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Abstract—Research has been going on in the field of 

development of green composites because of growing concern 

towards the environmental issues. Green composites have lot of 

potential than the traditional petroleum based composites which 

are toxic and non biodegradable. These composites have been 

used with wide range of applications from automotive sector to 

construction sector. A green composite consists of natural fibers 

as a reinforcement and polymer as a matrix material. This article 

gives the review of recent developments of green composites and 

the summary of main results presented in literature, with more 

focus on processing techniques, surface treatment of fibers, 

mechanical characterization and applications of green composite.           
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I.  INTRODUCTION  

Composites consist of two or more distinct constituents on 
a macro-scale, having a distinct interface separating them. 
Fiber-reinforced polymer composites has been used in many 
engineering applications usually where high strength and 
stiffness required as like a leaf spring made up of FRP but 
traditional FRP composites have environmental issues as well 
as recycling problems at the end of their usable lifetime. To 
overcome this, the development of green composites comes 
into consideration which consists of natural fibers as 
reinforcement and biodegradable as matrix material. Green 
composites do not have a negative impact on environment. 
Development of partially biodegradable composites started in 
1980s. In 1990s, Wood floor reinforced composites comes 
into existence. 

One of the important aspects of green composites that they 
can be designed and tailored to meet the desired requirement 
[1]  A growing interest has been developed in these 
composites using plant based natural fibers instead of 
synthetic fibers as reinforcement because with synthetic fibers, 
the composites made are partially biodegradable as compare to 
natural fibers with biodegradable resin. Sekaran et.al [2] had 
discussed different natural fibers like banana, aloe vera, Kenaf 
and sisal fibers. Vikas dhawan et.al [3] had study the effect of 
natural fillers on mechanical properties of Fiber reinforced 
polymers. They had added rice husk and wheat husk and 
coconut coir as natural fillers in GFRPs. It has been observed 
that coconut coir has better mechanical properties as compared 
to other in GFRP. Many researchers are interested in some 
biodegradable polymers such as poly lactic acid (PLA), poly 

butylene succinate (PBS) and poly(e-carprolactone).[4-8]. 
PBS has better toughness and elongation as compare to PLA, 
but the mechanical and thermal properties are not better as 
compared to PLA. Most of the natural fibers used for 
reinforcement of a polymer matrix in bio composite systems 
have been plant based or cellulose based natural fibers such as 
kenaf, jute, hemp, flax, bamboo etc [5-7]. Animal fibers such 
as worm silk and wool have better mechanical and elastic 
properties and relatively uniform topography as compare to 
plant based natural fibers [9].   

II. CONSTITUENTS OF GREEN COMPOSITES 

A composite is a material consisting of two distinct phases, 
generally a matrix or continuous phase and a disperse phase. 
The disperse phase may consist of synthetic materials such as 
fibers, minerals that can be fibers but are generally platelets or 
particles, or natural materials that are generally natural fibers. 
The matrix phase can be synthetic of natural polymer. The 
third part of the composite is the interface between disperse 
phase and matrix. The interface determines the reinforcement 
efficiency of a composite since string bond between matrix 
and disperse phase is essential.  

 

Figure 1: Constituents of green composites [5] 

Interface between the matrix and reinforcement plays an 
important role in determining the properties of composite 
materials. For the better properties, the wettability between the 
matrix and reinforcement should be proper. Many scientists 
had discussed the improved mechanical properties of green 
composite with the help of fiber treatments. There are number 
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of surface treatments (silane, acetone and alkali treatment etc) 
are used to improve the mechanical properties of green 
composites [10]. Composites are generally of two types 
partially biodegradable and fully biodegradable composites. 
Natural fibers with petroleum based non biodegradable 
polymer matrix resulting the partially biodegradable 
composites whereas natural fibers with biodegradable 
(biopolymer//green polymer) resign resulting the fully 
biodegradable composites generally called green composites. 
Two or more fibers reinforcement with polymer matrix 
resulting the “hybrid” composites [11]. Green composites are 
also classified on the basis of nature of reinforcement. Green 
composites can be classified as unidirectional and bi-direction 
continuous composites or dis-continuous reinforcement 
composites. Discontinuous composites are further categories 
as aligned or randomly oriented in the form of particulates, 
short fibers and whiskers. After completing the functionality 
of the composite, it can be easily decompose and did not have 
any negative impact on environment. Table 1 reviews some of 
the reported work on these composites.  

Table 1 List of partially biodegradable/green composites. 

Fiber Matrix Polymer Compositio
n type 

Ref. 

Rice husk, 
wheat 

husk and 
coconut 

coir 

Epoxy Resin 
(LY556) and 

Hardener (HY951) 

Partially 
biodegradab

le 

3 

Banana Polylactic acid Green 10-12 

Banana Epoxy Resin 
(LY556) and 

Hardener (HY951) 

Partially 
biodegradab

le 

13-15 

Jute Polypropylene Partially 
biodegradab

le 

16 

Jute Polylactic acid Green 17-20 

Sisal Polylactic acid Green 21 

Sisal Polypropylene Partially 
biodegradab

le 

22 

Flax Starch Green 23 

Flax Polylactic acid Green 24-26 

Kenaf Polylactic acid Green 27-30 

 

III. PROCESSING TECHNIQUES  

There are different methods for the development of green 

composites. Gomes et.al [31] had discussed the three methods 

for the development of green composites that are Direct 

Method (DM), Pre-forming method (PF) and Preg preg sheet 

method (PS).  

a) Direct Method (DM) in this method fibers are inserted 

into a metallic mold and resin is poured directly to them 

and after that material is going too pressed at 

temperature of 150 ◦C and then kept cool at room 

temperature.  

b) Pre-forming method (PF) composites are produced by hot 

pressing the pre-forms of resin pasted fibers. Firstly the fibers 

are wounded and stretched around a metallic plate, then resin 

is applied to the fibers using a small brush. Finally performs of 

fibers embedded in the resin are dried at 30◦C for 24h. 

Afterwards dried performs are pressed by 6.54MPa at 150◦C 

for 1h. The heating process is then stopped and pressure of 

13.1 MPa is applied to it until the material achieves the room 

temperature.  

c) Pregpreg sheet method (PS). Fibers are placed in the 

metallic mold, stretched and resin is applied to them. Then the 

pregpreg sheets are obtained to pressing slightly those resin 

pasted fibers one by one at 120 ◦C. Afterwards a set of five 

sheets, each with identical fiber orientation is inserted in the 

mold and pressed by 3.27MPa at 150◦C for 1h and a pressure 

of 16.9 MPa is applied to the set until the temperature 

approaches room temperature.  

 

Injection molding 

  In many studies, natural fibers are randomly oriented 

or short fibers were used as reinforcement and composites 

were developed with the help of Injection molding process. 

Tayagi et.al [32] has studied the mechanical properties of 

bamboo/PBS composites developed by injection molding 

process. In this twin screw extruder has been used. The 

mixture was prepared to be 40% by weight of bamboo fibers. 

The pellets having 40% wt were blended with the neat PBS 

and then they were imbedded into the injection molding 

machine to fabricate the specimens for testing.  

Lin et.al [33] had discussed the method of development of 

wood-plastic composite (WPC) by injection molding process. 

It has been observed that WPC is 5% lighter than the PP/glass 

fiber composite. Kovacs et.al [34] had discussed the 

comparison of mechanical properties of sisal/PP and sisal/PLA 

injection molded composite. Mohanty et.al [35] had 

summarize the development of green composites from 

distillers dried drains with soluble (DDGS) and poly(butylenes 

adipate-co-terephthalate) PBAT. These composites were 

fabricated using twin screw micro extruder and micro 

injection molding.  

 

Hand lay-up with compression molding 

Srinivasan et.al[13] investigated the mechanical and 

thermal properties of banana-flax based composite developed 

with the help of hand layup followed with compression 

molding technique. They had developed the composite with 

one layer of banana fiber is sandwiched between the two 

layers of flax fibers by hand layup method. Vikas et.al [3] had 

studied the effect of natural fillers on mechanical properties of 

GFRP composite which were developed by Hand layup with 

compression molding.  

 

 

Compression molding 

Cho et.al [36] had discussed the development of natural 

fibers (Jute, Kenaf and henequen) reinforced thermoplastic 

polylactic and polypropylene matrix composite with the help 
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of compression molding. Singha et.al[37] had discussed the 

fabrication of polystyrene/agava particle bio composites using 

compression molding technique. Hossain et. al[38] had studied 

the mechanical properties of jute fiber biopol nano phased 

green composite and also discussed the development of 

composite using compression molding process. Deng et.al [39] 

had investigated the properties of kenaf-polypropylene 

composites developed by the compression molding technique.   

 

 Vacuum-assisted resin transfer molding   

H.Park et.al[40] had prepared the flax/vinyl ester 

composite using VARTM method.  

 

Resin transfer molding 

Resin transfer molding has been used for continuous 

mat and woven rovings as well as discontinuous 

lignocelluloses fibers. The orientation of the fibers can be 

easily controlled by the resin transfer molding [41].  D.Wang 

et.al[42] had prepared the unidirectional abaca fiber 

composite using RTM. The resin was injected through the 

soft silicon tube into the mold filled with unidirectional 

arranged fibers under the action of roller pump. The raw 

composite were post cured at 100◦C for 2h.            

IV. SURFACE TREATMENT METHODS 

There are several factors that affect the mechanical properties 

of green composites like orientation of fibers, reinforcement, 

matrix and fiber-matrix interaction. The fiber matrix 

interaction is the main focus area. Many researchers had 

investigated the performance of composite with improved 

properties by the use of surface treatments like Alkaline 

treatment, Silanes treatment, Acylation, Graft 

copolymerization, bleaching etc. M. Misra et.al[43] had 

discussed the fiber surface modification with alkali treatment 

and silane treatment. In alkaline treatment the fibers were 

immersed in sodium hydroxide solution (5% w/v) for 2h at 

room temperature. Then the fibers were washed with distilled 

water containing the few drops of acetic acid. Then afterwards 

again fibers have to washed with distilled water until no 

longer indicated any alkalinity. After washing, fibers were 

kept dried in air for 2 days. Then further fibers were dried in 

air for 6h following by drying in an oven at 80◦C for 6h. 

Finally, the fibers were dried in vacuum oven at 80◦C for 6h. 

In silane treatment 5% wt APS was dissolved for hydrolysis in 

a mixture of water-ethanol (40:60 w/w). The pH of the 

solution was adjusted to 4 with acetic acid and stirred 

continuously during 1h. Then fibers were soaked in a solution 

for 3h. Fibers were then washed and kept in air for 3 days. 

Lastly fibers were dried at 80◦C for 12h. D. Wang[42] has 

discussed the treatment of abaca fibers by immersed in an 

aqueous solution of 1.0 %wt NaOH for 5 min and 5.0%wt for 

30 min respectively, with fiber-to-solution weight ratio 1:30 at 

room temperature. The fibers then washed thoroughly by 

water to remove the excess NaOH and dried at 70◦C. Surip 

et.al [44] had discussed the chemi-mechanical treatment of 

long fibers were cut into smaller size before immersed into 6% 

w/w sodium hydroxide (NaOH). The ratio for kenaf fiber to 

NaOH solution was 1:25. The immersion time was 3h, then 

fibers was rinse repeatedly before being hydrolyzed with HCl 

with different concentration. Fiber was rinsed again after 

hydrolysis until pH is neutral. Morreale et.al [45] has 

discussed the various surface treatments such as Acetylation, 

treatment with stearic acid, Benzylation and TDI treatment.  

Acetylation: the fibers are usually immersed in glacial acetic 

acid for 1h, then immersed in a mixture of acetic anhydride 

and few drops of concentrated sulphuric acid for few min, then 

filtered, washed and dried in oven.  

Treatment with stearic acid: the acid is added to an ethyl 

alcohol solution, up to 10% of the total weight of the fibers to 

be treated, the obtained solution is thus added drop wise on the 

fibers, which are then dried in oven. 

Benzylation: the fibers are immersed into the 10% NaOH and 

stirred with benzoyl chloride for 1h, filtered, washed and 

dried, then immersed in ethanol for 1h, rinsed, and dried in an 

oven. This method allows decreasing the hydrophilicity of the 

fibers. 

TDI Treatment: the fibers are immersed in chloroform with 

few drops of catalyst (based on dibutyltin dilaurate) and stirred 

for 2h after adding toluene-2,4-diisocyanate. Finally fibers are 

rinsed in acetone and dried on oven.  

 

V. MECHANCIAL CHARACTERIZATION   

Mechanical behavior can be predicted by mechanical 

characterization technique. The effect of natural fibers as 

reinforcement is studied through various characterization 

techniques. The mechanical properties of green composites are 

depend upon various number of parameters such as fiber 

aspect ratio, percentage of fiber content, surface treatment of 

fibers and coupling agents to increase the bonding between 

fiber and matrix. There are various tests to predict the 

mechanical characterization of fibers as tensile strength, 

Young’s modulus, compressive strength, flexure strength, 

flexure modulus, impact strength which include charpy/izod 

test and shear strength.             

Bajpai et.al [4] had studied the mechanical properties of PLA 

and Polypropylene based natural fiber composite. He observed 

that tensile strength of the composite have improved due to 

addition of natural fibers for both the composites. Tensile 

strength and young’s modulus of PLA based composites were 

higher as compare to PP-based composite. PP based composite 

shows a decrease in impact strength as compare to PLA based 

composite because of stress concentration region around the 

natural fibers bundle. Fiber treatment improved the interfacial 

interaction, thus resulting in improved properties [10].  As the 

fiber content in the loading direction increases, young’s 

modulus and tensile strength of both PLA-SRC and PLA-PBS 

composite increases [6]. D. Ray et.al [46] had observed that 

prepared MACO/jute composite had 42% higher impact 

strength than the UPE/Jute composite. MACO/Jute composite 

exhibited a unique damping behavior at room temperature as 

well as at higher temperature. Silane-treated fibers and 3% 

C30B nano clay offered better strength and modulus due to 

formation of hydrogen bonds of nano clay between fiber-

matrix interfaces [11]. Srinivasan et.al [13] had observed that 

the tensile strength of Flax-Banana based GFRP composite is 

39 N/mm2 which is higher that the Banana based GFRP 

composite with 32N/mm2 and Flax-based GFRP composite 
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with a value of 30N/mm2. Flax-banana based GFRP composite 

have excellent ability to absorb impact force as compared to 

Banana based GFRP composite.  Surface treatment results in 

improved tensile and flexural properties and decrease in 

impact strength [19].  Composites containing 20, 40 and 50% 

date palm fibers have lower void fractions while composite 

with 60 and 80% have higher void fractions [23].  Flexural 

properties increased with 30 to 50% flax addition and with 

increase of silane addition, the tensile and flexural properties 

increases [25].  Unidirectional composite fabricated using 

emulsion type Kenaf/PLA with 70% fiber fraction has higher 

tensile and flexural strengths of 223 MPa and 254MPa resp 

[27].  Both young’s modulus and tensile strength were larges 

for Kenaf/PLA composite as compared to PLA alone [29].  

Green composites with higher modulus will be the strong 

candidate for replacement of glass fiber composite [31]. 

Flexural strength of PLA was greatly improved by introducing 

chopped jute and kenaf fibers to the PLA matrix [36].  Surface 

modified fibers showed better tensile properties compared to 

the untreated fibers for the presence of higher percentage of 

crystalline cellulose. Treated jute-biopol composites showed 

better storage modulus, flexural strength as compared to 

untreated jute-biopol composites [38].               

 

VI. APPLICATIONS OF GREEN COMPOSITES 

Natural fiber composites are being used in wide range of 

applications like automobiles, construction, and furniture and 

so on. A rich application of plant fibers are in Mercedes-Benz 

E- class. Most of the parts of the car like center console and 

trim, various damping and insulating parts, seat cushion parts 

and door trim panels are made from plant fiber composites [5]. 

Table 2 shows the automotive parts produced from natural 

fibers.  

 

Table 2: Automotive parts produced from natural materials [5] 

Vehicle part Material used 
Glove box Wood/cotton fibers molded, 

flax/sisal 

Door panels Flax/sisal with thermoset 

resin 

Seat covering Leather/wool backing 

Seat surface/backrest Coconut fiber/natural fiber 

Trunk panel Cotton fiber 

Floor panels Flax mat with PP 

Trunk floor Cotton with PP/PET fibers 

  

Green composites have found increasing application in 

industrial housing construction as compared to other industrial 

application.  

VII. CONCLUSION 

Green composites have gained high interest because of 

environmental issues and declining petroleum based resources. 

Green fibers like flax, nettle, jute, sisal, kenaf and so on are 

the present and will be the future raw materials. Still more 

research and development required for the extraction, 

characterization and surface modifications techniques. A 

research can also be required in the area of reducing the cost 

of biopolymer as matrix material.     
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