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Abstract. In recent years, natural fiber reinforced polymer composites have gained more attention and interest for the 

development of environmental-friendly material and are partly replacing currently used synthetic fibers. The natural fibers are 

easily available, low-priced, recyclable, high specific strength and enough modulus material.  Present Experimental investigation 

deals with the Mechanical behavior of Alkaline treated Hemp and E-Glass fiber hybrid composite. Hybrid composites were 

fabricated by hand lay-up technique in a mould. The Mould is designed based on ASTM Standards. The Fiber hybrid composite 
is also subjected to the Water Absorption test. The mechanical performance of the composite fiber is investigated by varying 

parameters like alkaline treatment of Hemp and E-Glass fiber, and stacking sequence of the composite plate. The various 

Mechanical tests done here show improvement in strength of the fibers. Weight measurement gives results for t he water 

absorption tests. The mechanical performance like flexural and hardness properties of hybrid composites showed a positive 

consequence with NaOH treatment and stacking sequence of woven fibers. The percentage of moisture uptake increased as the 
fibre volume fraction increased due to high cellulose content. The hardness, tensile, and flexural properties of hybrid specimens 

were found to decrease with increase in percentage moisture uptake. 
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1 Introduction 

Natural fibres exh ibit  many advantageous properties as 

reinforcement for composites. They are low-density 

materials, yielding relatively lightweight composite with 

high specific properties [1]. Natural fibres also offer 

significant cost advantages and benefits associated with 

processing, as compared to synthetic fibres such as glass, 

nylon, carbon, etc. However, mechanical p roperties of 

natural fibre composites are much lower than those of 

synthetic fibre composites. Another disadvantage of 

natural fibre composites which makes them less 

attractive is the poor resistance to moisture absorption 

[2]. Hence the use of natural fibre alone in  the polymer 

matrix is inadequate in satisfactorily tackling all the 

technical needs of a fibre reinforced composite. In an 

effort to  develop a superior, but economical composite, a  

natural fibre can be combined with a synthetic fib re in 

the same matrix material so as to take the best advantage 

of the properties of both the fibres. Th is results in a 

hybrid composite, which when evaluated shows 

enhancement in the properties of co ir-polyester 

composites by incorporating glass as an intimate mix 

with coir [3]. The use of hemp fibers as reinforcement in 

composite materials has increased in recent years as a 

response to the increasing demand for developing 

biodegradable, sustainable, and recyclable materials. 

Hemp fibers are found in the stem of the plant which 

makes them strong and stiff, a primary requirement for  
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the reinforcement o f composite materials. The 

mechanical properties of hemp fibers are comparable to 

those of glass fibers. However, their biggest disadvantage 

is the variability in their properties. Composites made of 

hemp fibers with thermoplastic, thermoset, and 

biodegradable matrices have exhibited good mechanical 

properties. A number of hemp fiber surface treatments 

were used to improve the fiber/matrix interfacial bonding 

[4]. Because the low interfacial propert ies between fiber 

and polymer matrix often reduce their potential as 

reinforcing agents due to the hydrophilic nature of 

natural fibers, chemical modificat ions are considered to 

optimize the interface of fibers. Chemicals may  activate 

hydroxyl groups or introduce new moiet ies that can 

effectively  interlock with the matrix. The development of 

a definitive theory for the mechanism of bonding by 

chemicals in composites is a complex problem. 

Generally, chemical coupling agents are molecules 

possessing two functions. The first function is to react 

with hydroxyl groups of cellulose and the second is to 

react with functional groups of the matrix [5]. Chemical 

modifications of natural fibers , aimed  at improving the 

adhesion with a polymer matrix, were investigated by a 

number of researchers. Alkaline treatment or 

mercerization is one of the most used chemical 

treatments of natural fibers used to reinforce 

thermoplastics and thermosets. The important 

modification done by alkaline treatment is the disruption 

of hydrogen bonding in the network structure, thereby 

increasing surface roughness. This treatment removes a 

certain amount of lignin, wax, and oils covering the 

external surface of the fiber cell wall, depolymerizes 
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cellu lose, and exposes the short length crystallites[6].  
Thus, alkaline processing directly in fluences the 

cellu losic fibril, the degree of polymerizat ion and the 

extraction of lignin and hemicellulosic compounds [7]. In 

this research, both glass and hemp fiber were treated with 

5% of NaOH solutions, because Mishra et al. [8] reported 

that 5% NaOH treated sisal fiber-reinforced polyester 

composite had better tensile strength than 10% NaOH 

treated composites. This is because, at higher alkali 

concentration, excess delignification of the natural fiber 

occurs resulting in a weaker or damaged fiber. The 

tensile strength of the composite decreased drastically 

after certain optimum NaOH concentration. The aim of 

this work was to exp lore the possibility of improving the 

effective mechanical properties of a thermoplastic matrix 

reinforced with natural fibers enhancing the fiber–matrix 

interphase physicochemical interactions. The fiber 

surface area was increased by means of an alkaline 

treatment to promote a chemical interaction between the 

fiber and the matrix, and also investigate the mechanical 

properties of hybrid composites with a varying stacking 

sequence of hemp and both uni-directional and bi-

directional E-glass fibres. 

 

2 Experimental  
 

2.1. Materials 
 

Hemp fibre and E-g lass mats for the present research 

study was collected Javenthee Enterprises located in 

Guindy, Chennai, Tamilnadu, India. Both reinforcements 

were sun dried for 2 days to remove the moisture. 

Araldite LY556 type of Epoxy was used as a matrix and 

Aradur HY 951was used as a Hardener, both are supplied 

by Madurai Chemicals Pvt. Ltd., Tamilnadu, India. 

 

2.2. Treatment with alkaline solution  

The fibers were t reated with a NaOH aqueous solution 

(5%) for 24 hours, and then they were washed with 

distilled  water until all the sodium hydroxide was 

eliminated, that is until the water used for washing the 

fibers no longer gave any alkalin ity reaction. 

Subsequently, the fibers were dried to 608˚C for 24 

hours. 
 
2.3. Fabrication of composites 

Hemp fibre with NaOH (treated) was taken for composite 

fabrication along with the woven E-glass fibre mats 

available as such. Between the layers of woven E-glass 

fibre mats, hemp mat was placed and composites of 

varying stacking sequence of glass and hemp-based 

hybrid composites were prepared with the Epoxy resin 

using a closed mold. At first, the mold was polished and 

then a mold-releasing agent was applied on the surface. 

Epoxy resin was cured with 1 weight % of hardener and 

thoroughly mixed. The resin mixture is degassed in 

vacuum desiccators and then poured on the fibre mats 

placed in the mold. When the mats are completely wet by 

the resin, the mold is closed and placed on the lower 

movable platen of the hydraulic press. The mold is then 

pressed at 0.2 kg/cm
2
 and cured at room temperature for 

24 hours. 

 
Table 1. Stacking sequence of composite plate 

Sl.no Stacking sequence Treatment 

1  hemp -bidirectional glass -hemp  

glass  

with NaOH  

2  hemp  -bidirectional glass  -hemp  

glass 

without 

NaOH 3  hemp  -unidirectional glass -hemp  

glass  

with NaOH 

4  hemp  -unidirectional glass -hemp  

glass  

without 

NaOH  

3 Result and Discussions 
 
3.1Flexural test 
 

The flexural test was conducted as per ASTM D 790. 

Specimens of 125mm length and 12.7mm width were cut 

from the laminate such that the hemp warp yarns oriented 

along the length of the specimen. Specimens were loaded 

as three-point bending with a recommended span to 

depth ratio of 16:1. The test was conducted on the same 

machine using a load cell of 10kN at 2.8mm/min rate of 

loading. The flexural stress in a three-point bending test 

is given by σmax = (3PmaxL)/(bh
2
), where P max is the 

maximum load at failure (N), L is the span (mm), b and h 

are the width and thickness of the specimen (mm), 

respectively. Flexural strength of laminates with d ifferent 

conditions is compared in Fig 1 & 2. Comparison of the 

unidirectional g lass fibre bid irectional along with hemp 

fibre provides better strength. The maximum flexural 

strength was achieved at 5 Mpa because the distribution 

of load will be more in b idirectional. This will lead to 

increasing the load carry ing capacity. In comparison to 

the untreated composites the NaOH treatment shows 

better strength. The flexural strength improved by 

changing the topography of the fiber by an alkaline 

aqueous solution pointed out that an alkali treatment 

increases surface roughness, resulting in better 

mechanical interlinking and more cellulose exposed on 

the fiber surface. This increases the number of possible 

reaction sites and allows better fiber wetting. Alkali 

treatment [9] also leads to fiber bundle fibrillation, that 

is, breakdown of the composite fiber bundle into smaller 

fibers, which increases the effective surface area 

available for contact with the wet  matrix. Th is is 

expected because NaOH reacts with OH groups of 

cellu lose and also removes all impurit ies from the fibre  
surfaces thus increasing the adhesion and compatibility 

between fibres and polymer, resulting in  higher strength 

[14]. 
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Fig.1. Flexural strength of unidirectional glass fibre with hemp 

 

Fig.1. Flexural strength of Bidirectional glass fibre with hemp 

3.2. Tensile properties 

The tensile strength of a composite material is main ly 

dependent on the strength and modulus of fibres, the 

strength and chemical stability of the matrix, and the 

effectiveness of the bonding strength between matrix and 

fibres in t ransferring stress across the interface [10]. Fig 

3 & 4 shows the tensile test on unidirectional and bi-

directional glass fiber samples with hemp fibre. In 

comparison to the bidirectional fibre, unidirectional fibre 

provides lesser strength, which may be due to the 

presence of so many fibre ends in the biocomposites that 

cause crack init iation and hence potential composite 

failure as well as nonuniform stress  transfer due to fibre 

agglomerat ion within the matrix [11]. Tensile strength is 

independent of shrinkage during alkali treatment and 

other treatment parameters. These changes are possible 

due to interacting factors [12] such as breakage of alkali 

sensitive bonds existing between the different 

components of the fiber as a result of swelling and partial 

removal of the hemicellulose; the fiber becomes more 

homogeneous through micro-void elimination; 

arrangement or format ion of new hydrogen bonds 

between certain cellulose chains due to the elimination of 

hemicellulose, which normally separates the cellu lose 

chains; this may also occur as a result of the release of 

initial strains and following read justments to the chains 

after intracrystalline swelling action, thus resulting in a 

probable change in cellu lose in the o rientation of non-

crystalline cellulose; modify in the parts of crystalline 

cellu lose and transforms in the orientation of molecular 

chains. The difference in the tensile strength depending 

on the kind of fiber can also be caused by other factors, 

such as the fiber length, hydrophilicity, etc., as well as 

the difference in the chemical nature of the fiber [13]. 

 

Fig .3 Tensile strength of unidirectional glass fibre with hemp 

 

Fig.4. Tensile strength of bi-directional glass fibre with hemp 
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3.3. Hardness 

Hardness test was conducted as per ASTM D 140. 

Specimens of 20mm length and 20mm width were cut 

from the laminate. The test was conducted on the Brinell 

hardness machine. The hardness strength of specimens 

was calculated by BHN= , where p is the 

maximum load at failure (N), D is the diameter of 

indenter (mm), and d is the diameter of indentation 

(mm), respectively. Hardness is the resistance of the 

material to localized deformations. The hardness of 

material depends on ductility, elastic s tiffness, plasticity, 

strain, strength, toughness, elasticity, and viscosity. The 

hardness of material is improved by increasing the 

bonding strength of composite. The treatment of the 

natural fibers with a diluted alkaline solution promotes 

the partial removal of the hemicelluloses, waxes, and 

lignin  present on the surface of the fiber, and leads to 

some changes in their morphology and chemical 

composition. Alkaline processing directly influences the 

cellu losic fibril, degree of polymerizat ion, extract ion of 

lignin  and hemicellu losic compounds. Thus, the alkaline 

treatment may  increase surface roughness of fibers. The 

improved properties of fibres with alkali treatment for 

longer duration as a result of dissolution of 

hemicellulose, development of crystallin ity and 

fibrillat ion thus created superior bonding with polyester 

resin matrix, but the increased brittleness of the fibres 

due to development of crystallin ity lowered the effect ive 

stress transfer in the interface and reduced the hardness 

strength [15]. Fig 3 clearly shows the above statement. 

 

Fig.5 Hardness of unidirectional glass fibre with hemp 

 

 

Fig.6. Hardness of bi-directional glass fibre with hemp 

Conclusions 

In this research, alkali t reatment was performed in order 

to improve the interfacial p roperties of hemp with  glass 

fiber and Epoxy. The alkali treatment allows the 

elimination of major parts of lignin and hemicellulose of 

hemp and glass fibers. The alkali treatment improves the 

surface adhesive characteristics by removing natural and 

artificial impurit ies, thereby producing rough surface 

topography. Alkali treatment was found to improve the 

thermal resistance of hemp fibers due to  the removal of 

the waxy  layers and  other impurit ies from the surface. 

Hemp and glass fibers treated with a 5 weight % NaOH 

solution, were found to give optimum flexural, tensile 

strength with an increase of 37% compared to raw fiber. 

However, the 5 weight % NaOH treatment for long 

duration results in surface damages of the fibers and 

consequently, a decrease of hardness strength was noted. 

For the hemp and glass fiber reinforced composite, the 

tensile strength was significantly (about 37%) increased 

after alkalization in comparison with the untreated fiber 

case. After alkalization, cellulose-rich fibers were 

produced by losing the impurities (hemicellulose, lignin, 

and extractives) At the high temperature of the extrusion 

process, the fibers could release volatile gases from 

hemicelluloses and ext ractives, which might weaken the 

fiber/matrix interface. Thus, NaOH t reated fibers would 

reduce the possible cracks and microvoids at the 

interfaces between the fibers and polymer matrix. 

 

 

 

795 

796 

797 

798 

799 

800 

801 

802 

Hardness test (shore "D" scale) 

WITH NaOH WITHOUT NaOH 

 

760 

765 

770 

775 

780 

785 

790 

Hardness test (Shore "D" scale) 

WITH NaOH WITHOUT NaOH 

International Journal of Pure and Applied Mathematics Special Issue

1976



References 

1. M.A. Dweib, HuDonnell, Shenton, H.W.Wool, 

R.P., (2004). All natural composite sandwich 

beams for structural applications. Compos. 

Struct. 63, 147–157. 

2. K. John, Venkata Naidu,(2004). Sisal fibre/glass 

fibre hybrid composites: impact and 

compressive properties. J. Reinf. Plast. Compos. 

23 (12), 1253–1258. 

3. Dr. P. Ponnusamy And V.Vadivelv ivek, 

“Investigation Of Mechanical Properties Of 

Palm Sprout Fiber Reinforced Composites”, 

International Journal of Innovations in Scientific 

and Engineering Research (IJISER), Vol.3, 

no.2, pp.16-22, 2016. 

4.  Pavithran, Mukherjee, P.C. Brahma Kumar 

(1991) Coir-g lass intermingled fibre hybrid 

composites. J. Reinf. Plast. Compos. 10, 91–

101. 

5. Asim Shahzad. Hemp fiber and its composites – 

a review. Volume: 46 issue: 8, page(s): 973-

986. 

6. A.K. Bledzki, J. Gassan Composites reinforced 

with cellu lose based fibres.  Progress in Polymer 

Science , Volume 24 (2) – May 1, (1999). 

7. A. K. Mohanty, M. Misra, L. T. Drzal. Surface 

modifications of natural fibers and performance 

of the resulting biocomposites: An overview 

Composite interfaces,volume 8.(2001). 

8. A. Jahn, M.W. Schroder, Futing (2002). 

Spectrochim Acta A: Mol Biomol Spectrosc 

58:2271. 

9. S. Mishra, A.K Mohanty (2003). Compos Sci 

Technol 63:1377. 

10. Bismarck, J.Springer, E. Schulz (2005). 

Polystyrene-grafted carbon fibers: surface 

properties and adhesion to polystyrene. J. 

Thermoplast. Compos. 18, 307–331. 

11. Z. Gao,  Reinfshinder Kenneth . Tensile failure 

of composites, influence of interface and matrix 

yielding. Jour of CompTech and Research 

(1992);14:201–202 

12. AK. Mohanty, Mubarak Hinrichsen .Surface 

modification of jute and its influence on 

performance of biodegradable jute-fabric/biopol 

composites. Compos Sci Technol 

(2000);60:1115–24 

13. S.H .Zeroniaan. Cellulose chemistry and its 

applications. In: Nevell TP, Zeronian SH, 

editors. Chichester: Ellis Horwood Limited; 

(1985) 

14. Sam-Jung Kim , Jin -Bok Moonb. Mechanical 

properties of polypropylene/natural fiber 

composites: Comparison of wood fiber and 

cotton fiber. Polymer Testing 27 (2008) 801–

806 

15. Md. Saifu l Islam, Sinin Hamdan. The effect of 

alkali pretreatment on mechanical and 

morphological properties of tropical wood 

polymer composites. Materials and Design 33 

(2012) 419–424 

16. D. Raya, B.K. Sarkara the mechanical properties 

of vinylester resin matrix composites reinforced 

with alkali-treated jute fibres. Composites: Part 

A 32 (2001) 119–127. 

 
 

International Journal of Pure and Applied Mathematics Special Issue

1977



1978


