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ABSTRACT
The growing interest for natural materials as an environmentally friendly alternative for the substitution of energy intensive and non-sustainable synthetic materials, has motivated the use of lignocellulosic fibers as reinforcement of biocomposites. The malva fiber, a relatively unknown lignocellulosic fiber with potential for composite reinforcement, still needs to characterize for possible engineer applications. Therefore, the present work analyzed the malva fiber by means of Fourier Transform Infra-red (FTIR) spectroscopy. The malva fiber FTIR spectrum revealed main absorption bands typical of any lignocellulosic fiber. However, some specific bands as well as bands broadening and intensity suggested particular activities for functional molecular groups in the malva fiber.
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INTRODUCTION
In recent decades, environmental issues related to worldwide pollution and climate changes, mainly the global warming, are motivating new paradigms for the development of our society. Among these, the use of natural materials in substitution for non-sustainable synthetic materials, obtained from non-renewable ores and petroleum, is increasingly being considered. In particular, natural fibers extracted from plants are, in this 21st century, experiencing a surge as composite reinforcement(1-11), following their replacement by synthetic fibers, specially the glass fiber, during the second half of the 20th century(1,2,8).

In addition to environmental benefits(12,13) the lignocellulosic fibers present economical advantages, such as worldwide abundance and comparatively low costs as well as some technical properties associated with flexibility and toughness(11), which contribute to the performance of automobile components fabricated with natural fibers composites(14-16).

Among the less common lignocellulosic fibers that only recently have been investigated(17), the fibers extracted from the stem of the malva plant (Urena lobata, L), shows in Fig 1, reveals a potential for polymer composite reinforcement.
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Figure 1 - The malva plant (a) and malva fibers extracted from the stem


Preliminary results on the characteristics of the malva fiber by our research group, indicate average tensile strength of 87.5 MPa, Elastic modulus of 8.8 GPa, and density of 0.98 g/cm3. Other properties are currently being investigated. In particular the Fourier Transform Infra-Red (FTIR) spectruscopy could be used to provide another preliminary analysis for the malva fiber.

In order to perform a FTIR analysis, it is relevant to keep in mind that the infra-red absorbance or transmittance spectra for any lignocellulosic fiber are known to process common characteristic bands typical of cellulign materials(18,19), Table 1, present these characteristic bands. For the specific case of malva fibers, to knowledge of the authors of this article, no FTIR analysis has, so far, been performed.
Table 1 - FTIR adsorption bands of cellulign(18,19).

	Position (cm-1)
	Band origin

	3450-3400
	O-H stretching

	3050-2840
	C-H stretching (aliphatic+aromatic)

	1740-1710
	C=O stretching (unconjugated ketone,ester or carboxylic groups)

	1675-1660
	C=O stretching in conjugation to aromatic ring

	1605-1600
	Aromatic ring vibrations

	1515-1505
	Aromatic ring vibrations

	1470-1460
	C-H deformations

	1430-1425
	Aromatic ring vibrations

	1370-1365
	C-H deformations

	1330-1325
	Syringyl ring breathing

	1275-1270
	Guaiacyl ring breathing

	1230-1220
	C-C, C-O stretch

	1172 
	C-O stretching of conjugated ester groups in grass lignins

	1085-1030
	C-H, C-O deformations

	835
	C-H out of plane in p-hydroxyphenyl units



Based on the above-mentioned information, the objective of the present work was to carry out a FTIR analysis on the malva fibers to indentify the characteristic active functional molecular groups.

MATERIALS AND METHODS

The malva fibers (Urena lobata, L) were supplied by a Brazilian firm from the North region called Companhia Textil Castanhal. 

Figure 2 illustrates the aspect of the fiber, it is shown a bundle of malva fibers in Fig 2(a) and some separated fiber displayed in a uniform surface in Fig 2(b). A statistical distribution of equivalent diameter, measured by profile projector, was performed in 120 fibers. This distribution with 6 arbitrary intervals of diameter is shown in Fig 3. The average equivalent diameter, calculated from the distribution, was found as 65 μm 
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Figure 2 - As received lot of malva fibers (a) and individually separated fibers (b)
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Figure 3 - Statistic distribution of malva fibers in six equivalent diameter intervals


For this particular investigation randomly selected malva fibers, from the as-received lot shown in Fig 2(a), were cleaned in water and dried at 60oC for 2 hours in a laboratory stove. The variation obtained for these malva fibers properties were tensile strength from 214.7 to 49.7 MPa and density from 0.84 to 0.99 g/cm3, respectively for diameters in the intervals 20 to 35 μm and 95 to 110 μm.

The FTIR analysis was conducted in a model Prestige 21, Shimadzu spectrometer in average form 4000 to 400cm-1. Malva fiber samples for the analysis were first milled in a ceramic pestle to powdery conditions. The powder were mixed with KBr particles to make it suitable to infrared analysis. The mixture was then press to a small thickness, slightly below 1mm, required for FTIR analysis.
RESULTS AND DISCUSSION

Figure 4 shows the FTIR spectrum obtained for the malva fiber. In this figure one should notice the different adsorption bands in association with corresponding wavenumbers (cm-1), which allow a comparison with the information in Table 1
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                 Figure 4 - FTIR spectrum of the malva fiber.


The broad band around 3400 cm-1 is commonly found in all lignocellulosic materials and attributed, see Table 1, to O-H stretching. According to Khan et al(20), based on results in wood, this hydroxyl (OH) activity may be associated not only to adsorbed water onto the fiber surface but also to alcohols existing in the fiber constituents such as cellulose, hemicellulose and lignin. This band could also include OH in carboxylic acids and extractives compounds. In comparison to other 3400 cm-1 bands, such as in banana(21), abaca(22), jute(23) and curaua(24) fibers, the malva fiber is sensibly less intense. thus it is suggested that the hydroxyl in the malva fiber is less active, this could indicate difficult in water evaporation or interaction with chemical compounds like acetic anhydride(22). The band around 2880 cm-1 is due to C-H stretching, see Table 1, a characteristic functional group in any organic macromolecule like the cellulose, hemicellulose and lignin existing in natural fibers. The fact that in the malva fiber this band is sharper and more intense, probably indicates a greater activity of some C-H bondings. At this point it is not possible to indentify which fiber constituent has more active C-H bonds. The sharper and intense band observed at 2380 cm-1, Fig 4, in the malva fiber is a rather surprising result. Similar band was not found in other lignocellulosic fiber (21-24) is not even indicated in the Table 1. The bands at 1740 and 1650 cm-1 are assigned, see Table 1, to C=O stretching . This functional group exists in many constituents, like the alpha-keto carbonyl in the cellulose(21) and is commonly found in FTIR spectra of lignocellulosic fibers(21-24). The sequence of bands from 146 to 1250cm-1 can be ascribed to distinct origins, see Table 1. Once again, these bands were reported and discussed in other lignocellulosic fibers(21-24).  The broad band at 1030 cm-1 is also common to any lignocellulosic fiber (21-24) and, as indicated in Table 1, may be associated with C-H and C-O deformations. These functional groups naturally occurs in the fiber constituents and therefore are expected to exist in the malva fibers.


The shoulders bands from 900 to 440 cm-1, also reported in other lignocellulosic fibers(21-24), could be attributed to specific functional groups activity. For instance, the 900 cm-1 band was indicated by Ray et al(23) as due to β-glucosidic linkage. The 680  cm-1 band as due to out-of-place bending vibration of intermolecular H-bonded and O-H groups(23). The 510 cm-1, although relatively shorter, might be due to torsional vibration of pyranose ring(23). Finally, as well as were exercise, the crystallinity index of malva fiber was evaluated by the ratio between the absorbance of bands at 1429 (CH2 scissoring) and 893 cm-1 (21). This evaluation, at the dashed vertical lines in the Fig 4, leads to the following crystallinity index (CI).
CI = 24.2% / 21.5% = 1.13                                                (1)


The value of 1.13% is unrealistic since CI has to be smaller than 100, usually between 50% and 80% (17) Therefore the malva fiber FTIR cannot be used to calculate the fiber CI.
CONCLUSIONS

· The FTIR spectrum for the malva fiber displays the general expected bands usually found in any lignocellulosic fiber.

· As compared to other lignocellulosic fibers, the common 3400 cm-1, band attributed to O-H stretching, is relatively less intense. This indicates that the hydroxyl in the malva fiber is less active.

· A sharper and intensive band at 2380cm-1 is not reported for others lignocellulosic fibers and not associated with any possible functional group. This needs to be further investigated.

· The evaluation of a crystallinity index by the ratio between the absorbance of bands at 1429 and 893 cm-1 gave an unrealistic value of 113%, which is not applicable to malva fiber FTIR.
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