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Resumo

As fibras lignoceluldsicas representam vantagens econémicas, técnicas e ambientais
em comparacdo com as fibras sintéticas, como fibra de vidro por exemplo, quando
se considera as alternativas de reforco aos compdsitos. A fibra natural usada no
presente trabalho é a fibra de eucalipto, que é largamente cultivada em territério
brasileiro. Este trabalho tem como objetivo avaliar uma analise estatistica da
correlacdo entre o diametro e a densidade da fibra de eucalipto. Para isso, foi
aplicado o método de Weibull. O diametro foi obtido por meio de medi¢cdes em
projetor de perfil, enquanto a densidade utilizou determina¢des precisas da massa e
do volume de fibras. Os resultados revelaram uma dependéncia inversa entre o
didametro da fibra de eucalipto e sua densidade.

Palavras-chave:Fibra de eucalipto; Método de Weibull; Diametro; Densidade.

CORRELATION BETWEEN THE DIAMETER AND THE DENSITY OF
EUCALYPTUS FIBER USING THE WEIBULL ANALYSIS

Abstract
The lignocellulosic fibers represent economical, technical and environmental
advantages regarding alternative materials as composites reinforcement compared
to synthetic ones, such as the glass fiber. The natural fiber used in this present work
is the eucalyptus fiber, which is largely cultivated in Brazilian territory. This work aims
to evaluate a statistical analysis of the correlation between the diameter and the
density of eucalyptus fiber. For this, the Weibull methodology was performed. The
diameter was obtained by profile projector measurements, while the density used
precise determinations of the fibers mass and volume. The results revealed an
inverse dependence between the eucalyptus fiber diameter and its density.
Keywords: Eucalyptus fiber; Weibull methodology; Diameter; Density.
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1 INTRODUCTION

According to Kalia, Kaith e Kaurs [1] cellulose-based fibers are being used due to its
"green” image. Instead of glass fibers, widely used in modern technology, the
lignocellulosic fibers are renewable and can be incinerated at the end of material
useful life without the addition of air pollution, since the amount of CO:2 liberated
during the incineration is negligible compared to the amount absorbed by the plant
throughout its life. Even if the industrial processing of an equivalent release of CO:z is
added, the lignocellulosic fiber can be considered neutral with respect to the
emission of gases responsible for global warming [2].

The use of lignocellulosic fiber as packaging, textile, construction and automobilist is
growing. One of its most promising applications is as reinforcement for polymer
composites. In fact, a considerable number of publications[3-8] have been devoted to
lignocellulosic fiber as reinforcement in polymer composites. In particular, in industrial
applications are already on the market, mostly in automotive industry [9-12].

Despite environmental benefits and economic advantages, technical and social
aspects of lignocellulosic fibers, as the deficiencies, dimensional heterogeneity and
low interfacial adhesion with polymers typically used as composite matrix [3-7].
Another feature that can significantly affect the properties of lignocellulosic fiber is an
appreciable dimensions transverse effector cross-sectional area [3].

It is worth noting that the cultivation of natural fibers can also have a positive social
impact. It contributes for the non-food agriculture, working as a source of income,
especially in developing countries [13]. The Eucalyptus plant is cultivated extensively
in all Brazilian territory, which adds further advantages to this fiber: its cultivation is
source of income for many families in the rural areas, its abundant and even cheaper
than non-native fibers, because it can be eliminated costs with importation.

The objective of this work is to evaluate the medium and characteristic density of the
Eucalyptus fiber, analyzing the density and the influence of the diameter on this

property.
2 MATERIAIS E METODOS

The basic material used in this work was untreated eucalyptus fibers. Statistical
analysis were performed on one hundred fibers randomly removed from the as-
received the lot. These fibers were then measured in five different points along the
length, and were 90° rotated to be measured again, assuming a ellipitcal cylindric
structure for the fibers. The rotation guarantees the correct values of the mean
diameter for each fiber. Fig. 1 shows the histogram for the distribution of eucalyptus
fibers diameters by considering 6 diameter intervals.
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Figure 1. Histogram of the frequency of Eucalyptus fibers for each diameter interval.

After the statistical analysis, each diameter interval was completed with 20 or more
fibers for density measurements that would allow a Weibull analysis. Tab. 1 presents
the number of Eucalyptus fibers measured in each diameter interval.

Table 1. Diameter intervals and number of fibers obtained for density measurements.

Diameter interval (mm) Number of fibers
0.10<d<0.13 03
0.13<d<0.16 12
0.16<d<0.19 32
0.19<d<0.22 25
0.22<d<0.25 18
0.25<d<0.28 10

' igure 2. a) Eucalyptus bark and b) Fibers after defibrillation



For each interval of equivalent diameter in Tab. 1, the selected eucalyptus fibers had
their diameter and length individually measured using a profile projector Nikon 6C
and each fiber was weighed in a precision balance. The density of each fiber was
then calculated considering a cylindrical volume of the fibers, by the relationship:

_4m
P = Taz (A)

Where: m — mass; d — diameter; | — length; p — density.
3 RESULTS AND DISCUSSION

Based on the values of weight and volume, an average value of density was obtained
for each fiber. These values were statistically analyzed by means of the Weibull
method for at least 20 fibers associated with each of the six diameter intervals. The
Weibull Analysis program provided the probability plots of reliability vs. location
parameter shown in Fig. 3 for all diameter intervals.
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Figure 3. Weibull graphs for the different diameter intervals.

Here it should be noted that not all plots are unimodal, i.e., with just one single
straight line fitting the points at each interval. This may indicate distinct behaviors for
the density of eucalyptus fibers within the same diameter interval. In spite of this
small Weibull discrepancy inside the diameter intervals, only one straight line was
assign for each graph. Based in these straight lines, the program provided the
corresponding characteristic density (8), the Weibull modulus (B) and the precision
adjustment (R?) parameters. The values of these parameters as well as the average

0.22<d<0.25 e 0.25<d<0.28




density and associated statistical deviations, taking into account the Weibull graphs
in Fig. 3, are presented in Tab. 2.

Table 2. Weibull parameters for the density of eucalyptus fibers associated with the

different diameter intervals.

Diameter Weibull | Characteristic | Precison Average | Statistical
interval (mm) | Modulus, density, 0 Adjustment, | density | Deviation
B (g/cm?3) R? (g/cm®) | (g/cm3)

0.10<d<0.13 6.034 1.125 0.9406 1.044 0.201
0.13<d<0.16 6.890 1.003 0.9301 0.938 0.160
0.16<d<0.19 8.995 0.966 0.9716 0.915 0.122
0.19<d<0.22 10.66 0.958 0.9593 0.913 0.104
0.22<d<0.25 7.856 0.948 0.9352 0.892 0.135
0.25<d<0.28 8.298 0.732 0.9209 0.690 0.099

The variation of the characteristic density with the average fiber diameter for each
one of its intervals is presented in Fig. 4. This figure presents a regular tendency for
the @ parameter to vary with the inverse of the eucalyptus fiber diameter. This means
that the density of the eucalyptus fiber holds an inverse correlation with the fiber
diameter. This correlation adjusts to a hyperbolic equation of the type:
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Figure 4. Variation of the eucalyptus characteristic density, 0, from the Weibull
analysis with the corresponding diameter.

From the Tab. 2 it is also possible to plot the graphs for the average density against
the diameter, shown in Fig. 5. This figure confirms the inverse correlation between
the density and the diameter found in Fig. 4. However, the corresponding
mathematical adjustment provides the following hyperbolic equation:

_0.052

Pm = T + 0.601 (C)
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Figure 5. Diameters of the Eucalyptus and their respective average densities.

A comparison between Eg. (B), Fig. 4, and Eq. (C), Fig. 5, indicates a definite
tendency for the Eucalyptus density to markedly vary with the inverse of the fiber
diameter.

4 CONCLUSION

The analysis of more than 100 fibers of eucalyptus showed an inverse
dependence between the density and fiber diameter, so that the larger the
diameter the lower the density.

The Weibull analysis show some inconsistency on the unimodal graphs
construction that can be attributed to large dispersion of natural fibers. In
eucalyptus fibers, flaws and defects are presented in large quantities, because its
structure and composition.

Statistically, the organized distribution and structure formation for the fibrils creates
this kind of mechanism and reaction.
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