
3 CHAPTER THREE - Results and Discussion 

3.1 Physical Properties of Coir Fibre 
A fibre is defined as a unit of matter characterized by flexibility, fineness and a high 

ratio of length to diameter. In addition to these characteristics it may be added that, for 

it to be of any use for textile purposes, sufficiently high temperature stability and a 

certain minimum strength and extensibility is required [38 & 39]. 

The mechanical properties of fibres are the most important technical properties, which 

contribute both to the behaviour of fibres in processing and to the properties of the 

final product. The properties of a yarn or a fabric depend on a complex interrelation 

between fibre arrangement and fibre properties. Therefore, a wide knowledge of fibre 

properties is essential to understand the properties of yarn and fabrics, but this 

knowledge alone is not always sufficient [38]. 

Therefore, testing coir fibres will give information about the properties of the coir in 

its most natural form before it is converted into yarn or fabric. The disadvantage is the 

great variability in coir fibres, which necessitates a large number of samples to obtain 

a statistically valid result. During this research study physical properties of coir fibres 

were investigated to determine its utility in coir-geotextile applications. 

3.1.1 Length and Fineness of Coir Fibres 

3.1.1.1 Length 

Length is one of the most important properties of textile fibres, which determines its 

spinnability and commercial utility. Spinnability may be defined as the ease with 

which fibres may be twisted into continuous, uniform yarns, having commercially 

acceptable properties [40]. Fibrous materials must have sufficient length so that they 

can be made into twisted yarns. 

24 



3.1.1.2 Fineness 

The fineness is one of the factors, which determine the finest count of yarn that can be 

spun; it affects the stiffness and lustre of the yarn. The inverse of the fibre weight per 

unit length has been used, as a measure of fineness, for it is much easier to weigh a 

given length of fibre than to measure its diameter at many points and find the average. 

The tex, i.e., the weight in grams of 1,000 meters of the fibre was chosen as the 

general unit for expressing fineness [41 & 42]. 

The two varieties of coir fibres available in Kurunegala District (brown and white 

coir) were sampled according to section 2.2.1. The length, mass and diameter were 

measured in a 2g testing sample of each fibre type collected from each of the four 

mills. Average length, mass and diameter of the brown and white coir fibres calculated 

for each of the samples obtained from the four different fibre mills are given in table 

3.1. 

Table 3.1: Dimensional Properties & Mass of Coir Fibres 

Fibre 

Type 

Length Mass Diameter Fibre 

Type lllllll cv % cv% (tnm) cv % 

Brown 

21.43 13 17.46 42 0.289 38 

Brown 
20.97 11 18.40 39 0.316 27 

Brown 
22.28 13 18.45 49 0.317 34 

Brown 

21.64 12 17.53 37 0.303 32 

Average !!•!!§! 12 lllillll 42 0.306 33 

White 

21.40 13 11.01 64 0.280 31 

White 
22.10 13 11.38 49 0.280 22 

White 
21.44 12 13.40 50 0.271 37 

White 

22.00 14 15.55 39 0.279 34 

Average • • III 13 iiiiiiiii 50 llliiill 31 
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Figure 3.1: Variations in Length, Mass and Diameter of between Coir Fibres 

According to the tested samples it is seen that average length of brown coir fibre tends 

to be around 21.58cm and with a standard deviation of 2.71cm. Average length of 

white coir fibre is found to be 21.74cm with a standard deviation of 2.84cm. 

Coefficient of variation of brown and white coir fibre is 12% and 13 % respectively. 

This variation may be due to their physical, structural nature, and biological origin as 

is common with most natural cellulose fibres [26]. 

Average mass of the brown coir is 17.96g while that of white coir fibre is 12.84g. 

Coefficient of variation of mass of both coir fibres is above 40%. This may be due to 

pith adhering to the fibre, which has not been removed completely during the 

extraction processes and the inherent unevenness and branching in some cases. 

Average diameters of brown and white coir fibres are 0.306mm and 0.278mm 

respectively, which are very much higher than that of common natural cellulose textile 

fibres [19 & 22] as given in table 3.2. 
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Table 3.2: Diameter of cellulose Fibres 

Fibre Diameter (urn) 

Brown Coir 200-410 

White Coir 190-370 

Banana 80-250 

Sisal 50-200 

Pineapple 20-80 

Cotton 12-38 

Hemp 10-50 

Jute 10-25 

Flax 5-38 

At 95% confidence limits there is no significant variation in diameter and mass 

between the samples from the four different fibre mills and this was observed in both 

types of fibres. But at 95% confidence level, mass and diameter show significant 

variation between brown and white coir fibres. 

Linear densities of brown and white coir fibres were calculated from the average 

length and mass values and are 82tex and 60tex respectively. In the samples tested it 

indicated that white coir fibre is finer than brown coir fibre. This further suggests that 

for a given yarn count a more uniform yarn will result if it is made with white coir 

fibres. Similarly white coir fibres can be spun to achieve finer yarn counts. This 

clearly shows that in terms of yarn, fineness white fibre is superior than brown fibres. 

The white coir fibre can be used to relatively lighter fabric than brown fibres without 

any loss of tensile properties. These superior qualities of white fibre could be used in 

exploring new applications where a lighter fabric is required. 

3.1.1.3 Length to Diameter Ratio 

There must be a sufficient length to diameter ratio in fibres for them to be spun into a 

yarn and the minimum requirement of that ratio to be useful as a textile fibre is 100 

[42]. In brown coir fibre, length to diameter ratio calculated from the average length 

and diameter values is 784 and that of white coir fibre is 859. This means both coir 

fibre types have acceptable ratio of length to diameter. 
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3.1.2 Strength of Coir Fibre 

Strength, which is a measure of the steady force necessary to break a fibre and is given 

experimentally by the maximum load developed in a tensile test before the fibre 

breaks. For an individual fibre, the breaking load gives the strength. For comparison 

purposes of different fibres, the value of the specific stress at break is used. This 

measure in a fibre is called the tenacity of the fibre. When comparing strengths on the 

basis of area of cross-section, the stress at break is termed as the ultimate tensile stress 

[38]. The following are the definitions; 

Specific Stress or Tenacity -
Load 

Mass/Unit Length 
Equation: 3.1 

Stress or Ultimate Tensile Stress 
Load 

Area of Cross - Section 
Equation: 3.2 

The average strength and coefficient of variation calculated from the measurements of 

breaking strength is explained in section 2.3.1 are given in table 3.3. 

Table 3.3: Strength and CV% of Coir Fibres 

Fibre 

Type 

Strength Fibre 

Type (N) € V % 

Brown 

5.055 61 

Brown 

4.631 56 

Brown 5.286 66 Brown 

5.609 54 

Brown 

llllllllllllll 59 

White 

5.795 59 

White 

6.194 47 

White 5.688 51 White 

5.746 56 

White 

§|§§||||§j|| 53 
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The average strength of white coir fibre is 5.856N and that of brown coir fibre is 

5.145N. 
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Figure 3.2: Strength Variation of Coir Fibres 

According to statistical calculation at 95% confidence level there is a significant 

variation between strengths of brown and white coir fibres. These results show that 

unretted white coir fibre has a higher strength than retted brown coir fibre. The CV% 

obtained for both coir fibres is higher than 50% and this type of higher percentage 

coefficient variation in strength is common to natural fibres and that of cotton fibre is 

50 [38]. 

Using equations number 3.1 and 3.2 tenacity and ultimate tensile strength were 

calculated for coir fibres using the measured average strength values. Tenacity of 

brown coir fibre is 0.067N/tex and ultimate tensile strength is 86MN/m2, while that of 

white coir fibre are 0.118N/tex and 112MN/m2 respectively. This means higher values 

in tenacity and ultimate tensile strength are observed for white coir fibre. It was 

already seen that white coir fibre is finer than brown coir fibre. That means finer white 

coir fibre is much stronger than coarser brown coir fibre. Similarly, cotton fibre shows 

a higher tenacity in finer cotton than in coarser cotton [38]. Therefore high strength 

textile materials such as rope and geotextiles can be produced from white coir fibres. 

Normally white fibre is more expensive than brown fibre [40], but when the need for 

high strength becomes important, white fibre can be used instead of brown fibre. The 

argument also can be extended to say that it is possible to have fibre ropes or cables 

produced with white fibre that gives the same strength as a relatively coarser rope 
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made out of brown fibres. The requirement coir depends on the application and cost 

benefits. 

3.1.3 Initial Modulus of Coir Fibre 

Initial modulus is defined as a measure of the resistance to extension within the 

Hookean region. 

Figure 3.3: Stress-Strain Curve of Coir Fibre 

The stress-strain curves for both types of coir fibres show a similar relationship as 

shown in figure 3.3, which has a proportional relationship between the stress and the 

strain in the initial stage. The ratio of stress to strain of this part of the curve is called 

the initial modulus (tan a) [38], 

Using stress-strain curve the initial modulus of coir fibres were calculated. The 

calculated initial modulii of brown and white coir fibre are 1.818N/tex and 2.187N/tex 

respectively. Similar to the strength variation, the initial modulus of finer white coir 

fibre shows a higher value than that of coarser brown coir fibre as expected. 

3.1.4 Breaking Elongation of Coir Fibre 

The breaking extension, which measures the elongation before a fibre breaks, is an 

important and a useful quantity in a fibre. It can be expressed as the actual, fractional, 

or percentage increases in length and is termed the breaking extension [38]. This 

property is important in assessing the integrity of a fibre to be used in an application. 
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Table 3.4 shows the average elongation percentage and coefficient of variation values, 

calculated from the measurements for elongation in strength testing sample explained 

in section 2.3.1. 

Table 3.4: Elongation (%) and CV% of Coir Fibres 

Fibre 

Type 

Elongation Fibre 

Type (%> cv% 

Brown 

16.05 59 

Brown 

15.62 51 

Brown 18.05 47 Brown 

17.53 53 

Brown 

UM 52 

White 

16.76 52 

White 

18.03 49 

White 17.90 51 White 

17.24 51 

White 

51 

Elongation at break of brown coir fibre in the experiment is 16.81% and that of white 

coir fibre is 17.48%. 
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Figure 3.4: Elongation Variation of Coir Fibres 

There is no significant difference of elongation at break between the brown and white 

coir fibres at 95% confidence level. This means breaking extension of both coir fibres 
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ranged from 9 to 26%. This type of higher elongation percentage of coir, comparative 

to other natural fibres [38], is a useful characteristic when used in geotextiles 

applications where repeated tension, bending and relaxation are involved. 

3.1.5 Moisture Regain of Coir Fibre 

Moisture plays an important role in the use of fibres in textile and other industries. 

Cellulose fibres tend to absorb moisture when in contact with the atmosphere. The 

amount of water absorbed by the textile fibre will depend on the chemical-physical 

structure and properties of the fibre, as well as on the temperature and humidity of 

surroundings. In some plant fibres the degree of crystallinity diminishes with increase 

of moisture absorption, while crystalline orientation improves [16]. The percentage 

absorption of water vapor by a fibre is often expressed as its moisture regain as given 

in equation 3.3. 

_ (Mass of conditioned specimen-Mass of dried specimen) 
Moisture Re gain = - - - - - - x 100% 

Mass of dried specimen 
- Equation: 3.3 

Using the above equation moisture regain values of coir fibres were calculated and the 

calculated average moisture regain values are given in table 3.5. 

Table 3.5: Moisture Regain of Coir Fibre (at 65%RH & 27°C) 

Fibre Moisture Regain (%) 

Brown coir fibre 10.25 

White coir fibre 9.05 

Non-crystalline region of the fibre is more receptive for moisture absorption [16]. 

Therefore, brown coir fibre must be more non-crystalline when compared to white 

coir fibre as seen in table 3.5. According to the literature, fibres, which are more 

crystalline in nature, show high strength [38]. That means more crystalline white coir 

fibres must be stronger than the less crystalline brown coir fibres. On the other hand 

tensile properties of the two fibre types showed significant strength variation between 

them i.e., moisture regain values explains the strength variation observed in the two 

types of coir fibres. On the other hand, this type of percentage water absorbency is a 

32 



favourable factor when coir is used as geotextiles for soil erosion. The water absorbent 

nature of coir is advantageous in the acceleration of re-vegetation when it is used to 

control soil erosion. 

3.1.6 Relationship between Fibre Length and Tensile Properties 

It was attempted to establish relationships between the tensile properties and fibre 

length of coir fibre, measurements of the fibre length, mass, diameter, elongation and 

strength were obtained from the same fibre. 

0.3 -j 

? 0 . 2 -

i 
f o . i 4 

• •• : 

o.o 
18 19 20 21 22 23 24 

Length (cm) 
25 26 27 28 

Figure 3.5: Tenacity vs Length (Brown Fibre) 
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Figure 3.10: Diameter vs Length (White Fibre) 

The results of experiments carried out on the samples of coir obtained, shows that 

tenacity and breaking elongation tends to increase with increasing length of the brown 

coir fibre. In white coir fibre that type of variation was not significant. On the other 

hand the results do not show a clear relationship/variation between the length and 

diameter of the two types of coir fibres. But it was observed that white fibres are finer 

than brown fibres on an average. 

Similar type of relationship is observed in cotton i.e., tenacity and breaking extension 

increased with increasing length of fibre [38]. 
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3.2 Behaviour of Coir Fibre in Different Environments 

3.2.1 Comparison of Wet and Conditioned State Tensile Properties 

In common with all other cellulose fibres, coir fibre too has a relatively high 

proportion of polar groups. Due to the presence of these polar groups coir has a high 

affinity to water, which is demonstrated, by its moisture regain value in section 3.1.5. 

In any geotechnical application the fibre comes into contact with moisture/water, 

therefore, the properties of the coir fibre under wet environments should be studied 

and known. Therefore, wet tensile properties of coir fibres were investigated. These 

results were compared with those obtained in the conditioned state and are given in 

table 3.6. 

Table 3.6: Tensile Properties under Standard and Wet States 

Fibre Conditioned State 

Strength 

(N) 

Conditioned State 

Elongation 

(%) 

Wet Strength 

(N) 

Wet Elongation 

(%) 

Brown 5.145 16.11 5.588 18.26 

White 5.856 17.53 6.006 22.10 
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Figure 3.11: Comparison between Conditioned and Wet state Tensile 

Properties 

As shown in table 3.6 and figure 3.11, wet strength and wet elongation are higher than 

those in the conditioned state in both types of coir fibres. This type of variation is 

common to all cellulose fibres [38]. When the fibres are wet, the absorbed water is 
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supposed to act as an internal lubricant. Because of this property there is a temporary 

alignment of polymer chains in the amorphous region leading to an increase in the 

number of H-bonds [16]. Similar to other cellulose fibres, coir fibre also tends to have 

a higher wet strength compared to the strength in the conditioned state or dry state. 

Therefore, this is a favourable property in the use of coir fibre for geotechnical 

applications in erosion control. 

3.2.2 Tensile Properties of Coir Fibre in Seawater 

Behaviour of coir fibre in seawater was studied to find out its suitability to be used in 

sea erosion applications. Table 3.7 gives the average strength values of coir fibres 

after immersion in seawater for 24 hours at room temperature as explained in section 

2.3.3. 

Table 3.7: Tensile Properties under Standard State and in Seawater (pH=8) 

Fibre Conditioned 

State Strength 

(N» 

Conditioned 

State Elongation 

(%) 

Fn Seawater 

Strength 

(N) 

In Seawater 

Elongation 

(%) 

Brown 5.145 16.11 5.397 18.17 

White 5.856 17.53 5.808 17.37 

Figure 3.12: Comparison between Conditioned State and in Seawater Tensile 

Properties 



As shown in figure 3.12 there is no significant loss of strength and elongation of coir 

fibre between the tensile properties in conditioned state and in seawater (after 24 hours 

immersion). Therefore coir fibre is able to retain its tensile properties in situations 

where it is exposed to seawater for 24 hours. This indicated that further experiment 

should be carried out and the same experiment was continued for a longer period of 

time. These results are given in section 3.4.1.4. 

3.2.3 Behaviour of Coir Fibre under Different pH Conditions 

Geotextiles come into contact with different soil environments depending on the 

composition of the soil surrounding them. These different soil conditions result in 

varying pH values in the soil (as given in table 3.8 [11]). Therefore, it was decided to 

investigate tensile properties of the coir fibre in relation to the pH values. 

Table 3.8: Some Typical Minerals and Fills and their Maximum pH Values in 

Soil 

Minerals and fills Maximum 

PH 

Felspar 

Anorthite 8 

Orthoclase 8-9 

Sand 

Quartz 7 

Muscovite 7-8 

Clay 

Kaolinite 5-7 

Carbonate 

Calcite 8-9 

As explained in section 2.3.4, a series of pH solutions were prepared and the tensile 

properties of coir fibres were investigated after immersing for 24 hours at ambient 

temperature. Results were given in table 3.9. Using these values, the variation of 

tenacity with pH values were plotted as given in figure 3.13. 
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Table 3.9: Influence of pH on Coir Fibre at Ambient Temperature 

Fibre 

Type 

Wet 

State 

(Control) 

imi i i pH=6 pH=7 pH=8 pH=9 

T
en

ac
ity

 

(N
/te

x)
 Brown 0.068 0.058 0.062 0.069 0.065 0.062 

T
en

ac
ity

 

(N
/te

x)
 

White 0.100 0.090 0.099 0.110 0.100 0.094 

E
lo

ng
at

io
n 

(%
) 

Brown 18.26 19.20 18.89 19.65 18.43 18.75 

E
lo

ng
at

io
n 

(%
) 

White 22.10 18.46 19.22 20.29 19.09 21.38 

0.05 -I 1 1 1 1 1 i 

4 5 6 7 8 9 10 
PH 

Figure 3.13: Variation of Tenacity with pH of Brown and White Coir Fibres 

During the 24 hours period no great loss of tenacity and elongation at break were 

noticed in the range of pH 5-9 i.e., the influence of the pH on coir degradation within 

the limits of experiment seems to be very small. Therefore coir geotextiles may be 

resistant to sudden pH variations in the environment due to acid rains and other 

environmental impacts. But for these results to be of value in promoting pH resistant 

geotextile material for extreme pH variations, the pH stability should be further 

investigated for longer periods. The results obtained for such prolonged pH stability 

studies are discussed in section 3.4.1 under durability. 
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3.2.4 Behaviour of Coir Fibre in NaOH 

Cotton and jute fibres show an increase in strength after alkali treatment and hence the 

effect of alkali on coir fibres was studied. Tensile strength of coir fibres were 

measured after treatment in different NaOH concentrations at 25°C for different time 

periods. These results are shown in table 3.10. 

Table 3.10: Behavior of Coir Fibre under NaOH at 25°C 

Fibr 

lllllll 
Type 

Conditioned 

State 

(Control) 

Time 

(min) 10%NaOH lS%NaOH 25%NaOH 

Fibr 

lllllll 
Type 

ilUlS 
IPIIlil 
• ••::§::::••-life::: 
I p l l H 

| 

© 

Time 

(min) 

i t i l t i i i l 

2 | 

e © 

S 
WW 

td 

l l l t l i l l 

i i l l l l i 
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O A ^ 

a w 
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(N
/te

x)
 § 

0 w 
© 

s 

B
ro

w
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0.067 16.11 

15 0.070 18.64 0.050 17.42 0.062 15.54 

B
ro

w
n 

0.067 16.11 30 0.076 19.78 0.065 18.04 0.059 17.10 

B
ro

w
n 

0.067 16.11 

45 0.053 18.04 0.046 16.65 0.048 15.23 

W
hi

te
 

0.118 17.53 

15 0.086 19.12 0.080 18.44 0.093 19.20 

W
hi

te
 

0.118 17.53 30 0.096 19.91 0.099 20.22 0.103 20.79 

W
hi

te
 

0.118 17.53 

45 0.077 17.03 0.075 17.39 0.067 15.62 
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Figure 3.14: Strength of NaOH Treated coir fibres (a) Brown (b) White at 

25°C 
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The alkali treatment changed the colour of both types of coir fibres from pale to a dark 

colour. It was observed that alkali imparts crimp in the fibre i.e., fibres were curled 

after the treatment. The NaOH solution turned dark brown. This indicate that 

compounds in the fibre turned to a dark colour in alkali medium and that some of 

them which were soluble in aqueous medium may have given the solution a darker 

colour. 

Both types of coir fibres attained the maximum strength in all three concentrations of 

NaOH after 30min period. Brown coir fibre treated with 10% NaOH achieved a 

maximum strength gain of 21% whereas, white coir fibre treated with 25% NaOH 

showed a maximum of 5% gain. 

3.3 Interrelations between the Structure and Properties of Fibre and 

Yarn 

Yarns form an important intermediate product in many methods of textile production. 

They may be defined as long, fine structures capable of being assembled or interlaced 

into such textile products as woven and knitted fabric, ropes and cords [44]. Despite 

the growing use of several forms of non-woven fabrics directly assembled from fibres, 

fabrics composed of interlaced yarns will remain of predominant importance for many 

years. The study of yarns is thus a necessary part in understanding the properties of 

textiles. The interrelations between the structure and properties of fibres, yarns and 

fabrics can be illustrated as in figure 3.15. 
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Figure 3.15: Interrelations of Fibre, Yarn and Fabric Structure and 

Properties 

3.3.1 Theoretical Analysis of Idealized Staple Fibre Yarn Model 

Idealized staple fibre yarn model (as given in equation 3.4) developed by Hearle, [44], 

was used to find out theoretical yarn moduli of coir yarns. The study was undertaken 

to investigate initial modulus of coir-yarn, since coir yarn is an intermediate of coir-

geotextiles the established initial modulus will be useful in studying and designing of 

coir-geotextiles. 

1 — 
ayWlJ2(\ + 4nvfflT2\0-5) 

Yarn Initial Modulus 
Fibre Initial Modulus 

3L, 

i'/2 

4r(4l-(l + 4w/̂ "Vl(r5)" 1/2 

\ + 4m>ff1r2\0 

1/2 

-Equation: 3.4 

Parameters used in equation 3.4 are given in table 3.11. 
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Table 3.11: Fibre and Yarn Parameters 

Fibre Characteristics Yarn Characteristics 

E> = Initial Modulus (N/tex) 

Lf = Length (cm) 

fj, = Coefficient of friction 

vf = Specific volume (cm3g'') 

a = Radius (cm) 

Ey = Initial Modulus (N/tex) 

x = Twist factor (tex turn/cm) 

Y - Migration ratio 

Wy = Yarn count (tex) 

<f> = Packing fraction = volume of fibre/ 

volume of yarn 

Theoretical equation 3.4 has been developed using the following assumptions [44]; 

i. The yarn is a staple fibre yarn, uniform along its length, with a circular cross 

section, and having uniform specific volume. 

ii. All the fibres are having identical dimensions and properties, for it to be 

perfectly elastic, to follow Hook's law and Amonton's law of friction, and to 

have an axis of symmetry. 

iii. The fibre diameter is much less than the yarn diameter. 

iv. The fibres follow helical paths, varying slowly with the radius of the helix: in 

other words, the migration period is much greater than the length of one turn of 

twist. The helix has the same number of turn per unit length parallel to the yarn 

axis whatever the radius of the helix. The helix axis is identical with the yarn 

axis. The radius of helix increase and decrease regularly between zero and the 

yarn radius. 

v. The discontinuities at the fibre ends are distributed at random through the yarn. 

vi. The strains involved are small. 

vii. Uniform distribution of transverse stress across those parts of the faces of an 

element occupied by the fibre. 

viii. The stresses are equal in all directions at right angles to the fibre axis. 

ix. Shear forces are neglected. 

x. The transverse forces acting on a fibre element as a result of interfibre contacts 

have the same fractional effect as uniform transverse stress acting all round the 

circumference of the element. 
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3.3.2 Application of Theoretical Model to Coir Yarn 

To apply this theoretical model, the measured physical properties of coir fibres in 

section 3.1 were used. Since the coefficients of friction of coir fibres were not 

investigated in section 3.1 it was studied as in section 2.3.7. 

3.3.2.1 Coefficient of Friction of Coir Fibre 

Higher fibre friction, can lead to surface damage, weak fibres and even fibre breakage. 

On the other hand, friction is the key force that holds staple fibre yarns together i.e., 

without friction, yarns cannot be drafted or have strength. Therefore coefficient of 

friction is an important physical property in making the yarn. The coefficient of 

friction (u) can be defined using the equation 3.5 [38]. 

For moving the load up of the plane; 

Angle of inclination of the plane is 30° to the horizontal. Pi tension and Mg weight 

were measured and calculated coefficient of friction [i for each fibre using equation 

As explained in section 2.3.7, coefficients of friction were measured using incline 

plane tester and the results are shown in table 3.12. 

For the equilibrium of the system; 

/>, ={iR+Mgsme-(\) 

From (1) and (2) 

Px = juMg cos0+Mg sin 0 -Equation: 3.5 

3.5. 

Table 3.12: Coefficient of Friction of Fibres 
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Table 3.12: Coefficient of Friction of Fibres 

Type of Fibre Coefficient of Friction Coefficient of Friction 

(from Literature) 

Brown coir 0.60 -

White coir 0.60 -

Jute 0.55 0.46 

Nylon 0.49 0.47 

Coefficients of friction of coir fibres was calculated using equation 3.5 and the value 

obtained for both types of coir fibres was 0.60. The measured coefficients of friction 

for jute and nylon fibres using the same method did not differ from the literature 

values. Therefore, this method seems acceptable to measure the coefficient of friction 

of coir fibres and, the value thus obtained tends to be reliable. 

Measured tensile properties of brown and white coir fibres, which are defined in 

equation 3.4, are given in table 3.13. 

Table 3.13: Tensile Properties of Brown and White Coir Fibres 

Brown Fibre White Fibre 

Ef= 1.818 n/tex Ef= 2.187 N/tex 

Z, /= 21.58 cm Zy= 21.74 cm 

vf- 0.884 c m V v / = 1.028 c m V 

a = 0.0153 cm a= 0.0139 cm 

u = 0.60 u = 0.60 

3.3.2.2 Coir Yarn Tensile Properties 

Tensile properties of brown and white coir yarns were investigated to be applied on 

equation 3.4. Count and twist of the yarns were investigated and the twist factor was 

calculated using the equation 3.6 by using the average values. 

Twist Factor = Twist (Turns per cntimetre)x4tex - Equation: 3.6 
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To calculate the yarn initial modulus, a medium value for packing fraction (</>) was 

assumed to be 0.65 in spun yarns and migration ratio (y) was assumed to be 4 as for 

most of the textile fibres [44]. The values of yarn tensile parameters, which are 

defined in equation 3.4, are given in table 3.14. 

Table 3.14: Measured Tensile Properties of Coir Yarns 

Brown Yarn White Yarn 
, V . V . V . V , V . V . V . i ' . • i V i / V - V V ) M 

T — 46 tex turn/cm 

0^= 3560 tex 

<f> =0.65 

y = 4 

r = 23 tex1/ :Wn/cm 

0^=2742 tex 

<j> =0.65 

Y = 4 

3.3.2.3 Comparison of Theoretical and Measured Yarn modulus 

Yarn modulus of coir fibre was calculated using equation 3.4 and the value for brown 

fibre was found to be 1.313N/tex while that for white fibre was found to be 

1.919N/tex. Measured initial yarn modulus for brown fibre is 0.636N/tex and for 

white fibres 0.799N/tex. 

The theoretical initial modulii are greater than experimental initial modulus and this 

may be because that cumulative effect on the reduction in stresses has not been taken 

into account in the equation and the assumptions made in the equation may deviate 

considerably from the actual situation. The above equation fits to some extent for the 

result of coir yarn obtained and therefore provides a means for calculating a value for 

theoretical initial modulus of coir yarn, which is an important intermediate in the coir 

geotextiles construction. 

3.4 Durability of Biodegradable Geotextiles 
Geotextiles are quite unique amongst textile fabrics in that they must have long 

lifetimes, which are defined in relation to their function within the civil engineering 

structure. The durability of a textile product may be defined in terms of its ability to 

remain as a coherent textile structure and to function effectively in one or more roles 

[8]. 
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All geotextile applications are outdoors. Therefore, many environmental factors 

usually influence the ageing mechanism of them. These environmental factors are 

high temperature, oxygen and ozone, ultraviolet light, moisture and chemical agents. 

Often exposures to multiple factors, such as combination of moisture and heat or 

oxygen and light, can result in accelerated deterioration. Depending on the effect of 

these factors the durability of geotextiles can be categorized into two types. One type 

is based on the chemical degradation including photo- and thermo- oxidation, 

hydrolysis and chemical degradation. The other is based on the biological degradation 

(degradation by microorganisms) [8]. 

The durability of geotextiles strongly depends on material degradation from its nature. 

This is influenced by the inherent properties of fibres, such as their chemical 

composition and structural and physical nature. The practical consequences of 

degradation are discolouration and loss of mechanical properties such as elongation, 

tensile strength, etc. During this research only the effect some of chemicals on 

degradation of coir was investigated. 

3.4.1 Chemical Degradation of Coir Fibre 

As mentioned above, durability of coir-geotextiles strongly depends on degradation of 

coir fibre. Therefore, chemical degradation of coir fibre was determined by testing the 

fibres before and after immersion in the specific chemical environments under 

consideration. The chemical environments tested were distilled water, acidic 

condition, basic condition and seawater and the immersions were done at ambient 

temperature for durations of 1, 2 and 3 months. The results would have been more 

reliable if the durations were extended. 

Tensile properties of brown and white coir fibres before immersing in different 

chemical environments are given in table 3.15. 
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Table 3.15: Tensile Properties of Untreated Coir Fibre 

Fibre Tenacity 

(N/tex) 

Elongation 

(%) 

Brown 0.067 16.81 

White 0.118 17.48 

The loss of tenacity and gain of elongation values of the coir fibres treated in different 

chemical environments were calculated according to equations 3.7 and 3.8 given 

below. 

. „ .... (Treated Tenacity - Untreated Tenacity ) 
Loss of Tenacity (%) = — xlOO 

Untreated Tenacity 

- Equation: 3.7 

„ . „ , ,n/x (Treated Elongation - Untreated Elongation) 
Gain in Elongation (%) = - - - -xlOO 

Untreated Elongation 

- Equation: 3.8 

3.4.1.1 Durability of Coir Fibre in Distilled Water 

Tensile properties of coir fibre after immersing in distilled water (pH=5.89) were 

investigated and the percentage loss of tenacity, percentage gain of elongation and 

mean values of tensile properties, were calculated and are given in table 3.16. 
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Table 3.16: Tensile Properties after Distilled Water Treatment 

Fibre Time Tenacity Loss of Elongation Gain in 

period (N/tex) Tenacity (%) Elongation 

(Months) (%) (%) 

Brown 

1 0.059 12 20.38 21 

Brown 2 0.058 15 20.11 16 Brown 

3 0.056 16 19.84 15 

White 

1 0.085 28 21.82 20 

White 2 0.074 37 20.65 15 White 

3 0.064 46 19.07 9 

Both types of coir fibres show a loss in tenacity with increasing time durations tested. 

After 3 months brown fibre lost 16% of its initial tenacity whereas white coir fibre lost 

46%. This indicates during the testing period under the conditions applied (distilled 

water) white coir fibre show low durability compared to brown coir fibre. 

3.4.1.2 Durability of Coir Fibre under Acidic Condition 

Tensile properties of coir fibre after immersing in NaOH (pH=8) were investigated 

and the results are given in table 3.17. 

Table 3.17: Tensile Properties after HCI Treatment 

Fibre Time Tenacity Loss of Elongation Gain in 

period (N/tex) Tenacity (%) Elongation 

(Months) (%) (%) 

Brown 

1 0.058 14 20.60 23 

Brown 2 0.052 23 20.26 21 Brown 

3 0.047 30 19.18 14 

White 

1 0.083 30 20.26 16 

White 2 0.076 36 21.15 21 White 

3 0.070 41 19.95 14 

As in distilled water both types of coir fibres show lose in strength with time periods 

tested in the acidic medium. After 3 months brown coir fibre lost 30% of its initial 
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tenacity and white coir fibre lost 41% i.e., both types of coir fibres lose in strength in 

acidic condition but the drop in strength in white coir fibre after 3 months is 

significant. 

3.4.1.3 Durability of Coir Fibre under Basic Condition 

To investigate the resistance of coir fibres to alkaline conditions they were immersed 

in NaOH (pH=8) and their tensile properties were measured after 1, 2 and 3 months. 

The results are shown in table 3.18. 

Table 3.18: Tensile Properties after NaOH Treatment 

Fibre Time Tenacity Loss of Elongation Gain in 

period (N/tex) Tenacity (%) Elongation 

(Months) (%) (%) 

Brown 

1 0.055 18 19.42 16 

Brown 2 0.056 16 17.07 2 Brown 

3 0.057 15 19.88 18 

White 

1 0.084 29 20.38 17 

White 2 0.073 38 19.11 9 White 

3 0.070 41 19.61 12 

In alkaline medium brown coir fibre does not lose strength significantly but white coir 

fibre lost 41% of strength after 3 months. That means brown coir fibre is more durable 

in alkaline conditions. 

3.4.1.4 Durability of Coir Fibre in Seawater 

Tensile properties of coir fibre after immersing in seawater (pH=8) were checked and 

the results thus obtained are given in table 3.19. 
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Table 3.19: Tensile Properties after Seawater Treatment 

Fibre Time Tenacity Loss of Elongation Gain of 

period (N/tex) Tenacity (%) Elongation 

(Months) (%) (%) 

Brown 

1 0.056 16 19.67 17 

Brown 2 0.062 7 20.94 25 Brown 

3 0.053 21 17.52 4 

White 

1 0.080 32 22.38 28 

White 2 0.088 25 21.03 20 White 

3 0.074 37 18.86 8 

There was no significant loss in tensile properties seen during the 3 months period 

tested. This would be an advantage of coir geotextiles where it can be used in 

controlling soil erosion near sea beaches. 

3.4.2 Comparison of Durability Tests 

To compare the behaviour of each type of fibre in distilled water, acidic condition, 

basic condition and seawater they were plotted in the same graph against the tested 

time periods. From the durability tests carried out in section 3.4.1 the tenacity values 

were plotted against tested time periods in the same graph for each type of fibre. 

These are shown in figure 3.16. Similarly the elongation at break values against the 

tested time periods is plotted in figure 3.17. 
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(a) (b) 

Figure 3.17: Elongation of Coir Fibres after Treatments (a) Brown (b) White 

According to these figures, white coir fibre immersed in distilled water for 3 months 

loses its strength significantly comparative to the other environmental conditions 

tested. In a similar manner brown coir fibre lose its strength significantly in acidic 

condition compared to the other environments. When the overall condition are 

considered the white fibre seem to degrade faster than the brown fibre while in tensile 

properties alone, white fibres are superior. 

White coir fibre shows higher tenacity compared to that of brown fibre in all 

conditions even after 3 months, although it has a higher degradation rate. Therefore, 

white coir fibre is suitable for coir-geotextiles used for short periods with high 
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strength requirements. Due to higher durability and reasonable strength brown coir fibre 

is more suited for long-term usages. 

3.5 Structural Properties of Coir Fibres 
A significant difference in strength was seen in the two types of coir fibres and further 

investigates this variation, the structural properties of coir fibre were investigated. Cross-

sectional and transverse-sectional view of coir fibre was obtained from scanning electron 

microscopy (SEM) to investigate its internal structure. In both types of coir fibres there 

were no significant visible variation in the photographs of the cross-section and the 

transverse-section obtained from SEM. 

(a) (b) 

Photograph 3.1: SEM Photographs of Coir Fibres (a) Cross-section (b) Transverse-

section 

Multi-cellular structure with central cavity 'lacuna' of coir fibre can be seen clearly in its 

cross-section as in photograph 3.1(a). There is also a central cavity called 'lumen' in each 

cell, which constitutes a reasonable fraction of the fibre cross-sectional area based on the 

external dimension of the fibre. Fringed fibril structure of coir fibre was visible on the 

transverse-section as in photograph 3.1(b). 

3.5.1. Comparison of Tensile Results with SEM of Coir Fibre 

Since there is no difference in the cross-section or transverse-section between the two 

types of coir fibres, their surface morphology were studied using the scanning electron 

micrographs to clarify the strength variation observed. The scanning electron 



micrographs showing the surface morphology of brown and white coir fibres are given 

in photographs 3.2 and 3.3. 

Photograph 3.2: Brown Fibre Surface 

Photograph 3.3: White Fibre Surface 

Compared with the surface of brown coir fibre, the surface of white coir fibre did not 

appear clean. This may be because during the retting process some compounds 

adhering to the brown coir fibres are removed whereas they remain on white fibre 

since they are obtained in the absence of retting. These adhering components may also 

give additional strength to the white fibre and this may be one of the reasons that 

white fibre is higher in strength compared to brown fibre. The chemical composition 

at this stage was not examined. 
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Properties of coir fibre depend on (a) place of husks obtained (growth conditions) (b) 

age of the husks (c) the varity of coconut (d) the type of husks used and (e) extraction 

processes of fibres from husks. Since the coir fibres in this study were collected from 

the same place (Kurunegala, Sri Lanka) where matured nuts are usually plucked after 

45days (irrespective of the size of nuts), which are generally used in the coir industry, 

it can be assumed that the first three factors do not vary significantly in the two types 

of coir fibres used in this research. The variations in physical properties observed 

between the two different types of coir fibres are therefore, due to the variation of type 

of husks used and/or extraction processes that have been adopted. 

From the moisture absorption results it can be suggested that there is higher order or 

crystallinity in white coir fibre than brown coir fibre. On the other hand from SEM 

analysis it is seen that compounds adhering to the surface of the brown fibre had been 

removed during retting process and since white coir fibres are obtained without retting 

process, the compounds adhering to surface are not fully removed during the 

extraction process. These surface adhering compounds may be giving additional 

strength to the white fibre. To give exact reason for this observation in difference in 

physical properties of two types of coir fibres further research has to be done on 

brown and white coir fibres. 

In the durability tests, treatment in HC1 gives a significant loss in strength after 3 

months compared to the untreated brown coir fibre. Similarly after 3 months treatment 

in distilled water (pH=5.89) shows a significant loss in strength in white coir fibre. To 

verify these results SEM photographs of coir fibres were taken after similar treatment 

as explained in section 2.3.12 and they are given in photograph 3.4 and 3.5. 
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Photograph 3.4: Brown Fibre Surface-After HC1 Treatment for 3 months 

Photograph 3.5: White Fibre Surface-After Distilled Water Treatment for 3 

months 

Compared to the untreated coir fibre the surface o f treated coir fibre w a s c lean and 

more white dots can be observed as in the photographs. That is w h e n coir fibres are in 

contact w i th acid for long periods o f t ime the c o m p o u n d s adhering to the fibre surface 

leave resulting in strength loss . Therefore the morpholog ica l v i e w s in the S E M 

photographs tend to agree with the l o s s in strength after the specif ic treatments. 
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