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ABSTRACT: In the recent years, due to environmental concerns developed, the nature fibre composites have shown a
growth of interest because of their recyclability and biodegradability. Natural fibres can be obtained at a low price
using locally available manual labor and eco friendly material in nature. Natural fibres are readily available in large
quantities in many countries and they represent a continuous renewable source. In this project we have developed agave
fiber polypropylene composites with 3 proportions such as 25/75, 35/65 and 50/50. The technique we used for
composite making is compression molding. From these three proportions, 35/65 proportion has high impact strength
and tensile strength besides having moderate flexural properties compared to other proportions such as 25/75 and
50/50. The present paper surveys the research work published in the field of agave fiber reinforced polymer composites
with special reference to the structure and properties of agave fiber, processing techniques, and the physical and
mechanical properties of the composites.
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l. INTRODUCTION

The chemical compositions of agave fibers have been reported by several groups of researches. Plant based fibers
mainly consist of cellulose, hemicelluloses and lignin which are major components of the plant cell wall. While
cellulose is a linear polymer consisting of glucose units and organized in a fibrillar fashion, hemicelluloses is made up
of many different sugar units and is branched and lignin is a complex hydrogen carbon. Since the strength and stiffness
of plant based fibers mainly depend on their cellulose content (Jun Tae Kim 2010). Physically, each fiber cell is made
up of four main parts, namely the primary wall, the thick secondary wall, the tertiary wall and lumen.

The chemical compositions of agave fibers have been reported by several groups of researches. Plant based fibers
mainly consist of cellulose, hemicelluloses and lignin which are major components of the plant cell wall. While
cellulose is a linear polymer consisting of glucose units and organized in a fibrillar fashion, hemicelluloses is made up
of many different sugar units and is branched and lignin is a complex hydrogen carbon. Since the strength and stiffness
of plant based fibers mainly depend on their cellulose content (Jun Tae Kim 2010). Physically, each fiber cell is made
up of four main parts, namely the primary wall, the thick secondary wall, the tertiary wall and lumen.

Fig. ’1 The agave Americana L. plant
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The cell walls of agave fiber consist several layers of fibrillar structure consisting of fibrillae. In the primary wall, the
fibrillae have a reticulated structure. In the outer secondary wall (S1), which is located inside the primary wall, the
fibrillae are arranged in spirals with a spiral angle of 40° (for agave fiber) in relation to the longitudinal axis of the cell.
The fibrillae in the inner secondary wall (S2) of agave fibers have a sharper slope, 18 to 25°. The thin, innermost,
tertiary wall has a parallel fibrillar structure and encloses the lumen. Generally the strength and stiffness of plant fibers
depend on the cellulose content and the spiral angle which the bands of micro fibrils in the inner secondary cell wall
make with the fiber axis (Kuruvilla Joseph 1990).

1. MATERIALS AND METHODS
2.1 EXTRACTION OF AGAVE FIBERS
2.1.1. Mechanical Process
The mechanical process consists of scrapping the leaves with machines called raspadors under a jet of water [4]. This
process is firstly expensive because it needs a lot of water and energy. Secondly, it can modify, by scrapping, some
mechanical characteristics of fibers.

2.1.2. Chemical Process

The chemical process, largely used in the past, consists of attacking leaves by sea water (hydrolysis in sea water) in
order to dissolve the pulp and to extract the fibers. This process requires nearly 3 months. We have developed a
chemical process that is able to extract fibers in 48 hours and which consists of attacking fibers by a 3N sodium
hydroxide solution.

The obtained fibers are washed in water and then in a dioxane solution. This solution eliminates all the residue of pulp
surrounding the fiber surface and makes it clean and white. The same results are obtained by the use of an aqueous
solution of NaclO.

2.3 COMPOSITE MANUFACTURING

Compression molding machine is used to produce the composite. The mold is made up of aluminum
[250mm*250mm*3mm], the web are cut according to the mold and placed on the mold. Initially the temperature of the
compression molding machine is set up to 165° C with 10 bar pressure. Generally the web is placed on the bottom jaw
[Immovable] and then the top jaw [Movable] is activated to move downwards and it compresses the web for 10 min. After

Fig. 2 Compression molding machine

Ten min by using handle top jaw is lifted and mold is removed from the bottom jaw. And then water is sprayed on the surface
of the mold for cooling. After that the composite is removed from the mold. Finally the composites are prepared.
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2.2 PROCESS FLOW

eSisal fiber is cut into3-4 mm size
ePolypropylene is cut into a length and
j2ceriele)  width of 17.5 mm )
~
s Temperature-165°C
(@0l e Pressure- 10 bar
on molding J
N\
e Testing of physical and mechanical
(@onieblts  properties
e board J

Fig.3 Process flow of compression molding

The process flow of compression molding is shown fig.3. In this flow, mentioned the temperature, pressure which is using in
the molding machine.

1. RESULTS AND DISCUSSIONS
TABLE 1
MECHANICAL CHARACTERISTICS OF AGAVE FIBERS
S. No Extraction mode Tensile Deformation Tensile
modulus(Gpa) strength(Mpa)
1 Hydrolysis in NaOH 11.52 18.2 475.1
3N, washed 24h in
dioxane
2. Hydrolysis in NaOH 6.13 20.9 299.6
3N, washed 1/2h in
dioxane
Inference- 3. Hydrolysis in sea 4.63 359 407.4
) B water . )
We have also noticed that 4 Scrapping 4.03 34.2 3526 the deformation of fibers

progresses in the opposite direction of their tensile modulus with 34.5% for fibers extracted by sea water and 18.5% for the
fibers extracted by sodium hydroxide and washed for 24 hours in dioxane. Finally, we have noticed that the highest tensile
strength corresponds to the fibers extracted by sodium hydroxide and washed for 24 hours in dioxane :475MPa.

TABLE 2
IMPACT STRENGTH TEST
S. No Proportion 25/75 Proportion 35/65 Proportion 50/50
(Agave/PP) (Agave/PP) (Agave/PP)
Thickness Impact Thickness Impact Thickness Impact
(mm) strength (mm) strength (mm) strength
(Joules) (Joules) (Joules)
1 3.49 3.947 4.76 20.267 5.14 6.123
2. 351 3.947 4.75 19.989 5.14 6.424
3. 3.50 2.539 4.76 22.480 5.13 7.124
4. 3.49 2,912 4.76 22.371 5.14 7.817
5. 351 2.026 4.76 22.056 5.13 6.280

In above table, the impact strength of composite board of different proportion is mentioned, and also explained in below
graph.
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Fig. 4 Impact strength
Inference:
The investigation shows that the impact strength of the agave fiber composite of proportion 35/65 is more than the both proportion
because the strength of polypropylene is greater than agave fiber. So if we increase or decrease the polypropylene or agave fiber
content then the impact strength of the composite will decrease.

TABLE 3
TENSILE STRENGTH
S. Proportion 25/75 (Agave/PP) Proportion 35/65 (Agave/PP) Proportion 50/50 (Agave/PP)
No Load at Tensile Tensile Load Tensile Tensile Load at Tensile Tensile
Break Stress at Strain at at Stress at Strain Break Stress at Strain at
(N) Break Break Break Break at Break (N) Break Break (%)
(MPa) (%) (N) (MPa) (%) (MPa)
1. 1027.1 5.14 4.82 1501.02 17.13 4.22 1215.18 11.96 322
2. 991.1 4.96 5.35 1290.5 14.75 3.06 1080.31 17.09 3.72
3. 1157.6 5.79 4.39 1222.66 13.71 3.39 1148.93 14.08 2.95
4. 1149.6 5.75 5.00 1213.40 15.34 3.72 1151.31 16.83 3.44
5. 1216.1 6.08 4.92 1550.74 14.70 3.83 1078.84 14.35 3.44

In above table, the tensile strength of composite board of different proportion is mentioned, and also explained in below
graph.
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Fig. 5 Tensile strength
Inference:

The investigation shows that the tensile strength of the agave fiber composite of proportion 35/65 is more than the both
proportion because the strength of polypropylene is greater than agave fiber. So if we increase or decrease the polypropylene
or agave fiber content then the tensile strength of the composite will decrease.
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TABLE 4
FLEXURAL STRENGTH TEST
S.No Proportion 25/75 Proportion 35/65 Proportion 50/50
(Agave/PP) (Agave/PP) (Agave/PP)
Maximum Flexural Maximum Flexural Maximum Flexural
load(N) strength load(N) strength load(N) strength
(N/sq.mm) (N/sg.mm) (N/sg.mm)
1. 79.12 43.266 160.083 51.129 272.185 60.60
2. 78.95 42.561 160.256 50.652 271.962 60.26
3. 79.52 43.652 159.956 51.261 272.261 59.95
4. 79.26 43.361 160.651 51.531 272.125 61.39
5. 78.45 42.456 160.562 51.025 271.651 60.13

In above table, the Flexural strength of composite board of different proportion is mentioned, and also explained in below
graph.
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Fig. 6 Flexural Strength
Inference
From the figure 6, the flexural strength of the proportion 50/50 is greater than the other two proportions such as 25/75 and
35/65 because the stiffness of agave fiber is lower. So if we increase the agave content the flexural strength will increases.

V. CONCLUSION

The agave fiber and polypropylene composite were successfully manufactured and the mechanical properties of the
composite board have been tested. The impact and tensile strength properties of the agave composite with proportion
35/65 is greater than the other two proportions such as 25/75,50/50 because the strength of polypropylene is greater
than agave fiber. So if we increase or decrease the polypropylene or agave fiber content then the tensile strength of the
composite will decrease. Then the flexural properties of 50/50 proportion is greater than the other two proportion such
as 25/75 and 35/65 because the stiffness of agave fiber is lower. So if we increase the agave content the flexural
strength will increases. The agave fiber is easily available and is cost effective. So we conclude that the agave fiber
polypropylene composite of proportion 35/65 is well suited for Non-structural applications such as Circuit boards,
office tables, cardboards, exam pads, switch boxes etc.

REFERENCES

1. Mathur V K. “Composite materials local resources”. Constructions build Matter 2006; 20:470-7.

2. Herrera-franco P J,,Valadez-Gonalez A,. “A study of the mechanical properties of short natural fiber reinforced composites”, Composite: Part B
2005;36:597-608.

3. Blezdzki AK, Gassan J. “Composites reinforced with cellulose based fibers”, Progress polymer science 1999;24:221-74.

4. Bos H,. Molenveld , Teunissen W. “Compressive behavior unidirectional flax fiber reinforced composites”, J Mater Science 2004;39:2153-68

5. Joseph PV, Kuruvilla Joseph, Sabu Thomas,” Effect of processing variables on the mechanical properties of agave fiber-reinforced
polypropylene composites”, Composite scencei Technology 1999; 59:1625-40.

6. Geethamma VG, Thomas Mathew K, Lakshminarayanan R, Sabu Thoma,” Composite of short fibers and polypropylene”, 1998;39(6-7):1483-
91.

7. Gassan J., Beldzki A. K., “Properties and modification methods for vegetable fibers for natural fibers composites.” Die Engew Makromol
Chem, N° 236, 1996, pages 129-138.

8. AK. Bledzki and J. Gassan, “Composites reinforced with cellulose based fiber”, Progress in Polymer Science 24 (1999) 221-274.

9. THOMAS, S.; UDO, G. “Automotive applications of natural fiber composites”, In: LEAO, A. L.; CARVALHO, F. X.; FROLLINI, E.,
Lignocellulosic-plastics composites, S&o Paulo: USP/UNESP, p.181-195, 1997.

10. SINGH, B.; GUPTA, M.; VERMA, “A Influence of fibre surface treatment on the properties of agave-polyester composite”, Polymer
Composites, Brookfield, v.17, n.6, p.910-918, 1996.

Copyright to JIRSET DOI: 10.15680/1JIRSET.2015.0402040 176



11.

12.

13.

14.

15.

16.

]
‘-@ ISSN(Online) : 2319 - 8753

[JIRSET ISSN (Print) : 2347 - 6710

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)
Vol. 4, Issue 2, February 2015

SELZER, R. “Environmental-influences on the bending properties of agave fibre-reinforced Polymer composites”, Advanced Composites

Letters, Letchworth, v.4, n. 3, p.87-90, 1995.

MALDAS, D, KOKTA, B. V. “Performance of treated hybrid fiber— reinforced thermoplastic composites under extreme conditions”, Polymer
Degradation and Stability, Oxford, v.31, p.9-21, 1991,

MANIKANDAN NAIR, K.C.; DIWAN, S. M.; THOMAS. S,”Tensile properties of short agave fibre reinforced polystyrene composites”,
Journal of Applied Polymer Science, New York, v.60, p.1483-1497, 1996.

X. Lu, M.Q. Zhang, M.Z. Rong, G. Shi and G.C.Yang, “All-plant fibre composites: self reinforced composites based on agave”,
AdvancedComposites Letters 10 (2001) 73-79.

X. Lu, M.Q. Zhang, M.Z. Rong, G. Shi, G.C. Yang and H.M. Zeng, “Natural vegetable fibre/ plasticised natural vegetable fibre — a candidate
for low cost and fully biodegradable composite”,

Advanced Composites Letters 8 (1999) 231-236.

Copyright to JIRSET DOI: 10.15680/1JIRSET.2015.0402040 177



