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Abstract

Newer natural fibres are often explored due to eco-friendliness and availability of such fibres in the specific regions. Agave americana L fibres, 
extracts from the leaves of the Agave plant, represent the naturally available cellulosic fibres with interesting properties. Voids, in the cross-sections of 
the fibres, were observed in the microscopic analysis and the fibres exhibit high degree of crystallinity. Bundle fibres extracted from the leaves exhibit 
low elongation with high tensile stress compared to many non-apparel fibres and the moisture, thermal properties similar to that of any other cellulosic 
fibres.
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Introduction
Agave americana L fibres are extracted from leaves of the Agave 

americana L, a plant native to Mexico and Caribbea, characterized 
by fleshy, rigid, hard leaves growing directly out from the central 
stalk. Leaves of the Agave species grow up to a length of 1 to 1.5m; 
consist of bundles of fibres, which in turn made up of many single  

 
fibres held together randomly [1-5]. Single fibres, with ribbon like 
structure, separated from bundles of fibres by acid treatment and 
alkali boil, have been characterized extensively in past [3,4] and the 
present study is an attempt to characterize the bundle fibres of the 
Agave americana L.

Figure 1: Cross section of Agave americana L bundle fibres.

Fibres originally obtained from the leaf extracts were yellowish-
green in colour, which became pale yellow on washing with water. 
Total extractable impurities, measured as per IS 9068, were present 
in the fibres to the extent of 5.37%, of which 2.78% extractable 
impurities was obtained from ethanol extraction and 2.59% from 
carbon tetrachloride. Fibre diameter, measured using optical 

microscope, revealed values starting from 110μm and upwards 
with an average of 140μm, many fold higher than the individual 
fibres [4,6]. Cross sections of the fibres obtained using scanning 
electron microscope (Figure 1) showed the presence of voids all 
over the structure, formed perhaps during evaporation of cell sap 
while separation and drying process of fibres [4]. 
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Density values of the fibres, at constant temperature showed 
the values in the range of 1.047g/cc to 1.098g/cc, which is low 
compared to many cellulosic fibres and single fibres (1.36g/
cc) separated from bundle fibres [3,6]. Highest linear density of 
bundles fibres calculated, as per ASTM D157, was ~105 dtex and 
the lowest value was ~43 dtex with an average of 63 dtex. Agave 

americana L bundle fibres exhibited higher moisture regain value 
at 12.50%, with the moisture content of 11.10%, following ASTM 
D2654-89a. Less amounts of hydrophobic materials present in the 
fibres as shown in the solvent extraction, also could have facilitated 
the absorption and retention of moisture in the fibres. 

Figure 2: X-ray diffraction of powder sample.

Powder XRD of Agave americana L fibres carried out for 
equatorial reflections, showed two prominent peaks at 15o and 
22.5o (Figure 2), obviously due to (101) and (002) reflections [7]. 
Degree of crystallinity was found to be ~50.3 % with the crystallite 
thickness ~23.30 Ao at 2θ=22.5o. Hydration in the leaves during 
the growth of the fibres could have hindered the growth of the 
crystallites and crystalline regions in the fibres. Similar stress-strain 
curves were obtained in all dry and wet specimens regardless to 
diameter of the fibres. After reaching the yield point, with an initial 
modulus 28.67 cN/tex at 1.5% extension, stress levels increased 
linearly up to the point of break, under dry condition. In the case of 

wet condition, the tenacity values were found to vary from 38% to 
79% of the dry tenacity values (Table 1).

Table 1: Tenacity and elongation under dry and wet conditions.

Property Dry Condition Wet Condition

Tenacity (cN/tex) 85.52 49.10

CV% of Tenacity 48.40 41.50

Elongation (%) 8.80 9.17

CV% of Elongation 35.50 27.30

Figure 3: TGA-DTGA curves of Agave americana L fibre sample.

In thermo gravimetric analysis, typical weight losses were 
observed in the temperature ranges of 60o to 100 oC, 300-
385 oC, leading to final decomposition (Figure 3). Between the 
temperatures 100 oC to 300 oC, the sample was found to be highly 
stable, comparable to many cellulosic fibres like viscose rayon, 

cotton linters, and mercerized cotton fibres [8]. At the end of the 
scan, higher amount of char type of residues were found ~19.0% 
Maximum rate of degradation in sample weight, 15.15%, was 
observed at a temperature of 352 oC, which was incidentally the 
temperature slightly above the half decomposition (T1/2) i.e.348 oC. 
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Thermogram obtained in the differential scanning calorimetry did 
not show any prominent transitions up to 500 oC. An endothermic 
peak near 100 oC related to the evaporation of the moisture present 
in the specimen, supplementing the thermo gravimetric analysis.

Conclusion
Presence of voids in the leaf fibres of Agave americana L fibres 

resulted in the very low density values in spite of high degree of 
crystallinity. Higher surface area created by the voids also is believed 
to facilitate moisture absorption, together with low extractable 
hydrophobic impurities. Thermal degradation of fibres were found 
to happen at similar temperatures as that of other cellulosic fibres 
and the high degree of crystallinity, possibly, hinder degradation of 
fibres at low temperatures.
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