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Abstract 
This article aims to review about the different surface treatments applied to natural fibers and 

focused on sisal fiber for advanced composites applications. Natural fibers are a promising reinforcement 
for use in composites on account of its low cost, low density, high specific strength and modulus, no health 
risk, easy availability in some countries, renewability, and ready biodegradability. However, the main 
disadvantages of natural fibers in composites are the low compatibility between fiber and matrix and 
high degree of moisture absorption. Therefore, physical and chemical treatments are conducted for 
modification of the fiber surface properties. The different physical/chemical modifications on natural 
fibers for use in natural fiber reinforced polymer composites have been reviewed. Physical/chemical 
treatments including corona, plasma, alkaline, silane, acetylation, benzoylation, peroxide, maleated 
coupling agents, sodium chlorite, acrylation, isocyanate, stearic acid, permanganate, triazine, fatty acid 
derivate and fungal are discussed. The various methods for treatment of fiber aimed to improve the 
adhesion between the fiber surface and the matrix may not only adjust the fiber surface but also increase 
fiber strength properties. Moreover, moisture resistance and mechanical properties of composites are 
improved.  
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2

(Discontinuous phase)  

(Continuous phase) Matrix)
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(Lignocellulosic) 

(Cellulose), Hemicellulose), Lignin), 

(Pectin), Wax) 1 
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1  [11,12] 

Name Cellulose (wt.%) Lignin (wt.%) Hemicellulose (wt.%) Pectin (wt.%) Wax (wt.%) Micro-fibrillar/spiral angle ( ) Moisture content (wt.%)

Jute 61–71.5 12–13 13.6-20.4 0.2 0.5 8.0 12.6
Flax 71 2.2 18.6-20.6 2.3 1.7 10.0 10.0
Hemp 70.2-74.4 3.7-5.7 17.9-22.4 0.9 0.8 6.2 10.8
Ramie 68.6-76.2 0.6-0.7 13.1-16.7 1.9 0.3 7.5 8.0

Sisal 67-78 8.0-11.0 10.0-14.2 10.0 2.0 20.0 11.0
PALF 70-82 5-12 - - - 14.0 11.8

Cotton 82.7 0.7-1.6 5.7 - 0.6 - 33-34

 

        
 (a)    (b)   (c) 

1 a b  c 10] 
 

(Strength)  Stiffness

(Stability) 1(a)  

(Hydroxyl: OH)  

Intramolecular) Intermolecular 13]

Pentose) Hexoses 1 b) 
) , , 

1(c) [14] Polysaccharide) 

2

3

[15] 

Cellulose microfibrils)
 [10] 

 Primary  (Secondary)

[16] Cellulose content
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(Hemicellulose molecules)  (Cellulose fibrils) 

 Cementing materials) 
-  Cellulose–hemicellulose network) 

 (Adhesive quality    S2 (Secondary wall S2  
    80   S2  

(Mechanical properties)   
(Microfibrillar angle : ) 

 [11,17]  

 

 
 

 2  [15] 

 

 

 
 

 3  [15] 

 

 2  
 

 Specific modulus)  (Elongation at break) 
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2 [11, 12, 18] 

Name of fibers
Density

(g/cm3)

Tensile strength
(MPa)

Young's modulus
(GPa)

Specific strength

(Gpa/g/cm3)

Specific modulus

(Gpa/g/cm3)

Elongation at break
(%)

Jute 1.3-1.4 393-773 13-26.5 0.3-0.5 10-18.3 1.16-1.5
Flax 1.5 345-1100 27.6 0.2-0.7 18.4 2.7-3.2
Hemp 1.14 690 30-60 0.6 26.3-52.6 1.6
Ramie 1.5 400-938 61.4-128 0.3-0.6 40.9-85.3 1.2-3.8
Sisal 1.45 468-640 9.4-22.0 0.3-0.4 6.4-15.2 3-7
PALF 1.52 413-1627 34.5-82.51 0.3-1.1 22.7-54.3 1.6
Cotton 1.5-1.6 287-800 5.5-12.6 0.2-0.5 3.7-7.8 7.0-8.0
E-glass 2.5 2000-3500 70 0.8-1.4 28 2.5
S-glass 2.5 4570 86 1.8 34.4 2.8
Aramid 1.4 3000-3150 63-67 21.-2.2 45-47.8 3.3-3.7  

 
2.2   

(Agave sisalana Perr.)  

(Sucker) Fibrous root system) Simple leaf) (Rosette) 

Spiral) Waxy bloom) 4 [19]

, , ,
(Pentosan), 5 [20] 

 

        
4 [19] 

 

 
5 [20] 
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2.3    
  

 (Thermosets) 
 (Unsaturated polyesters)  (Epoxy) Thermoplastics)  

(Polypropylene: PP), Polyethylene: PE), Elastomers) [21, 22] 
3 

 

3  [21] 

  

   

-  -  

-  -  

-  -   

   (Polymerised) 

-  -  

   

-  -  

-  -  

-     

-     

 

2.4   
       

Length  

(Orientation (Type  
 (Short fiber)  (Random orientation), 

 (Raw and carded)  (Unidirectional) 
 (Woven fabrics)  

“Hand-layup”       , 
 

  Vacuum-assisted resin transfer molding (VARTM) 
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 Pultrusion) 
 Guide plate) 

  Curing)  Compression molding) 
 Injection molding)  

 Hot plate) 
 
  200 oC / 

5Mpa) [23] 
 

3.   
3.1   

 (Crystallite) 

Amorphous) Intra-molecular) 
  Hydrophilic hydroxyl groups) 

 Water molecules , ,   

 Polar)  Hydrophilic) 
 Non-polar)  Hydrophobic) [24, 13, 17] 

 )  
Mercerization), Acetylation), Benzoylation), Peroxide),  

3.2   
 

200oC  [21]         

  
Curing, Extrusion Injection moulding)  [25, 26] 

3.3    

 
  Higher 
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tensile strength)  (Lower compressive strength), 
 6 

 [27]        
  (Aspect ratio),  

(Dispersion), (Orientation) [11, 17, 21] 

 

 
6  [27] 

 

3.4   

 
(Micro-voids) 

 Colling rate) 
 [21]  (High void content) 

 20  (Lower fatigue resistance),  
(Diffusion)  (Absorption)  [28, 29] 

 (Higher fiber content)         
 (Lower fiber content) 

3.5   
  

(Lignocellulosic fiber)  (Absorb moisture) 
 ( : Hydroxyl groups –OH)  (Macromolecules) 
 

  (Hydrophilic fiber) 
 (Hydrophobic matrix) , 
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,  [30]  
  [31] 

 
[32] 
 

4.   
 

(Two phases) /

 [32] 

 
 (Reactive functional groups)  

, ,  (Reactive additives),  
(Coupling agents) 

 [33] 

4.1  Physical methods)  
   (Thermal treatment)   

     
 

 
  

4.1.1  Corona treatment)  

 (Tips) 
 

(Jute fibers) 
 [34] 

 (Hemp fibers)  (Young’s modulus)  30 

[35] 
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4.1.2  Plasma treatment) 

 ,  
 (Reactive free radical), 

  (Surface cross-linking) 
 (Flax fibers) (Helium 

cold plasma) 7  
 [36] 

 (Sisal fibers)  (High density polyethylene) 

 [37] 

 

      
             (a)                (b) 

7 Scanning electron micrograph (a) untreated; (b) treated plasma [36] 

 
4.2  Chemical methods) 
 Chemical treatment) 

 [38, 39]  

4.2.1  Alkaline treatment) 
Mercerization) 

  (Sodium hydroxide) NaOH)    

 (Network structure) 
 

  (OH)  
 (H-OH)   



12

O-Na (Fiber-cell-O-Na groups) [16] 

 , , ,  [40-42] 
 [21] 

 
[32, 40, 43] (1) [15]  NaOH 

 8  
  9 

Scanning electron micrograph 
 5% (wt.%) 4 

         

 

   (1) 

  

 
(a)                   (b) 

8 ; (a) Untreated; (b) Alkalized cellulose fiber [13] 

 

 

    
(a)                                                                                               (b) 

9 Scanning electron micrograph ; (a) Untreated; (b) 5% Alkali [50] 
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 4  [15:

] 

 -      

Sponge gourd-polyester 2% NaOH for 10, 60, 90 min  90    

 

2014 [44] 

Coir-polypropylene 5% NaOH for 1 h   39 

 

2014 [45] 

Sisal-polyester 2%, 6%, 10% NaOH  10% (wt.%)  

2  5   

2014 [46] 

Flax-epoxy Alkali treatment   30  

 

2007 [40] 

Sisal-polyester 0.5%, 1%, 2%, 4%, 10% NaOH treatment 

at room temperature 

  4% (wt.%) 

 

2007 [40] 

Hemp non-woven mat  

    with euphorbia resin 

0.16% NaOH for 48 h  30  
(Shear streng) 

 

2007 [41] 

Hemp fiber 8% NaOH treatment   4 2005 [47] 

Sisal-polycaprolactone  

    composite 

10% NaOH for 1, 3, 24 and 48 h  (Elastic modulus)   

 

2004 [48 ] 

Jute-vinylester 5% NaOH for 4, 6 and 8 h  4    
 (Flexural strength)  

 (Interlaminar shear strength)  

 20  19 

2001 [42 ] 

Coir-polyester 5% NaOH treatment for 72 h  (Impact strength) 

 40  

 

1983 [49] 

 
4.2.2  Silane treatment) 

 (Multifunctional molecule)  (Coupling agent) 
    

 (Siloxane bridge) 
  (Hydrolysis),  (Condensation),  (Bond 

formation)  (Silanol) 
 (Hydrolysable alkoxy groups) (Hydrolysis,  

 (2a) [51])  (Condensation process) 
  (Cellulose hydroxyl group: Si–O–cellulose,  

 (2b) [51])  (Bond formation)  (Si-

Matrix)  (Co-reactivity) 
  (Hydrocarbon chain)  
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(Fiber swelling) [32, 52] 

 [40] 

  
[53] Seki [54] 

5% NaOH for 2 h) (1% oligomeric siloxane with 96% alcohol 

solution for 1 h) 

  
 12 7 

 
20  8  Sever [55] 

           ( -Methacryloxy-propyl-trimethoxy-silane) 
 (0.1%, 0.3% 0.5%) 

 
 0.3% 

40, 30 55    
    

        (2a) 
 

       (2b) 
4.2.3   (Acetylation treatment) 

 (Acetyl group) 
  (CH3CO) 
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OH

[56]

[57, 40]

Acid catalyst) Graft

Acetic acid) Acetic anhydride) 

1-3 Acetylation 

reaction   3) [58] Rowell [59]

Acetic anhydride treatment) 
Equilibrium moisture content) 

Mishra [60]  Glacial 

acetic acid)  Sulphuric acid)
- Pre-treated 5%  10% NaOH

300oC  1 )
Bledzki [61

 50 18%

25 
 

    3) 
 

4.2.4   (Benzoylation treatment) 
Benzoyl chloride)

[40, 62] 

-
(OH) Reactive 
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hydroxyl (OH) groups)  
 OH       

  Joseph [63]     

  Wang [32] 
 (Low density polyethylene) 

6 33  
 –OH   (4) [15] 

 
 

     (4) 
 

4.2.5   (Peroxide treatment) 
 

 (Free radicals  
  [32, 

64] Sapieha [65] - Pre-treatment) 
 (Benzoyl peroxide) (Dicumyl peroxide) 

 -
  6% Acetone solution)  

30   [40, 64] 

Joseph [63] 6%

 (4%) 
 

 –OH  5 [15] 
 

     (5) 
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4.2.6   (Maleated coupling agents) 
   Maleic 
anhydride)  Grafting)    

 OH   OH 
 -  Carbon-carbon) 

 [52]  Covalent bonding) 
 Anhydride groups)  

 [66]   MAPP)   

 6) [15]  MAPP  MAPP copolymer)  
1700 oC  Wettability) 

 [40, 66]  Mishra  [67]  Banana fiber), 
  Novolac resin) 

    Flexural modulus),  
(Hardness)   Mohanty  [68] 

  30%,  6  ,  (MAPP)  
0 5%  Toluene   5  PP) 

 72 
 Mohanty  [69]  1% MAPP 

 PP   PP 
   50, 30  58 

 

 
 

      (6) 
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4.2.7   (Sodium chlorite treatment) 
  NaClO2   Bleaching   NaClO2        

 HClO2: Chlorous acid)  
Oxidation reaction)  Chlorine dioxide: ClO2)  ClO2  

  [70] 

  Delignification) 
 More flexible)  [40] Li  [71] 

 (Sodium chlorite treatment,  :   1  25,  700oC     
24   5% NaOH, 1       

  Mishra  [72] 

 Polyester biocomposites    
4.2.8    Acrylation and acrylonitrile grafting) 
  Acrylic acid : CH2 CHCOOH) 

  : PP) CH2 CHCOOH  Cellulosic hydroxyl 

groups)  Polymerization 

medium)   Carboxylic acids)  Ester 

linkages    Cellulose hydroxyl groups) 
  
  Peroxide radicals) -  Oxygen-

oxygen)  Hydrogen atoms)  Tertiary carbon) 
 (Polymer chain) 

  [40, 73, 74] 
 

1   Alcohol)  [40]  –OH  
Fiber –OH groups)   (7) [15]  Li  [75] 

 High density 

polyethylene : HDPE)  
Patel  [76] -

-  Phenolic) 
 42.2  13.9   
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(AN(CH2 CH C N)) AN(CH2 CH C N)

(Dehydrogenation)  (Oxidation) 

Monomer  

(Copolymer process [77]

25

[40] Mishra [78]

(Polyesteramide : BAK)  

13 11  –OH Fiber –OH groups

 (8) [15] 

 

    (7) 

 

     (8)  

  

4.2.9   Isocyanate treatment) 
 ( N C O) 

(Urethane linkage (Covalent bond)

Urea)
[52]  2

[77]   

(9) [15]  R  George [79]

Dimethyl formamide : DMF) DMF 

Solubility)

12.5 17.7

 

     (9) 
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4.2.10   (Stearic acid treatment) 
 CH3(CH2)16COOH) Ethyl alcohol solution) 

Carboxyl groups) 

Non-crystalline)
[80, 81] 

Kalaprasad [64]

 Torres [82] 3%

23   (10) 

[15] 
 

    (10) 

 

4.2.11   (Permanganate treatment) 
 Potassium permanganate : 

KMnO4) Mn3+) 
- Cellulose–manganate)

Graft copolymerization) 

[83] -
Hydrophilic 

–OH groups) KMnO4

1%)
Cementing 

materials)  [81, 

40] Paul [81] KMnO4

5 10 Li 75] 0.2%

2% )
2% NaOH, 1 h)
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Linear low density polyethylene : LLDPE)  HDPE)

–OH  (11) [15] 

 

    (11) 

 

4.2.12   (Triazine treatment) 
 C3H3N3)
C3H3N3CL3)  (Multifunctional groups) Reactive 

chlorines) Heterocyclic ring)
Esterification)  (Cellulose phase) 

 (Coupling agent) - C-C) 
2

[40, 77, 84] 

Crosslinking)
Zadorecki [85]

- - Trichloro-s-triazine)
Unsaturated polyester resin)

 –OH  (12) [15] 

       (12) 

 

4.2.13   (Fatty acid derivate treatment) 
 Oleoyl chloride)  

Wettability
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Wetting) 

 Corrales [86] 

Dichloromethane Pyridine) 
  

4.2.14  Fungal treatment) 
 

 
 Non-

cellulosic) Specific enzymes) 
White rot fungi ) 

Extracellular oxidases enzymes)  Lignin 

peroxidase : ) 
Solubility)   Fungi) Hyphane) 

  
[22, 87]  Sterilization) 

  Autoclave) 15  120oC 

  Incubate) 2   27oC  
Sterilized)  Washing Pickeringetal. [22] 

 22 
 

 
 32 

 

 

5  
     

  , , 
,  
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