion can be achieved by fibre modification, the use of interface-active additives, 

or matrix modification [59]. The classification of surface modification treatments for cellulosic fibres is 

presented in Figure 3, which may be physical, chemical, or biological. The chemical methods involve 

the use of chemical agents such as acids, alkalis, and coupling agents. The physical methods include 

plasma treatment, corona discharge, and ultraviolet (UV) irradiation. The biological methods involve 

the use of enzymes. Common chemical, physical and biological modification treatment systems used 

to improve the adhesion between ramie fibre and polymeric matrices are shown in Table 2 and Table 

3. It is important to remember that not all treatments are sustainable [60]. 

 

 

Figure 3. Classification of the surface modification treatments 

 

Table 2. Chemical treatments summarized for improving interfacial adhesion between ramie and polymer matrices 

Chemical treatment on 

ramie fibre 
Matrix used Improvements in the properties References 

Alkali treatment (5% alkali 

with DAP for 2 h)  

PLA 

(thermoplastic) 

H decreased from 5.9 ± 1.3 to 2.0 ± 0.8 mJ/m2, W of 

alkali/silane/DAP-treated was higher (95.4° ± 1.3°) 
[27] 

Alkali treatment (1% alkali 

for 1 h, 3% silane for 2 h) 

PLA 

(thermoset) 

CA increased by 14.26% (silane) and 33.12% (alkali-

silane), A decreased by 23.70% 
[49] 

8% alkali for 4 h 
PLA 

(thermoset) 

Increased 39% TS, IS 43% and FS 35% as ramie content 

increases from 37 to 48% 
[50] 

0.4% KMnO4 and 0.08% 

silane in acetone solution  

PLA 

(thermoplastic) 
Increased 20% TS, FS also improved [61] 
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Chemical treatment on 

ramie fibre 
Matrix used Improvements in the properties References 

Alkali treatment (5% alkali 

for 3 h and 6% silane in 

acetone for 24 h) 

PLA 

(thermoplastic) 
TS were 64.24 MPa (composite treated by NaOH) [43] 

0.08% permanganate and 

silane 

PLA 

(thermoplastic) 
Fibre surface becomes rougher [52] 

Alkali treatment (5% alkali 

for 1 h and cyclic loading) 

PLA 

(thermoplastic) 

Considerable tensile failure load and smallest failure 

deformation 
[35] 

10% NaOH for 24 h, 10% 

KH550 and KH570 
Vinyl resin TS improved by 49.29% and IS increased by 38.28% [62] 

1% APP  Benzoxazine Increased limiting oxygen index (LOI) [63] 

5% NaOH for 1 h, 1% silane 

for 1 h, and 4% of dicumyl 

peroxide 

PLA 

(thermoplastic) 
Increased thermal stability [64] 

ESO at 160 °C in argon gas Polypropylene Better interfacial bonding [65] 

Acetylation for 1 h, 1% 

silane, 4% peroxide for 30 

min 

AESO 
Acetyl groups substituted the OH groups and the fibre 

surface was covered with nonpolar groups 
[66] 

Silanized CNT (0.1% - 1%) Epoxy The Fibre surface showed more flaws and roughness [67] 

Compatibilized by maleic 

anhydride 

PLA 

(thermoplastic) 
Improvements in mechanical properties [68] 

10% NaOH at 60 °C, 4 h Cellulose Three crystal peaks shifted to 12.1°, 19.8° and 22.0° [69] 

2, 5 and 10% NaOH Polyester A peak at 1730 cm-1 disappeared [70] 

5% NaOH for 2 h, 6% silane, 

5% APP for 2 h 
Epoxy 

Increased surface energy and dispersed component of 

ramie fabric, showing enhancement in non-polarity 
[71] 

5% NaOH for 2 h  Epoxy Ramie fibres become looser [72] 

A: Absorption; W: Wettability; H: hydrophilicity; CA: Contact angles; TS: Tensile strength; FS: flexural strength; IS: impact 

strength; DAP: Diammonium phosphate; APP: Ammonium polyphosphate; ESO: Epoxy-silicone oil; AESO: Acetylated 

epoxidized soybean oil; CNT: Carbon nanotube 

 

Table 3. Physical treatments summarized for improving interfacial adhesion between ramie and polymer matrices 

Physical treatment of ramie fibres to 

improve adhesion 
Matrix used Improvements in the properties References 

Trans-crystallization by 

Stereocomplex Crystals 
Polylactide 

Higher crystallinity than the common 

spherulites 
[23] 

Atmospheric pressure plasma jet with 

ethanol pretreatment for 10 min 
Polypropylene 

Larger advancing contact angles, 50% 

increased IFSS 
[73] 

Low-temperature plasma treatment 

for 1 min-300 W and 3 min-100 W 
-  

Increased surface energy 117.0 and 

122.9% respectively 
[74] 

Physical treatment of ramie fibres to 

improve adhesion 
Matrix used Improvements in the properties References 
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Atmospheric pressure plasma 

treatment with ethanol pretreatment 
Polypropylene Increased interfacial adhesion by 26% [75] 

isopropanol and n-butanol and then 

atmospheric pressure plasma  
Polypropylene Increased surface roughness [76] 

Plasma treatment 3 min and 200 W Epoxy 
Increased surface energy and adhesion 

124.5 and 59.1% 
[77] 

Low-pressure plasma at 100 W, 

pressure 0.3 mbar (1, 2, 3, and 4 min) 
Phenolic resin 

1 min treated shows a smaller angle, 

38°±2.2 than untreated fibres 49°± 1.9 
[78] 

IFSS: Interfacial shear strength 

Chemical Methods 

Chemical modification is the most commonly used method for surface modification. In this method, 

the fibre is treated with a chemical agent to introduce functional groups on its surface. Functional 

groups boost fibre-matrix adhesion, improving composite mechanical characteristics. Commonly used 

chemical agents for ramie fibre modification include alkali, silane coupling agents, diammonium 

phosphate (DAP), Ammonium Phosphate (APP), and Poly (Ethylene Oxide) (PEO) [79].  

Alkali Treatment 

Alkali treatment alters the surface shape and composition of the fibres. This changes the mechanical 

properties of fibre-reinforced composites, which makes the adhesion between the fibres much better 

[45]. Cellulose undergoes chemical, physicochemical, and structural modifications during the 

treatment, and the optimal modifications depend on the concentration of alkali, time, tension, and 

temperature [80]. Mercerizing cellulose increases amorphous cellulose at the expense of crystalline. 

Hydrogen bond loss from the network structure may be the biggest alteration. Alkali-cellulose is 

generated when sodium hydroxide penetrates the crystalline areas of native cellulose (cellulose-I). 

Following the removal of unreacted NaOH, regenerated cellulose (cellulose-II) is formed [81]. The 

transformation of crystalline native cellulose into hydrate cellulose (cellulose-II) is known to proceed 

by the formation of intermediate crystalline soda-cellulose complexes [82]. Alkaline treatment also 

helps to remove lignin, waxes, and fatty acids from cell walls; in addition, it increases the number of 

reaction centres on the fibre surface as a result of the hydrogen bonds breaking [83]. The cellulose-I 

turns into one of a set of soda-cellulose when ramie fibres are mercerized without tension in a caustic 

soda solution at room temperature. Soda-cellulose decomposes into water-cellulose when the alkali 

is removed by washing in water at room temperature. Upon drying, the water-cellulose undergoes a 

transformation into cellulose II, a phenomenon observed in mercerized and regenerated fibres [84]. 

Under alkaline conditions, hydrogen peroxide can also eliminate surface impurities, hemicellulose, and 

lignin [85]. 
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Silane Coupling Agent Treatment 

Adhesion promoters are chemical coupling agents that work at the interface of organic and inorganic 

surfaces to improve adhesion between the two materials. Adhesion promoters contain dual functions 

in their molecular structure. A metallic core atom, such as silicon, zirconium, titanium, aluminium, and 

others, will offer the adhesion promoter inorganic reactivity, especially if the metal atom is connected 

to methoxy, ethoxy, or hydroxyl groups. A silicon-based chemical that acts as an adhesion promoter is 

known as a silane coupling agent [86]. When applied to a surface, the alkoxy groups on the silane 

coupling agent will react with the surface to form covalent bonds, while the organic functional group 

will bond with the polymer matrix. This creates a strong chemical bond between the two materials, 

which enhances the mechanical properties of the resulting composite.  

Silane treatment can introduce new functional groups onto the fibre surface besides just affecting 

wettability. Depending on the chosen silane type, these new functionalities can offer additional 

benefits. For example, some silanes might improve the fibre's compatibility with specific fillers or 

additives used in the composite formulation. Therefore, silane treatment modifies the fibre surface 

from a hydrophilic, less reactive state to a more hydrophobic and chemically reactive one. This 

improves the bonding between the fibre and the surrounding matrix, leading to better performance 

in composite materials [87]. 

Diammonium Phosphate (DAP) or Ammonium Phosphate (APP) Treatment 

A large variety of phosphorous compounds has been used to flame-retard cellulose-based fibres. The 

group of organophosphorus chemicals comprises Pyrovatex CP, diammonium phosphate, phosphoric 

acid, tributyl phosphate, triallyl phosphate, and triallyl phosphoric triamide [88]. The addition of DAP 

treatment to the surface of ramie fibres reduced the wettability of ramie fibre–PLA composites. The 

polar portion of surface energy rose from 2.1 mJ/m2 to 5.1 mJ/m2 after a single DAP treatment of ramie 

fibres. The amine and hydroxyl groups in DAP can form a covalent link with the carboxyl groups in the 

PLA matrix. The presence of the NH group at 3270 cm-1 in the FTIR spectra of ramie fibre-PLA 

composites is an indication of DAP treatment of ramie fibres [89]. 

The influence of ammonium polyphosphate (APP) on the flame retardancy and mechanical properties 

of ramie fibre-reinforced poly(lactic acid) (PLA) biocomposites is also significant. APP is known to be 

an effective flame retardant due to its ability to release phosphoric acid, polyphosphoric acid, and non-

flammable gases when exposed to high temperatures. This acid contributes to the dehydration and 

charring of the ramie fibres, thereby improving the flame retardancy of the composites. Adding APP 

to natural fibre-reinforced PLA biocomposites can change their mechanical properties, especially 

when the temperature is between 50 and 60 °C. The presence of APP can lead to a decrease in storage 
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modulus, indicating a change in the material's load-bearing capacity. Furthermore, APP loading may 

disrupt the compatibility between PLA and fibres. However, composites made with APP have shown 

improved flame retardancy and comparatively better mechanical properties [90]. 

Functionalization of Cellulosic Fibres with an Aqueous Solution of Poly (Ethylene Oxide) (PEO) 

The functionalization of cellulosic fibres with an aqueous solution of PEO, followed by extrusion with 

PLA and injection moulding, was used to create completely green biocomposites of PLA and cellulose 

fibres [91]. PEO is a water-soluble polymer that is widely used as a coating agent due to its ability to 

reduce the surface energy of substrates. When PEO is applied to the surface of cellulosic fibres, it forms 

a thin coating layer that reduces the interaction between the fibres and water molecules. This 

decreases fibre swelling in water and enhances tensile strength and elongation. The functionalization 

process typically involves immersing the cellulosic fibres in an aqueous solution of PEO for a specified 

time. The concentration of PEO, immersion time, and solution temperature can all affect the degree 

of functionalization and the resulting properties of the fibres [91]. 

Biological Methods 

Biological methods of cellulosic fibre treatments involve utilizing microorganisms or enzymes derived 

from them to modify the properties of the fibres. Enzymes like pectinase and cellulase are used to 

break down non-cellulosic components like pectin and hemicellulose present in the fibre. This process 

improves fibre purity and increases surface area, leading to reduced wettability and improved 

adhesion properties [60]. 

Cellulase Enzyme–assisted Biopolishing 

Ramie fibres were polished for five days using Streptomyces albaduncus bacteria at pH 7.4 and 2.0 g 

glucose. Eliminating gum and tiny fibrils from the fibre surface increased softness and brightness. The 

thermal stability and crystalline structure of ramie fibres were both reduced by bacterial treatment. 

Modified fibres have a completely different morphology from the original fibres. The surface becomes 

soft and bright due to extracellular protuberant structures. Because cellulase enzyme treatment 

changes the morphology of the fibres, it can be employed as a reinforcing material in polymer 

composites to improve interfacial adhesion between fibres and matrix [92]. Debeli et al. used 10 grams 

of pectinase enzyme by dissolving it in 500 mL of warm water (45.6 °C). The solution's pH was adjusted 

between 4 and 5 using acetic acid and a small amount of sodium carbonate solution. The ramie fibres 

were then added to this activated enzyme solution for 2 hours to degrade pectin, a natural fibre 

component. The application of pectinase enzyme treatments proved to be a more efficient 

method for generating hydrophilic ramie samples. The utilization of pectinase enzyme in fibre surface 
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treatment is safe due to its environmentally friendly characteristics [27]. Specific fungi or bacteria 

are also employed to selectively eliminate non-cellulose substances such as ash, wax, and extractives 

from the surface of the fibre by the action of specific enzymes. White rot fungus produces oxidases, 

which are enzymes that react with lignin components. This reaction reduces the amount of lignin on 

the surface of the fibres but enhances the hemicellulose content and solubility. As a result, the 

hydrophobic nature of cellulose fibres is reduced [41]. 

Physical Methods 

Physical methods are also effective in the surface modification of ramie fibre. Corona, cold plasma, 

surface fibrillation, stretching, thermo-treatment, and electric discharge are physical methods. The 

surface of natural polymers can be modified without compromising their bulk properties using cold 

plasma [81]. The surface energy of cellulose fibre is altered during corona treatment. Various surface 

alterations have been accomplished depending on the type and nature of the employed gases. Surface 

crosslinks may be added, surface energy could be enhanced or lowered, and reactive-free radicals 

could be generated [93]. 

Irradiation Treatment 

Plasma treatment introduces functional groups on the fibre's surface by low-pressure plasma. Corona 

discharge creates active spots on fibre surfaces by exposing it to a high-voltage corona. Plasma 

contains charged, excited, and neutral atoms, molecules, radicals, and photons [94]. Plasma is a hot, 

ionized gas. Ionizing energy creates crosslinks and free radicals on materials, improving fibre-polymer 

matrix adhesion. Ionizing radiation like gamma is thought to have high energy because the Compton 

Effect deposits energy on the surface. Several studies agree that increasing gamma irradiation dose 

improves composite material mechanical properties till decay. Irradiation liberates hydroxyl groups 

from cellulose monomers' carbons 2, 3, and 4 because cellulosic structures make up most of the fibre. 

Heavy particles (gas molecules and ions) are at ambient temperature in a low-pressure, high-frequency 

discharge, yet electrons have enough kinetic energy to break covalent bonds and ionize [26]. Free 

radicals also result from carbon-carbon bond breaking. Ionizing radiation produces ions, peroxides, 

and free radicals. These features create active locations for fibre-polymer matrix interaction [60]. 

Plasma alters textile surfaces without changing bulk qualities in a dry, environmentally- and worker-

friendly manner [95]. It requires no water or chemicals [96,97].  

Cyclic Loading of Ramie Fabrics  

Cyclic loading applies recurrent or varying loads, strains, or stress intensities on structural components. 

Cyclic tensile loading was repeated on wet ramie plain-woven fabrics. Tensile strength improved the 
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most, up to 38%, in fabrics treated with 70% of the mean fracture force of untreated ones for 10 

cycles. Mechanical characteristics of ramie/PLA laminated composites showed that treated fabric-

reinforced composites had 35% higher tensile strength, 32% higher Young's modulus, 20% higher 

flexural strength, and 17% higher flexural modulus [98]. After cyclic loading, fabrics had the highest 

tensile failure load and lowest failure deformation [35]. 

PREPARATION METHODS OF BIO-COMPOSITES WITH RAMIE FIBRES 

Composite fabrication involves impregnation, lay-up, consolidation, and solidification in various 

methods [99]. Biocomposites with cellulosic fibres require homogeneous fibre dispersion into the 

polymer matrix. It maximizes component contact and improves mechanical properties [60]. The most 

commonly used techniques to produce ramie fibre-reinforced PLA composites are hot compression 

moulding, vacuum-assisted resin transfer moulding, and injection moulding. Composite qualities 

depend on process parameters like time, temperature, and pressure. The processing temperature is 

set based on ramie fibre and polymer matrix thermal properties. Moreover, chemically treated fibres 

should be dried to remove moisture before composite fabrication. Siakeng et al. dried modified ramie 

samples at 70 °C for 3 h before carding [27]. A similar pre-treatment was performed by Xu et al., who 

cut and dried ten layers of 250 × 250 mm ramie fabric at 70 °C for 3 h in an oven and stacked them 

unidirectionally [72]. 

Film stacking 

In the film stacking process, dried reinforcing fibres are prepared in advance and transformed into 

mats, fabrics, or unidirectional tapes. A thermoplastic polymer material is prepared in the form of thin 

films by heating and compressing. The reinforcing fibres and polymer films are arranged in a stacked 

configuration, with each layer alternating between the two materials. This results in a configuration 

where the fibres are positioned between the polymer layers [100]. Film stacking reduces impregnation 

and infiltration time [101]. Xu et al. compacted the ramie fabric stack with vacuum pressure or hot 

compaction to increase fibre content [72]. 

Hot compression moulding 

Match mould compression moulding requires male and female moulds (Figure 4). The compression 

mould heats the resin to cure it. Usually, the mould is heated to 120-170 °C. Moulds can be heated 

using steam, oil, or an electrical cartridge [99]. Dereje et al. moulded ramie fibre/PLA composites at 

175 °C and 6-7 MPa for 4 min. The moulded green composite was cold compressed at 3-4 MPa for 2 

min at room temperature [27].  
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Figure 4. Hot compression moulding process steps 

Vacuum-assisted resin transfer moulding (VARTM) 

It is a closed-mold process which can make high-performance, large-scale fibre-reinforced polymer 

products with inexpensive tooling [102]. Air was aspirated after laminating reinforcement on a mould 

and sealing with plastic film. The reinforcing phase was impregnated with liquid resin and cured [103]. 

It transfers liquid thermoset resin into a closed mould at low pressure and temperature, producing 

dimensionally precise composites with great surface quality [104]. 

Vacuum-assisted resin infusion moulding (VARI) 

This composite manufacturing technology produces high-quality, large-scale components. This 

procedure involves placing dry pre-form fabrics in an open mould with a plastic vacuum bag on top. 

One-sided moulds have resin sources and vacuum pumps. A vacuum is generated within the mould, 

and then the liquid resin is poured over the reinforcing fibres. The product is finished by curing and 

removing the mould. Xu et al. sealed the dry fabric stack with a vacuum bag on one side of the mould. 

Under vacuum pressure, a vacuum pump injected epoxy resin into the stack and evacuated the gas 

in a vacuum bag. To fully enter the fabric stack, the resin was injected for 5 min and vacuumed for 20 

min. The assembly was oven-cured for 6 h at 70 °C under vacuum [72]. Interest has arisen in the 

manufacturing of natural fibre composites using the VARI process. As an important driving force for 

the impregnation of the fibre tows, the capillary effect of natural fibres played an important role in the 

VARI process [105]. 
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PERFORMANCE OF RAMIE FIBRE AFTER TREATMENT 

The objective of fibre pretreatment is to enhance the interfacial adhesion with the polymeric matrix. 

The composites showed improved physical, chemical, mechanical, thermal, and other properties after 

treatments. Several analyses can be performed on the fibres as well as on the composite to investigate 

the effectiveness of the treatments.  

Surface Morphology  

Scanning electron microscope (SEM) and atomic force microscope (AFM) can examine the fibre/fabric 

surface and fracture zone of ramie fibre/fabric and its composites. The micrographs show fibre-matrix 

contact. According to Xinqi et al., silicone oil-modified ramie fibre-reinforced polypropylene composite 

had superior interfacial bonding when the fracture surface was observed under SEM [65]. In another 

study, chemical treatment removed lignin and hemicellulose, resulting in increased fibre surface 

defects and roughness [67]. The ramie-PLA biocomposite fracture surface is shown in Figure 5. Due to 

the layer produced during treatment, Dereje et al. found that DAP- and alkali-DAP-treated composites 

have more lustre [27]. 

 

Figure 5. SEM images of ramie fibre: (a) before treatment, (b) coated with DAP, and (c) treated with alkali and DAP [27] 

 

The irradiation treatment also alters the surface morphology of ramie fibres. An investigation was 

conducted to examine the alterations in surface morphology of biocomposites following irradiation 

treatment of ramie fibres. Figure 7 demonstrates that a rougher surface was produced after 16 s of 

plasma treatment on ramie fibre with prior ethanol pretreatment [73]. In similar investigations, Wang 

et al. reported that scanning electron microscopy shows increased surface roughness [76]. The fibre 

or fabric surface undergoes an increase in roughness when plasma is used to remove non-cellulose 

components through the process of kinetic knocking. Figure 6 demonstrates the impact of plasma 

treatment on the fibre’s surface through surface etching. Greater surface roughness enhances the 

available surface area for polymer matrices to bond with ramie fibres. 

 

https://doi.org/10.31881/TLR.2024.069


 WAGAYE BT et al.   TEXTILE & LEATHER REVIEW | 2024 | 7 | 1061-1095 
 

 
   

1075 
 

 

https://doi.org/10.31881/TLR.2024.069 
  

 
Figure 6. Surface roughening of ramie fibre by physical etching using plasma 

 

 
Figure 7. SEM photographs of control and treated ramie fibres: (a) control; (b) plasma treated for 16 s with ethanol 

pretreatment; (c) plasma treated for 24 s with ethanol pretreatment [73] 

Surface Wettability  

Surface wettability is a material's ability to reject or attract liquids. Wet surfaces allow liquids to spread, 

while hydrophobic surfaces bead up and roll off. Wetting or non-wetting is measured by the liquid 

droplet's contact angle on the surface. Surface energy, the energy needed to break intermolecular 

bonds, determines a surface's wetting behaviour. A surface with high surface energy can interact 

harder with liquid molecules, making it more wettable. A surface with low surface energy cannot. 

Different researchers investigated the surface wettability of composites reinforced with ramie fibres 

after fibre surface modification. Hui Li et al. performed alkali treatment (NaOH 10%) as well as 

combined alkali and silane treatment at room temperature for 24 h. Ramie fibre water contact angle 

fell from 74.89° (untreated) to 55.25° (alkali-treated) [62]. Dereje et al. found that alkali treatment and 

DAP reduced ramie fibre hydrophilicity best. The surface energy of untreated ramie fibre dropped from 

5.9 ±1.3 to 2.0 ±0.8 mJ/m2 after treatment. Alkali/silane/DAP-treated ramie fibre/PLA composite has 

a higher water contact angle (95.4° ±1.3) than pure ramie fibre/PLA composite (87.3° ±1.9) [27]. 
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Impurities on the fibre surface were eliminated after alkali treatment, and the diameter of the fibre 

grew finer (Figure 8). Alkali treatment can break lignin-held fibre bundles into finer fibrils. This greater 

surface area improves fibre adherence. Equation 1 shows the reaction mechanism during alkali 

treatment. The contact angles of the ramie fibres rose by 14.26% and 33.12% after the silane only and 

combined alkali–silane treatments, respectively. The alkali–silane treated fibre has a contact angle of 

76.41° [49]. The ramie fibre treated with 0.08% permanganate acetone solution turned out to be 

rougher so that the specific surface area became larger and the interface contact area between the 

PLLA matrix and fibre treated with permanganate acetone increased [52]. It can be observed that 

combined alkali and silane coupling agent treatment results less wettable surface. Figure 9 shows the 

reaction mechanism during silane treatment. 

 

𝐹𝑖𝑏𝑒𝑟 − 𝑂𝐻 +𝑁𝑎𝑂𝐻 = 𝐹𝑖𝑏𝑒𝑟 − 𝑂−𝑁𝑎+ +𝐻2𝑂   (1) 

    

 

Figure 8. Schematic representation of alkali treatment 
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Figure 9. Reaction mechanism between ramie cellulosic fibre and silane [106]  

 

The review also discusses irradiated ramie fibre surface wettability. Zhou et al. found that plasma-only 

treated ramie fibres had an average advance angle of 48.2°, while ethanol-pretreated fibres had 73.1°. 

The plasma interaction of cellulose and ethanol makes ramie fibres more hydrophobic [73]. The surface 

energy of ramie fibres improved by 124.5% while the water contact angle decreased from 83.9 ±6.2° 

to 50.5 ±4.5° after a 3 min 200 W irradiation treatment [77]. The improvement is achieved due to the 

effective elimination of pectin and impurities; hence, the fine fibre with irregular striations was 

revealed. The water contact angles of ramie fibres pretreated with isopropanol- and n-butanol 

followed by plasma treatment had larger contact angles [76]. The plasma-treated ramie fibres' advance 

contact angles are increased from 66.3° to 106.1° owing to an increase in fibre surface roughness 

observed under a scanning electron microscope [9]. During low-temperature plasma treatment, the 

surface energy of ramie fibres increased by 117.0 and 122.9% after 1 min-300 W and 3 min-100 W 

treatment, respectively [74]. After 1 min plasma treatment fibres show a smaller contact angle, 38° 

±2.2 than untreated ramie fibres, whose contact angle was 49°±1.9 [78]. Prolonged exposure of fibres 
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to irradiation could affect their tensile strength because it can break down the long polymer 

chains within the fibre structure. It can be concluded that alcohol pretreatment improves the 

hydrophobicity of ramie fibres. 

Surface Chemical Composition  

Surface chemical composition is another property that can be affected by surface modification. 

According to Choi et al., the FTIR peaks at 1,730 cm-1, 750 cm-1, and 1,145-1,000 cm-1 indicate that 

alkalization reduced hemicellulose and lignin. On the other hand, the hydrophilicity of Ramie fibre was 

reduced by the application of silane and peroxide treatment, which resulted in the coating of the fibre 

surface with nonpolar groups [64]. After silane treatment, peaks changed. In silane and CNT-treated 

fibres, the absorption peaks at 835 cm-1 and 852 cm-1 indicate cellulose–Si bonding. The small peaks at 

934 and 935 cm-1 suggest Si–O–C or Si–O–cellulose bonding. CNT grafting onto the ramie fibre surface 

was also suggested by the low intensity of peaks for –OH stretching and bending vibrations. In all alkali-

treated fibres, the peak at 1730 cm-1 vanished, indicating the elimination of amorphous materials and 

perhaps hemicellulose [70]. As the increment of hydrophilicity, the FTIR results were consistent with 

the wetting measurements [27]. The bond features and peak positions are presented in Table 4. It can 

be summarized that all chemical treatments change the surface chemical composition of ramie fibre. 

 

Table 4. Bond features and peak positions of control fibre, alkali-treated, silane-treated fibre, and CNT-treated fibre 

[64,67,70] 

Band assignment 
Untreated  

(cm-1) 
Alkali treated 

Combined alkali 

and Silane treated 

(triethoxy vinyl) 

Combined alkali, 

Silane and 

peroxide treated 

-OH stretching, vibration 3400 - 3344 - 

C-H and CH2 stretching, the vibration of 

cellulose/hemicelluloses 
2900 

Divided into 

two peaks 
2942 

Divided into two 

peaks 

C=O stretching, vibration of the acetyl 

group of hemicellulose 
1,730-1,750 Nil - - 

C=O bonds of the hemicellulose structure 1620 - - Peak reduced 

the stretching vibration of cellulose 

polysaccharide CO and O-H groups 
1030-1034 - - - 

Aromatic C=C stretching, lignin vibration 1655 - 1656 - 

C-C stretching 1162-1000 - - - 

Vibrations of waxes' C-O ester, ether, and 

phenolic groups on fibre surfaces. 
1230 - - - 

C-H bending, b-glucosidic linkage of C1-O-

C4 
1360 and 1320 - - - 
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Band assignment 
Untreated  

(cm-1) 
Alkali treated 

Combined alkali 

and Silane treated 

(triethoxy vinyl) 

Combined alkali, 

Silane and 

peroxide treated 

     

Out-of-plane bending vibration of 

intramolecular H-bonded OH group 
668 - - - 

Lignin components due to C-O, C-C 

stretching  
1,426 Nil - - 

C-OH bending in hemicelluloses 1,730-1,750 Nil - - 

Si-O-Si symmetric bonds - - 700 - 

-Si-C symmetric stretching bond - - 765 - 

Si-O-C bond cellulose–O–Si vibration - - 950-1,150 - 

α-cellulose and β-cellulose 838 & 894 
Reduced peak 

at 838 
 - 

Si-cellulose vibration - - 835 - 

COC asymmetrical stretching, C–C, C–OH, 

C–H ring, and side group vibrations 
- - 1033, 1055 - 

C–O–C asymmetric stretching vibrations 

at beta-(1-4)-glycosidic linkages 
893 - 898 - 1105, 1159 - 

CH2 rocking vibration 1372 - 1317 - 

C–OH in-plane vibration, CH2 deformation 

vibration 
- - 1430 - 

 

Ramie fibre's chemical composition is also affected by plasma treatment. X-ray photoelectron 

spectroscopy (XPS), Fourier transform infrared spectroscopy (FTIR), and Electron spin resonance (ESR) 

spectroscopy measured the surface chemical composition of ramie after combined ethanol 

pretreatment, and the results show that oxygen to carbon (O/C) ratios decreased significantly after 

plasma treatment for 8 and 16 s. The chemical interaction between ethanol and plasma caused an 

ethyl group to graft on the fibre surface during short treatment times [73]. The C–C bond increased 

significantly in the isopropanol-pretreated group, whereas the increase in C=O bonds was most visible 

in the n-butanol-pretreated group, according to X-ray photoelectron spectroscopy analysis [76]. 

Mechanical Properties 

Tensile Strength 

Composite modification is indicated by fibre surface modification-induced mechanical property 

changes. Hui et al. found that ramie fibre-reinforced vinyl resin composites' tensile strength increased 

after alkali and silane treatments of the fibre, except for NaIO4-treated composites. The tensile 

strength of silane (KH570) treated ramie fibre-reinforced vinyl resin composite increased by 26.46% 
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[62]. Dilfi KF. et al. found that treating the fibre-matrix interface with alkali, silane, and CNT greatly 

enhanced the flexural, tensile, and interlaminar shear strength (ILSS) of modified fibre-epoxy 

composite plates [67]. The two-dimensional structure of potassium permanganate and silane-treated 

fabric increases PLLA's tensile and flexural strength by 20%. The highest tensile strength was 73 MPa. 

At 25 °C, the storage modulus of the PLLA/potassium permanganate and silane-treated fibre was 80% 

higher than that of the film PLLA/potassium permanganate and silane-treated fabric composites. 

Similarly, it rose by 52% for powdered PLLA/potassium permanganate and silane-treated fabric [61]. 

Interfacial adhesion between fibres and matrix increases tensile strength and modulus. Alkali 

treatment removes hemicellulose, lignin, and other impurities, improving fibre hygroscopicity. The 

silane treatment increased adherence. Alkali treatment removed impurities and hemicelluloses; 

hence, ramie fibre composites gained improved tensile strength. Combined alkali and silane 

treatments increased composite mechanical characteristics. Both alkali and silane treatments showed 

variability in improvement, suggesting the need to adjust chemical treatment conditions and process 

parameters during composite manufacture. 

Ramie fibre's mechanical properties improved significantly after irradiation treatment. The tensile 

strength of ramie fibre after 3 min of 200 W treatment was 253.8 MPa, which was 30.5% greater than 

the tensile strength of untreated fibre-reinforced composite [77]. However, Zhou et al. found no 

statistically significant difference in ramie fibre tensile strength following plasma treatment. This 

indicates that plasma treatments had no discernible influence on the tensile strength of ramie fibre 

[73]. Plasma-etched fibres sometimes have lower tensile strength due to cracks and pits on the fibre 

surface generated by plasma contact. Interfacial characteristics are affected by fibre plasma 

treatments. After 8, 16, and 24 s of plasma treatment, interfacial shear strength (IFSS) increased by 

20%, 19%, and 46%. The hydrophobic surface created by ethanol and cellulose in an atmospheric 

pressure plasma jet (APPJ) environment may have improved adhesion with polypropylene matrix [73]. 

The interfacial adhesion of the PP matrix and the ramie increases by 26% in the freshly made ethanol-

pretreated + APPJ-treated group, according to an interfacial shear strength test [75]. Fragmentation 

tests revealed a large interface shear stress of 17.2 MPa, a 54.0% increase above untreated fibre-

reinforced composites [77]. Interfacial shear strengths of fibre/polypropylene samples rise by 47 and 

34%, respectively, in a microbond pull-out test [76]. To summarize, optimal irradiation removes 

impurities from the surface of ramie fibres, whereas excessive irradiation might degrade cellulose and 

weaken the fibres. 

Flexural Strength 

Matrix cracking, delamination, fibre breaking, and penetration of the impacted surface are the four 

major failure modes when the fibre-reinforced composites are exposed to impact damage. Alkali-
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treated fibre composites resulted in an improvement of 4.89% in flexural strength [67]. According to 

Hui et al., the flexural strength of silane(KH550) treated ramie fibre-reinforced vinyl resin composites 

increased by 57.97% [62]. In a similar investigation, silane-treated ramie fibre-reinforced epoxy 

composites exhibited an increase of 19.34% in flexural strength [67] which further confirmed that in 

addition to alkali treatment silane coupling agent modification has a good effect. In similar 

investigations, CNT grafted fibre composites with 0.7 weight % CNT showed a 38.17% increase in 

flexural strength [67]. Combined alkali, silane treatment, and CNT grafting improved flexural strength 

[62]. Improved interfacial bonding increases flexural strength. Chemical treatments on the fibre 

surface improved matrix-fibre adhesion. This increased load transition from matrix to fibre, increasing 

flexural strength. 

Impact Strength 

The mechanical properties of ramie fibre-reinforced composite materials modified with 10% silane 

(KH570) were the best, with tensile strength increasing by 26.45%, flexural strength increasing by 

49.29%, and impact strength increasing by 38.28%. The 10% silane (KH550) modification effect came 

right after the silane modification (KH570). Choi et al. confirmed that peroxide treatment after alkali 

treatment further enhanced (65%) the impact strength of the composite [64]. The composite with 8% 

alkali treatment recorded higher tensile strength and flexural strength, and slightly decreased impact 

strength was demonstrated because of the fibre surface treatment [50]. The potential cause for a 

reduction in impact strength is the diminished toughness of ramie due to the damaged integrity of the 

fibre bundle structure. This implies that the negative influence of impaired fibres on the impact 

performance of composites outweighed the positive enhancement of interfacial adhesion. 

Additionally, the increased fibre volume ratio (48%) affects the efficiency of load transfer within the 

matrix, resulting in a decrease in the impact resistance of the ramie-reinforced thermoset PLA 

composites. In a different investigation, Li et al. found that silicone oil emulsion treatment of ramie 

improved the impact strength by 17.0% and elongation at the break by 19.6% of ramie fibre-reinforced 

polypropylene composite [65]. The impact strength of ramie has different degrees of improvement 

after alkali and silane modifications, and fibre modified by NaOH increased by 73.02% [62].  

Flame Retardant Properties 

Flame-retardants reduce the risk of fire caused by naturally combustible materials that are essential 

to maintaining a high level of living. Although bulk flame-retardants have been effective for years, 

surface treatments that localize the chemistry at the material's surface are gaining popularity [107]. 

The flame retardant is prone to charring or melting when exposed to fire. Utilizing additives that break 

down into non-combustible gases decreases the amount of fuel and oxygen in the area surrounding 
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the flame, as illustrated in Figure 10. The category of flame retardants comprises organic halides and 

some nitrogen compounds [108]. Yan et al. modified ramie fibre using APP and found that 

ramie/benzoxazine resin laminate without flame° retardant modification has a 23.2% limiting oxygen 

index (LOI) and lacks UL94 certification. Although ammonium polyphosphate (APP) lowers the 

flammability of ramie/benzoxazine resin laminate, it still fails the UL94 test. Tensile and flexural 

strengths without flame retarding adjustment are 151 MPa and 197 MPa, respectively. However, 

adding 1% weight APP significantly reduces both tensile and flexural strengths [63]. In a similar study, 

To protect the ramie/benzoxazine resin laminate from mechanical harm, the APP was covered with 

melamine resin (Mel-APP). The dynamic mechanical analysis (DMA) revealed a higher glass transition 

temperature and lower damping peaks, implying a better fibre–matrix interaction as a result of the 

CNT grafting [67]. The coefficient of thermal expansion was measured by heating the composites from 

30 °C to 100 °C at a rate of 5 °C/min with an applied load of 0.05 N. With a temperature increase from 

30 to 100 °C, the PLA matrix showed a significant dimensional change [64]. The thermal expansion of 

the composites reinforced with ramie fibres exhibited a significant reduction. This reduction can be 

attributed to the fibres' ability to restrict the thermal expansion within the composites. Composites 

exhibited significant dimensional changes at 70 oC, whereas the tensile strength of the composite 

decreased. This is attributed to the enlargement of surface area, which resulted in enhanced 

interlocking between the fibre and PLA matrix. The interlocking between the fibre and PLA matrix 

hindered the expansion of the PLA matrix. 

Li et al. modified ramie using silicone oil. According to thermogravimetric (TGA) analysis, fibre 

treatment can raise the degradation temperature of ramie fibre-reinforced polypropylene composites. 

[65]. DAP-modified ramie fibre/PLA composites had a lower thermal decomposition temperature, 

distinctive breakdown behaviour, and higher residual char formation at the decomposition 

temperature [27]. According to Chen et al., the composite produced with alkali-treated ramie fabrics 

had slightly better water resistance and thermal stability [50]. The flame retardant characteristics are 

enhanced by the treatments; however, they have a negative impact on the mechanical properties. 
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Figure 10. Flame retarding mechanism of cellulosic fibres 

FUTURE OUTLOOKS FOR RAMIE FIBRE REINFORCED PLA ACID COMPOSITES  

Ramie-polylactic acid biocomposites, made from ramie plant fibre and PLA, are a new sustainable 

material. Compared to standard synthetic composites, they may have a lower environmental impact, 

better biodegradability, and more sustainability. Ramie-PLA biocomposites have bright futures. Among 

them:  

Demand: As customers learn about the environmental impact of typical plastics and the benefits of 

sustainable materials, ramie-PLA biocomposites may become more popular. 

Improved performance: Researchers are working to improve biocomposites' mechanical properties, 

durability, and moisture and UV resistance. The improvement strategy uses chemical, biological, and 

physical methods. Dipodal and aqueous silane coupling agents can improve natural fibre-polymeric 

resin adhesion. Biocomposites that outperform synthetic composites may arise from these efforts. 

New applications: Automotive, packaging, and building materials use Ramie-PLA biocomposites. 

Technological advances and a better understanding of biocomposites may lead to new uses in 

aerospace, sports equipment, and electronics. 

Cut costs: Biocomposites are more expensive than synthetic composites, which is a drawback. 

However, manufacturing optimization and economies of scale should lower the cost of ramie-PLA 

biocomposites, making them more competitive. 

In general, Ramie-PLA biocomposites are promising and rapidly evolving materials with a bright future. 

These sustainable and eco-friendly materials will likely replace synthetic composites in more 

applications with continuous research and development. 
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CONCLUSION  

Consideration of the interface between polymer matrices and reinforcing fibres is crucial in producing 

high-quality biocomposites from natural fibres like ramie. Physicochemical treatments of ramie fibres 

are essential to enhance their adherence to the matrix. These treatments are diverse and effective in 

achieving their goals, but their large-scale use requires careful consideration of environmental impact. 

Alkaline treatments get rid of unnecessary parts of ramie fibres, which expose functional groups in 

cellulose and make it stick to the matrix better. During alkali treatment, slack and tension both enhance 

strength uniformity, with tension showing a greater strength gain in mercerized fibre. Future research 

should focus on treating fibres with tension during chemical processes. 

A common way to treat ramie is with alkali (NaOH), and treatments that combine alkali, silane coupling 

agents, peroxides, and CNT grafting give better mechanical strength. Conventional silane treatments 

form three silanol linkages, enhancing interfacial adhesion. Adding dipodal silanes creates six silanol 

linkages that make the material more stable in water, better at bonding to substrates, and stronger 

mechanically. Ethanol and methanol are used as solvents, with water-based silanes not observed in 

previous research. Water, having more hydrogen bonding sites than ethanol and methanol, is a more 

effective polar solvent. The tensile strength of alkali-treated ramie fibre composites increases by 

eliminating impurities and hemicelluloses. Combined treatments result in better mechanical 

properties, with variations indicating the need to optimize chemical treatment conditions and process 

parameters during fabrication. 

Gamma irradiation emerges as a promising option for composites with high ramie proportions. Ethanol 

pretreatment before plasma treatment enhances surface roughness. In the coming years, composites 

reinforced with hybrid fibres will find wider applications, with sustainable green chemistry changes 

such as gamma irradiation enhancing the qualities of materials reinforced with plant fibres.ž 
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