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ABSTRACT

Nowadays, natural fibers are used as reinforcement in composite materials. The Alfa fibers have undergone an
alkaline treatment with sodium hydroxide NaOH at a concentration of 10%, during an immersion period of two
days. After drying, the Fourier transform infrared spectroscopy by attenuated total reflection (FTIR-ATR) and
X-ray diffraction (XRD) were used for the analysis of the chemical properties of these fibers which were
extracted from the plant Alfa of the region Al Haouz (Morocco) in order to study the modifications resulting
from the alkaline treatment. The results proved the presence of the cellulose, with an increase in its proportion in
those fibers which have undergone an alkaline treatment with NaOH, the presence of lignin and pectin, as well

as their disappearance after the alkaline extraction.
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I Introduction

The use of plant fibers as reinforcement in
composite materials has grown considerably [1-4] in
order to create biodegradable composites. With the
growing interest in the environment and the
encouragement of the governments and institutions
for sustainable investment, the trend is moving
towards this type of ecological and functional fibers.
This comeback is all the more important in
consideration of the fact that the oil resources
become more and more rare and expensive. These
fibers have very interesting chemical and mechanical
characteristics [5-6]. Among the commonly used
plant fibers, those from the plant Alfa (Stipa
tenacissima) are frequent in the Western
Mediterranean: North Africa, from Morocco to
Libya, and Southern Europe. Nevertheless, there are
a number of difficulties concerning the integration of
these fibers into the polymer matrices, especially a
fiber-matrix  incompatibility. The fiber-matrix
adhesion can be improved by a modification of the
topology of the fibers surface. Several treatments
allow such a modification of the fibers surface.
These treatments improve the wettability of the fiber
with the matrix and create a strong bond in the fiber-
matrix interface. A good adhesion at the interface in
turn contributes to an improvement of the load
transfer between the fibers and the matrix and
therefore shows better mechanical properties [7].
The most used technique is the alkaline treatment.
We propose in this paper an analysis of the chemical
properties of fibers which were extracted from the
plant Alfa in the region of Al Haouz (Morocco) by
the spectroscopy method (FTIR-ATR) and X-ray
diffraction (XRD). Before presenting the method of
pretreatment and alkaline treatment we will give
details about the used material. Finally, we will

compare the results obtained for the treated and
untreated Alfa fibers.

1. Materials and methods
2.1 Materials

Our Alfa fibers (Stipa tenacissima L.) are a
bunch of grass with a height of about one meter,
which has been harvested in the region of Al Haouz,
located inside Morocco between the High Atlas to
the south and the small massif Jebilete in the north,
at an altitude of 400 to 900 m at the northern hillside
of this region. The plain of Haouz is a semi-arid
zone, receiving only 200 to 300 mm of precipitation
per year.

Before  beginning the fiber extraction,
preliminary work is needed to better prepare the
stems to different treatments, this preparation will
facilitate and increase the efficiency of future mining
operations. Our raw material often contains soil,
roots, dust or any other impurities. Dead stems are
sometimes present in the lot. The first step is to
remove all these impurities and / or foreign bodies in
order to have only clean and usable rods. Then we
cut the ends of the rods as they exhibit the largest
variation in diameter. On one side we have the upper
end in the form of relatively sharp point and on the
other side, the lower end in the form of a rigid
curved foot. It is very important to remove them
because these hooks, after extraction, become nodes
and fine fibers begin to form around a kind of
"Neps" mass hopelessly tangled fibers. In some
cases where the variation in diameter between upper
and lower end is very important, it is preferable to
cut and to work only on the central portion of the
rods in order to have the same effect over the entire
length.

WWW.ijera.com 54|Page




Zakaria Mouallif Int. Journal of Engineering Research and Applications

www.ijera.com

ISSN : 2248-9622, Vol. 5, Issue 2, ( Part -4) February 2015, pp.54-59

2.2 Pretreatment of the fibers

The Alfa fibers were washed with distilled
water to remove contaminants and adhering dust.
Thereafter, they were dried in the open air for 96
hours at room temperature. Then they were cut to
pieces of 8 c¢cm in length. These fibers will be
designated as untreated fibers.

2.3 Treatment of the fibers

The Alfa fibers were treated with a sodium
hydroxide solution (NaOH) at a concentration of
10% and during an immersion period of two days.
After this treatment, the Alfa fibers were rinsed with
distilled water. The traces of NaOH were neutralized
for 15 min by a solution of distilled water with 2%
sulfuric acid. Thereafter, the fibers were dried for 5
hours at 60°C. These fibers will be designated as
treated fibers.

2.4 Used technique

Technique 1: The Fourier transform infrared
spectroscopy by attenuated total reflection (FTIR-
ATR) was used for the analysis of the chemical
properties of the Alfa fibers in order to study the
modifications after the alkaline treatment. This
technique is based on the fact that the molecules
have specific frequencies for which they vibrate (or
turn) in correspondence with energy levels called:
vibration modes. Here the incident radiation is of an
infrared type. For this particular technique (Fourier
transform), after meeting the sample the infrared
light passes through a Michelson interferometer (not
a monochromator), composed by a beam splitter, a
fixed mirror and a movable mirror. The signal is
called interferogram; it undergoes a Fourier
transform to be finally traced and become a
spectrum [8].
In this study, the measurements were carried out
using a VERTEX 70 spectrometer at a spectral range
of 4000-600 cm-1 with a resolution of 4 cm-1. The
acquisition of the spectra was performed under dry
air flow with 16 scans (interferogram) per spectrum.
Technique 2: The X-ray diffraction (XRD) allows
analyzing the crystal structure of crystalline

materials. The collected data produce the diffraction
pattern. For this method the sample was bombarded
with X-rays and the intensity of the scattered
radiation was determined according to the
orientation in the space. The registration of the
detected intensity is a function of the deviation angle
26 of beam [11-13].
These rays which were scattered by the sample are
in accordance with Bragg's law [14]:

2 X dpyy Xsind =nx A @
With:
dpi - the distance separating two orientated planes

{hkl} called interplanar spacing

A: the wavelength of the used radiation
n: an integer representing the diffraction order
6: the half-angle of the diffraction of the RX
The analyses in this study were carried out by
diffraction of X-rays with a range of 6-20 (theta - 2
theta). In this technique, the source of radiation is
fixed, while the holder of the sample is movable.
The device used is an X'Pert Pro MPD
diffractometer with a CuKo radiation (A = 1.54 A).
A 26 angle range of 5° to 90° has been scanned.

Il. Results & interpretation

Figures 1 and 2 respectively show the FTIR-
ATR spectra of the treated and untreated Alfa fibers.
In this study several spectral ranges of interest had to
be considered. In the range of low wavenumber,
three peaks located at 1035, 1090 and 1166 cm-1
respectively correspond to the mode of stretching
vibration of the group C-OH, the symmetrical
stretching vibration of the glycosidic moiety C-O-C
and finally the major absorbance peak reflecting the
cyclic structure of the carbohydrates — these three
peaks are representatives of the cellulose. Other
bands of wavenumbers of 1244 and 1362 cm-1,
which show the presence of alcohol groups, have
been identified. The intensity of the peaks increased
with the alkaline treatment, which proved an
increase in the proportion of the cellulose in the
treated Alfa fibers.
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Figure 1: FTIR-ATR results of a sample of the treated Alfa fibers
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Figure 2: FTIR-ATR results of a sample of the untreated Alfa fibers

The peak observed at 1733 cm™ in the
spectrogram of the untreated fibers, associated with
the stretching vibration of the carbonyl group C=0,
proved the presence of pectins, which disappeared
after the alkaline extraction with NaOH.

The band observed at 1464 cm™, corresponding
to the bending vibration mode of the CH2 group, and
at 1530 cm™, corresponding to the vibration of the
C-H bond in the aromatic ring which is present in
the lignin, have decreased considerably.

The peak which lies between 3000 and 3600
cm, which is associated with the elongation of the
hydroxyl O-H bond, had strongly increased in
intensity due to the increase of the proportion of the
cellulose in the treated fibers and because of the
alkaline treatment. This showed that there are
residues of the alkaline sodium hydroxide on the
fibers surfaces.

Other bands observed at 2849 and 2917 cm™
explained the presence of cellulose, respectively
assigned to the stretching vibration of the C-H bond
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and CH2 group. The peaks at 832 and 724 cm™,
respectively showed the characteristics of the C-O-C
stretching vibration and the deformation vibration of
the C-OH bond [9-10].

In order to analyze the influence of the

ray diffraction analyses were performed. The results
of the X-ray diffraction test are shown in the
diffraction patterns of figures 3 and 4. These figures
show the X-ray diffraction of the untreated and
treated Alfa fibers.

pretreatment of the fibers on their crystallinity, X-
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Figure 3: Diffraction pattern of the untreated Alfa fibers
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Figure 4: Diffraction pattern of the treated Alfa fibers
These diagrams illustrate an intense peak at

20 = 22,7° corresponding to the crystallographic
planes [0 0 2] of the cellulose I. A less intense peak
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crystallinity I, was calculated according to the Segal
method [15,16]. The index of crystallinity could be
estimated by the values of the diffraction intensities
of the crystalline and those of the amorphous
structure.

I (%) = "2 x 100 )
A 002
With:
Iy, : the intensity of the peak of the crystalline phase
at20 = 22,7°

Im . the intensity of diffraction of the amorphous

material at 20 = 18°

These indexes were calculated by using the
equation (2) and are presented in Table 1. These
results showed that the index of crystallinity
becomes more important after the alkaline treatment
of the Alfa fibers: 50% for the treated Alfa fibers,
45% for the untreated ones. This confirmed the
hypothesis of the gradual elimination of non-
cellulosic materials (amorphous part) of the stem of
Alfa and it showed that the proportion of the ordered
region, namely the cellulose (crystal structure)
which is present in the fibers, is increasing.

Index of
Alfa fibers 20 (°) hkl crystallinity
(%)
Treated 22,7 [002] 50
Untreated 22,7 [002] 45

Table 1: Main results of the different DRX
diffractograms

(AVA Conclusion

The results obtained for the Alfa fibers treated
with sodium hydroxide and those in raw state using
the technique of FTIR-ATR spectroscopy showed
the presence of the cellulose, with an increase in its
proportion in those fibers which have undergone an
alkaline treatment with NaOH. The existence of the
lignin and pectin, as well as their disappearance after
the alkaline extraction, has been proven.

The results obtained by using the XRD method
showed that the index of crystallinity increases after
the treatment of the Alfa fiber. This confirmed the
hypothesis of the gradual elimination of non-
cellulosic substances.
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