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Abstract. In this paper, early research on the structure and properties of coir fibres 
has been critically reviewed. Gaps in the scientific information on the structure and 
properties of coir fibre have been identified. Attempts made to fall some of these 
gaps include the evaluation of mechanical properties (as functions of the retting 
process, note aiameter ana gauge lengths of fibre, as well as of the strain 
rates) and fracture mechanisms using optical and scanning electron microscopy. 
The deformation mechanism of coir fibre resulting in certain observed properties has 
been discussed with the existing knowledge of the structure of plant fibres as a basis. 
It is concluded that more relined models need to be developed for explaining the 
observed mechanical properties of coir fibres. Some of the suggestions for further work 
include relating properties of fibres to factors like the chemical composition of the 
fibre and the size and number of cells, size of lumen, variation in micro-fibril angle 
within each cell and between different cells of the same fibre, and understanding the 
deformation of the whole fibre in terms of deformation of individual micro-com. 
ponents. Further work is required on the effects of mechanical, thermal and thermo- 
mechanical, chemical treatments to modify the structure and mechanical properties 
of these fibres in such a way as to make them more suitable as reinforcements in 
polymer, clay and cement matrices. 

Keywords. Coir fibre; retting; stress-strain curve; strength properties; micro-fibriUar 
angle; cell; lumen; deformation mechanism; reinforcement of plastics. 

1. Introduction 

I t  is becoming customary to use glass fibres, carbon fibres and Kevlar  fibres in the 
manufacture of  reinforced plastic products for applications ranging f rom aerospace 
indastdes, to building construction, transportation and sports goods. However, the 
high cost of  these fibres is a constraint on their use in silos, water troughs, corrugated 
sheets for  roofing, parti t ion walls and other low-cost applications. I t  is, therefore, 
worthwhile to look for  cheaper substitutes for such fibres in developing countries like 
India in view of  the relative prices of  different fibres given in table I. One such possible 
substitute is coir fibre which is abundantly available in India. This is a fruit fibre 
obtained f rom coconut palm (Cocos Nucifera Linn) grown in tropical regions. 
Though eoir has been used in a variety of  applications, very limited data on the 
mechanical and physical properties as well as structure of  coir fibres is available 
in the literature (CSIR 1960; Thompson & Hewitt 1935; Menon 1935, 1939; 
Bergen & Krause 1940; Banerji 1947; Mathai  et al 1948a, b; Heyn 1948; 
Varrier & Mondgill 1949; Sengupta et al 1949; Kaswel 1953; Harris  1954; Prabhu 
1959 a, b, 1960; Ja rman & Laws 1965; Venkateswarlu & Govindan Kut ty  1968; 
Purushothaman 1974). Coir  fibre is at  present used to make mats,  mattings, 
carpets, ropes, and brushes. Curled coir is used in the manufacture  of  rubberized 
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Table 1. Comparative prices of typical natural and synthetic fibres 

Cost 
Fibres Rs/kg 

Carbon 1760 
Stainless steel 450 
Glass 40 
Pineapple leaf 40 
Banana 12 
Palmyrah 8 
Sisal 5-6 
Coir 3--4 

coir pads which is used for upholstery. Coir fibre is also used to prepare simulated 
animal hair and as packing material, as well as for thermal insulation. Bituminized 
eoir mattings find use in godowns and in road construction; coir can also be used 
as material for the control of sea-erosion, rail embankments and on the slopes of 
highways. With improved understanding of the structure-property relationships of 
coir fibre, it may be possible to find new uses for coir fibres for purposes like 
reinforcement of plastics, rubber, clay and cement. 

In this paper, early work carried out on coir fibre has been reviewed and the gaps 
that exist in the literature on the structure-property relationships of these fibres 
are highlighted. Subsequent studies made in our laboratory to fill some of these 
gaps have also been summarized, particularly on the mechanism of fracture in eoir 
fibres. Some research and development imperatives for the future have also been 
listed. 

2. Early work on coir fibre 

Coir is a hard, versatile, natural fibre available in large quantities (World: 0.78 million 
tons/year; India: 0.16 million tons/year) and is a renewable resource. Coir fibre is 
obtained by dehusking coconut and separating it from the pithy material of the fibrous 
mesoearp by a process of retting. Retting, being a biological process, may be carried 
out at any time during the year either in freshwater or saline water, flowing water or 
stagnant water, deep waters or back waters. The husks may be placed for retting 
either in the upright position in coir nets or in pits. It has been reported (CSIR 
1960) that the retting is quicker in the summer months but the colour of the fibre 
is brown. The fibres obtained from the husks retted in saline water are stronger and 
have a better colour (golden yellow); in fibres obtained from husks placed in fresh 
water, the retting is incomplete resulting in same amount of pith adhering to the fibre. 
Fibres obtained from retting in stagnant water were found to be weak. Husks soaked 
in the back waters and placed upright in coir nets yielded better quality fibres, both 
in terms of strength and eolour for grading purposes. 

Coir fibre is generally not very long (0.15--0.28 m) compared with the average 
lengths of 1.40 m for sisal and 2.4 m for banana. Its diameter varies from 
0.1 to 0.5 mm against 0.05 to 0.20 mm for sisal and 0-05 to 0.30 mm for banana. 
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The coir fibre is multicellulax (the fibre contains 30 to 300 or more cells in its 
total cross-section) and its cross-section is polygonal or round. Figures 1 a-e 
(plate 1) show the transverse and longitudinal section of coir fibre, indicating the 
number of cells and distribution of cells around the central pore called' lacuna '. The 
individual cell size is 12-14/~m in diameter (Bergen & Krause 1940) and the length- 
to-diameter ratio of the cell is of the order of 35. The walls are thin to fairly thick 
with lense-shaped silicified stegmata (15/~m in diameter) on their surface (figure 2, 
plate 2). These are delicate thickenings with a few of them being circular or spiral 
in shape. There is a central cavity in each cell called lumen, which is medium to 
large in size (polygonal, round or rounded to elliptic in shape) and is estimated to be 
5.0--7.5 vm in diameter. The surface of the individual cell is smooth or rough with 
certain defects like cross-markings, while the surface of the fibre is coated with a waxy 
material called cuticle. 

The chemical constituents of pure coir fibre have been found (Menon 1935, 1939) 
to be cellulose, lignin and hemicellulose, pectin and water solubles. The relative 
percentages of the chemical constituents in the fibre and the nature of the lignin 
complex have been studied and are found to vary with the age of the nut from which 
the fibre is extracted (table 2, Menon 1939). It has also been pointed out that the 
aromatic components of a pectic nature present in the husks, serve as lignin precursors 
(Bergen & Krause 1940). The ageing of the fibres is found to render the fibres stiffer 
and tougher, and leads to an increase in the lignin content (see table 2). 

2.1 Strength properties of  coir fibre 

The breaking load of single fibres obtained from four localities of Kerala was deter- 
mined (Mathai et al 1948a, b and Varrier & Moudgill 1949) for the first time by using 
a modified Oniel's torsion tester of constant load type for grading purposes. There 
was no reference to the size of the fibres tested except that the strengths of the fibres 
were computed by using the fineness of the fibre (i.e. weight of the fibre in g of a 
km or 9 km length expressed as tex or denier) in order to account for the non-uniform 
cross-section of the fibre. The fibres tested varied in their impurity content (pith and 
sand) and also in their colour, (golden yellow to black). One set of these fibres (which 
was found to be the best in terms of strength and colour) was also chemically treated 
individually with water, sulphuric acid, oxalic acid, bleaching powder, tartaric acid, 
chlorine water and SO s solution before being subjected to tensile load. No other 
details of the tests are available in Mathai et al (1948a, b). 

From a statistical evaluation of the strength data it was reported that the tensile 
strength of the coir fibre varied from place to place. However, it is not clear whether 

Table 2. Composition of coir fibre (wt. ~) 

Hemi- Total Hot 
Maturity cellu- Lignin Cellu- water water Ash 

lose lose solubles solubles 

Very young nuts 0.25 41.02 36.11 15.50 4.00 u 

Young nuts 0.15 40.52 32.86 16.00 2.75 

Matured nuts 0.25 45.84 43.44 5-25 3.00 0.13 

Pro. C--2 
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the variation in the strength of the fibre is due to difference in retting process adopted 
in these places or due to the locality from where the husks were procured. Mathai 
et al (1948a, b) concluded that the quality of the fibres depends on various factors 
like size, maturity and variety of coconut, as well as the processing methods adopted. 

Similarly chemical treatments affected the strength considerably. However, no 
satisfactory explanation has been given for the observed variation in the strength of 
the fibres. 

The values of specific strength (18 kin-w0, elongation at break (Venkateswarlu 
& Govindan Kutty 1968) toughness (1.6 kin-w0 and Young's modulus (430 km-w0 
have also been reported elsewhere (Kaswel 1953). 

Later, Prabhu (1959a, b, 1960) studied various properties of eoir fibres like tenacity, 
elongation, the torsional rigidity of different varieties of coir fibre for grading as 

well as for evaluating the effects of various chemicals on the properties of the fibre. 
He tested both single fibres as well as yarns (after conditioning them at 65 + 2 ~o RH 
and 25°C for 24 hr) on the Schoper single-thread tester adjusted to give a test length 
of 0.0254 m (1 in.)between the grips at a strain rate of 0-25 m/rain. Test samples 
weighing 1 - 2  × 10 -8 kg were prepared by drawing out small groups of fibres at 
random from the bulk samples. Fibre length and fibre fineness were determined on 
air-dried material. 

The test portions of the fibre/yarn were then cut after the break and weighed in 
groups to compute the tenacity values. Because of wide variation in the cross- 
sectional shape of the fibres even along the length of a given fibre, a statistical analysis 
of the measured values was made. 

The tenacity, ~o elongation and torsional rigidity values obtained for a grade FFFF  
(the best quality fibres: fibres, more than 15 cm long which constitute 66"43 ~o of the 
fibres and fibres of width 222/~m) were 11.97 g/textile unit (strength 133 MN/m~), 
29.04 ~o and 0.189 N/m s respectively. On the other hand, the breaking strength and 

elongation at break and the strength of yarns were of the same order as those 
found for cotton yarn. There are reports on the relation between the fibre properties 
and yarn characteristics of banana, sisal, jute and mesta fibres, which point out that 
the fibre properties and the structure (like orientation of molecules cross-sectional 
area and shape and the length of the fibre) have a bearing on yarn properties like 
twist and compactness of the fibre. It was pointed out that the ~o extension at break 
is a favourable factor for coir fibre particularly for applications involving repeated 
tension, bending and relaxation as in cordage ropes. 

The properties of eoir fibre were significantly affected by chemical treatments. The 
fibres became soft after these treatments; and this could be due to leaching out of the 
lignin by the chemicals. However, the deformation mechanism leading to the 
observed mechanical properties has not been discussed. 

X-ray studies have thrown light on the crystallinity and preferred orientation of the 
cellulosic matter in coir (Thompson & Hewitt 1935; Banerji 1947; Heyn 1948; Harris 
1954; Venkateswarlu & Govindan Kutty 1968; Purushothaman 1974). It has been 
reported (Thompson & Hewitt 1935) that the cellulose in the secondary walls of the 
cells of this fibre form helical spirals of crystallites making an angle of around 45 ° with 
the fibre axis. It has also been reported that the crystal structures of fibres obtained 
from dry and green husks hardly show any difference. Similarly, delignification 
does not seem to have any effect on the x-ray diffraction pattern of the fibres. 
Also, fibres treated with a saturated solution of sodium chloride and a solution of 
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sodium hydroxide, of various concentrations, did not change either the orientation 
of cellulose spirals with respect to the fibre axis, or the tendency of the (101) planes 
of cellulose crystals to lie parallel to the fibre surface (Venkateswarlu & Govindan 
Kutty 1968). It has also been reported (Purushothaman 1974) that there is no 
difference in the structures of retted and unretted fibres and hence no appreciable 
change in properties was expected. On the other hand, a reduction in preferred orien- 
tation was observed for fibres treated with sodium hydroxide (bleached or dyed). 
After bleaching, (101) reflections were found to disappear indicating that the fibres 
eroded across the (101) plane or the glucose rings were oriented to cause a decline in 
(101) reflections. It has also been reported that the initial modulus, higher elongation 
and other viscoelastic properties of coir fibre could be explained by the tensile 
deformation mechanism of the helical structure in wood fibre (Lundwick 1953). 

2.2 Structure and fracture mechanism in plant fibres 

Further attempts have also been made (Heade 1943, 1964; Cowdrey & Preston 1966; 
Page et al 1971; Brinson 1973; Gordon & Jeronimides 1974; Jeronimides 1976; 
McLaughlin & Tait 1980) to explain the observed strength, modulus and % 
elongation as well as the fracture mechanism in plant fibres assuming a cylindrical 
cell model (Browning 1963). According to this model, structure of any natural 
fibre like coir consists of a number of continuous cylindrical cells cemented to- 
gether by inter-cellular substance or true middle lamellae (figure 3), which is 
isotropic and non-cellulosic (lignin + pectin) and ligneous in nature, and a central 
cavity ' lacuna '. There may be some links which are weak, holding one cellulose 
molecule to the others. The structure of individual cells in turn consists of several 
concentric layers, identified as the primary wall, the outer secondary wall Sz, the 
middle secondary wall S~ and the inner secondary wall $3; all three walls are 
fibrillar in nature, vary in thickness and differ in composition and orientation of 
cellulosic microfibrils. The primary cell wall, which is thin and basically cellulosic, 
becomes lignified on growth (forming a non-crystalline region). The fibrils of this 
wall are oriented at random. The middle lameUa is the cement that holds the 
individual cells together to form the tissues and accordingly, it is found between 
the primary cell walls of neighbouring cells. Secondary cell walls which develop on 
the inner surface of  the primary wall, in contrast to primary cell walls, are thick 
sheaths, long, anisotropic and pointed at the ends. Due to the sliding of the cell 
walls, these wails can become interlocked in a dovetail fashion thereby adding to 
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Figare 3. Schematic diagram of a cell indicating the primaryand secondary walls 
and th© lumen. 



424 K G Satyanarayana, A G Kulkarni and P K Rohatgi 

the elongation and strength of the fibres. The secondary walls are mainly cellulosic 
in nature (form a crystalline region). But on maturity, some of these become 
liguin (forming a non-crystalline region). The secondary wall thus consists of a 
crystaUised region of cellulosic fibrils (they are also called microfibrils) which are 
small crystallites separated by non-crystalline regions. The microfibrils which are 
contained in the layer $2 (this in turn constitutes a longer part of the cell wall 
material) form a constant angle with the fibre axis so that crystallites are arranged 
in a spiral. The pitch of the spiral varies in different fibres and hence the spiral 
angle or microfibril angle also varies from fibre to fibre as well as from cell to cell 
in any given fibre. Figure 4 (plate 3) shows a typical helical arrangement of fibrils. 
Then, there is a central cavity in the cell called ' l umen '  which constitutes a 
reasonable fraction of the fibre cross-sectional area based on the external dimension 
of the fibre. 

Based on the above cell structure a fringed fibril structure as shown in figure 5 
has been proposed (Mongrief 1959), according to which the crystalline regions, 
which are long, imperfect crystals with about 100 molecules in their cross-sections, 
are embedded in non-crystalline regions. Crystalline and non-crystalline regions 
are not uniformly spread in the whole of the fibre. 

When such a fibre is pulled in tension, it has been shown theoretically (Hearle 
1943) that the fibrils, and the non-crystalline regions between them, may elongate 
and/or the fibrils may act like springs with bending and twisting accompanied by a 
reduction in the volume of fibrils, in the interfibrillar matrix of the non-crystalline 
region. Then, at first an increase in the length of fibrils takes place at constant 
volume (figure 6), and subsequently at constant fibril length, extension of fibre 
occurs with a reduction in volume (Hearle 1964). These factors seem to be pre- 
dominant and are possible mechanisms which determine the modulus, depending 
on the angle of the fibrils. It has been reported here that the modulus of the coir 
fibre having a microfibril angle of 45 ° is of the order of 889.8 MN/m 2 (90.9 
kg/mmZ). 

It has been observed that when an individual cell of any plant fibre is detached 
from its surroundings and pulled in tension upto 15-20 ~o total elongation, the cell 
walls can buckle into lumen (Hearle 1964; Brinson 1973; Jeronimides 1976) 

Figure 5. Fringed fibril structure. 
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a) 

Figm-e 6. Schematic diagram of a fibre indicating constant 
volume of the fibre during deformation. 

(figure 7). Considering that in the cell walls, the microfibrils are dispersed pre- 
ponderantly in a helical manner (Cowdrey & Preston 1966) it has been pointed 
out (Page et al 1971) that under tension, lateral separation of many of the cell 
walls may cause the cell wall to buckle and allow the cells themselves to elongate 
resulting in a large tensile strain of 15--20Yo before breaking. However, in the 
case of coir, whether these cells are bonded to each other and whether they deform 
individually after delamination has not been determined. 

Recently it has been reported (McLaughlin & Tait 1980) that an inverse relation- 
ship exists between the microfibril angle and the strength and modulus of plant 
fibres i.e., with increasing microfibril angle, the tensile strength and modulus 
decrease while the fracture strain increases. On the other hand, with the increase 
of cellulose content both modulus and strength seem to increase. However, the 
actual data points show considerable scatter in comparison to the proposed 
relationship (figures 8-10). 

Figure 7. Schematic diagram of a spirally wound tube which according 
to theory twists and buckles, under axial tensile load. (Reprinted from 
Page et a11971). 

From the foregoing, it becomes evident that the scientific study of the physical 
and mechanical properties of coir fibre relating to variation in the size and strain 
rates of fibres and sensitivity of the testing machine used is very limited. Also, 
there has been no attempt to explain, in any of these studies the observations 
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about the tensile strength, modulus and ~o elongation or the fracture mode in the 
fibre. However, there have been some attempts to understand strength properties 
modulus and % elongation relating to cellulose content and microfibrillar angle 
through work on other plant fibres. But the relationship between the gross-defor- 
mation behaviour of coir fibres and the deformation of cellulosic crystals wound 
in a helical fashion around the cell has not been established. 

3. Recent work at RRL (Trlvaudrum) 

Recently a systematic study was initiated at RRL, Trivandrum (Kulkarni et al in press) 
to fill some of these gaps in the study of coir fibres. In this study, both retted and 
unretted fibres were collected from a single locality (Kovalam near Trivandrum). 
The fibres (before they were subjected to any testing) were thoroughly cleaned with 
water, dried (to remove any pithy material adhering to the fibre) and conditioned at 
relative humidity 65 % and 25°C, for 2 days. Since the fibre strength and ~o elonga- 
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Figure 10. Plot of  mean fracture strain versus average microfibril angle. 

tion data calculated from a large number of single fibre tests showed considerable 
scatter, a statistical analysis was adopted and control charts were used. It was 
found that a large number of (at least 120) samples needed to be tested for any 
meaningful results. Fibres of different diameter and different gauge lengths were 
tested at various strain rates. An INSTKON testing machine (with a sensitivity as 
high as 1 Yo) was used to evaluate ultimate tensile strength, modulus and ~o elongation. 

An x-ray study (initiated in collaboration with NAL Bangalore) was carried out on 
the fibres of different diameters and it was seen that the microfibriUar angle increased 
from 41 ° to 47 ° when fibre diameter increased from I50 ~m to 350 ~m (Kalyani 
Vijayan, private communication). An optical microscopic study was carried out to 
understand the structure of coir fibres and to relate the structure to the observed pro- 
perties; it showed that both the number of cells as well as the average ceU diameter 
increased with fibre diameter. 

Figure 11 shows a typical stress-strain curve obtained for a coir fibre of diameter 
200/~m, gauge length of 5 cm at a strain rate of 2 cm/min. The curve indicates that 
the coir fibre is hard and tough. This type of stress-strain correlation for coir fibre 
has been determined for the first time. 

Initial modulus, ultimate tensile strength and % elongation of coir fibres of dia- 
meter 100-450 ~m were found to be in the range of 3.%5"8 GN/m 2, 106-175 MN/m 2 
and 17"8-47.3 Yo respectively. The modulus, strength and % elongation values of coir 
fibre were found to be quite similar in retted and in unretted fibres. No appreciable 
changes in strength and % elongation at break wore observed with strain rates 
varying from 0.2x10 -2 m/s to 30 x 10-2m/s. The modulus seems to decrease 
with increase in the diameter of the fibre while the strength seems to increase upto a 
fibre diameter of 200 vm, after which it becomes practically constant. 
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Figure 11. 
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The observed modulus and % elongation at break have been found to be related 
to the microfibrillar angle in the case of coir fibre. The following regression equation 
between the ~o elongation (e) and the microfibriIlar angle (0) in degree gives a 
correlation co-efficient of 0.974 

02/60 + 1-24 = E. 

Both the strength and the ~o elongation decreased with an increase in gauge length 
from 0.001 m to 0.065 m the fibres tested. Thus, the strength of coir fibres does not 
seem to depend on the microfibriUar angle. Indeed it appears to depend on other 
factors like the number of cells (upto a fibre diameter of 200/~m) and defects. The 
number of cells and the average size of the cell increase with the diameter of  the fibre, 
indicating that the strength of the fibre is not singularly related singly to either the 
number of cells or the cel~ diameter throughout the entire range. Since the strength 
increases upto a fibre diameter of 200/~m and the number of cells and the average 
size of cells as well as the number of defects also increase with fibre diameter, the 
increase in strength upto 200/~m may be attributed mainly to increase in the number 
of cells. Apparently, at fibre diameter above 200/~m, the increase in the microfibril- 
lar angle and other changes in chemical composition compensate for the effect of  the 
increase in the number and average size of cells, resulting in strength values which 
are practically the same. Since the propensity of defects increases with the length of  
the fibre, the observed increase in strength and ~o elongation of the fibres with 
increase in gauge length is understandable. 

The large scatter in strength values was evaluated statistically using two parametric 
Weibull analyses and it was found that the strength distribution at any length or any 
diameter corresponds to a unimodal Weibull distribution of flaws in the fibre. 

Fractographic studies of coir fibre made with a scanning electron microscope 
showed an evidence of necking away from the fracture area, indicating that the bundle 
of cells can be extended accompanied by a decrease in the cross-sectional area of  
individual cells without any decohesion between neighbouring.cells. The observed 
high elongation and the large work of fracture (105 -- 10 a J/m z) suggests that the 
individual cells were able to deform independently even though there was no 
decohesion. However, the fracture surface showed (figure 12, plate 4) decohesion 
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of cell walls and their collapse, presumably triggered off just prior to fracture by the 
defects which control the ultimate strength and elongation, as discussed in the 
previous paragraph. 

However, though modulus values measured at RRL (Trivandrum) were found to 
be comparable to those measured by Kaswell (1953), the modulus value of the cellu- 
lose back calculated from those values of the fibre modulus were found to be much 
lower (7 GN/m ~) as compared to the theoretical value of 56 GN/m ~ for plant fibres 
reported elsewhere (McLaughlin & Tait 1980). This may be due to the fact that the 
initial deformation of the fibres may not be the result of only the uncoiling of cellu- 
lose chains. However, the scatter band of modulus, strength and ~o elongation was 
still found to be wider than the scatter band predicted by variation in microfibrillar 
angle or cellulose content. The observed scatter band may also be due to various 
other factors like chemical composition, size and number of cells, size of lumen, 
lacuna and other defects. This suggests that more refined models should be developed 
relating the observed mechanical properties to the parameters mentioned above. The 
effect of different structural and environmental variables on the sequence of micro- 
scopic events should also be determined. Some attempts are now being made at RRL 
(Trivandrum) in these directions through analysis of data available for most of the 
natural fibres. In addition, other parameters like variation of microfibrillar angle 
within a cell and between different cells of the same fibre, between different fibres of 
the same species and between fibres of different species, should also be taken into 
account. A more detailed classification of defects in coir is necessary; it is also 
necessary to determine how these defects lead to fracture. We also need to 
observe how the different structural components of the fibre deform over a large 
range of stress values and to determine how various factors influence the sequ= 
ence of microscopic events, including crack growth, which eventually leads to the 
failure of these fibres. There are reports (Page et al 1971) that the strength of single 
fibres could be determined by using a micro-tensometer. This instrument has thrown 
light on the deformation of individual cells under tension. However, such a study has 
not been done for coir. The above studies on coir would also help to determine 
micro-manipulation procedures including surface modifications, which could 
improve the properties of these fibres so that they can be used as reinforcements. 
Such micro-manipulations could include (a) thermal, mechanical and chemical 
treatments and prestretching of fibres to change the microfibriUar angle; (b) applying 
transverse and compressive stresses to change the shape of the fibres to ribbons 
and thus to increase the modulus; (c) removing the surface layer of the fibres by 
sodium sulphate or other chemical treatments or by abrasion to increase the bonding 
between the fibres (d) filling the fibres with polymer and in situ polymerizing by 
heat or radiation and (e) coating fibres with agents like copper to increase their 
strength. 

Some attempts have already been made at RRL (Trivandrum) to modify the surface 
of coir fibre through coatings of copper (Pavithran et al 1981) or phenolic resin or 
by surface abrasion to overcome the lack of bonding between the coir and the poly- 
mers required for the preparation of fibre reinforced products. 

Copper-coated fibres showed increased conductivity and enhanced flame retard- 
ency over uncoated fibres. Composites prepared using coated fibres have shown 
improved tensile and flexural strengths over those using uncoated fibres (Pavithran 
et al 1981). Preliminary electrical conductivity measurements of polyester/copper- 
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coated coir fibre composites have shown that these composites may possibly find 
applications in electromagnetic interference shielding. 

4. Conclusion 

In earlier work, the strength of  single coir fibres was evaluated using fibre strength 
testers without any reference to the gauge length or the strain rate. No attempt was 
made to explain the observed variations in strength due to retting or chemical treat- 
ments in terms of the structure of  coir fibre. The work carried out at R R L  (Trivandrum) 
has established the strength, modulus and ~o elongation values of  coir fibres as func- 
tions of  retting, fibre diameter, gauge lengths and strain rates, and has tried to relate 
these properties to structural parameters. Stress-strain corrections have been deter- 
mined for the first time. The modulus of  coir fibre is found to be related to the micro- 
fibrillar angle. The strength and % elongation of coir fibres are found to decrease 
with increase in gauge length and on the basis of  Weibull analyses, this behaviour 
is attributed to defects. Optical and scanning electron microscopic studies have 
revealed that no delamination occurs between the cells during deformation until very 
close to fracture, which is accompanied by delamination between cells and tearing 
of  the cell walls. I t  is concluded that the existing deformation models for plant fibres 
do not explain the low observed modulus values and the large scatter in the strength 
and ~. elongation values of eoir fibre. More refined models should be developed to 
relate the observed mechanical properties to various parameters like number and size 
of  cells, size of  lumen and lacuna, chemical composition and defects to explain the 
large scatter. Micro-manipulations including surface modifications through coat- 
ing, and mechanical or chemical treatments, have been suggested to improve the 
properties of  these fibres so that they can be used as reinforcements. 

The authors acknowledge with thanks permission received from M/s Chapman & 
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Plate 1 

T a 

Figure l(a). Transverse cross-section of a coir fibre showing the distribution of cells 
and central irregular shaped lacuna. (b) Longitudinal section of the coir fibre reveal- 
ing the arrangement of cells and the shape and size of the cells. Each cell is separated 
from the others by a waxy material called cuticle (white strips). (c) Longitudinal 
section of the fibre showing the central irregular-shaped lacuna running through the 
fibre. 
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Plate 2 

J 

Figure 2. A cell showing stegmata cells (reprinted by permission from Sengupta 
et al 1949). 
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Plate 3 

435 

Figure 4. Schematic view of the helical arrangement of fibres in a natural cellulose 
fibre. (Reprinted from Hearle 1964). 
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Plate 4 

Figure 12. Fractograph of the coir fibre showing pull out of the cells and collapse 
of the cell walls. 




