CHARACTERIZATION OF CURAUA FIBERS BY INFRARED SPECTROSCOPY
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ABSTRACT

Natural fibers obtained from plants are being investigated as possible engineering materials with application in polymer composite reinforcement. For instance, the lignocellulosic fibers extracted from the leaves of the curaua plant (Ananas erectifolius) display a reinforcement potential owing to their relatively high strength. However, the curaua fiber displays a poor adhesion with the polymeric matrix. In order to understand the curauá fiber interaction with a polymer matrix, the physical and chemical characteristics need to be evaluated. Among these characteristics, the infrared spectroscopy provides relevant information about the functional molecular groups and their possible interaction. Therefore, the objective of the present work was to analyze the FTIR of curaua fibers by means of transmittance spectrum obtained in the TRA method with a 60º angle. The result showed peaks corresponding to specific molecular interaction that are discussed and compared to other results.
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INTRODUCTION

The characterization of lignocellulosic fibers may require both structural analysis and determination of properties such as the density, tensile strength, elastic modulus, total deformation and thermal stability. Among the structural characterization, the Fourier Transform Infrared (FTIR) analysis is very often used to determine the active molecular functional groups in the fiber constituents(1-3). In fact, molecular groups movement may interact with transmitted infrared radiation causing energy absorption in specific wavelength. Functional groups such as O-H (hydroxyl), C-H, C=O, C-C and aromatic rings are present in the main constituents (cellulose, hemicellulose, lignin and pectin) of any lignocellulosic fiber(3). Consequently, the FTIR spectrum gives a characteristic signature for a lignocellulosic fiber in terms of functional groups activity. Table 1 presents some characteristic absorption bands found in lignin samples(2).
Table 1 - Important infrared absorption bands characteristic of lignin (2)
	Position (cm-1)
	Band Origin

	3450-3400
	O-H stretching

	3050-2840
	O-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 vibration

	1515-1505
	Aromatic ring vibration

	1470-1460
	C-H deformation

	1430-1425
	Aromatic ring vibration

	1370-1365
	C-H deformation

	1330-1325
	Syringyl ring breathing

	1275-1270
	Guaiacyl ring breathing

	1230-1220
	C-C, C-O stretch

	1172
	C-O stretching of conjugated ester group in glass lignins

	1085-1030
	C-H, C-O deformations

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



Among the less known lignocellulosic fibers, the curaua fiber has been investigated(4-11) for its potential as polymer composites reinforcement. The FTIR-spectrum reinforcement. The FTIR spectrum of the curaua fiber studied in the work of Tomczak et al (6) is shown in Fig 1.
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Figure 1- FTIR spectrum of curaua fibers (6).


According to the authors (6), the following points are worth noticing in Fig 1. A very weak and broad band at 3300 cm-1 is typical of O-H stretching of cellulose and water. A very strong band at 2950 cm-1 is typical of C-H stretching and others in the region of 1800-400cm-1 are typical of cellulose structural units. Tomczak et al(6) also mentioned a contrast to other results reported for curaua fibers of the same source(12) and suggested that the difference between both results may be due to small amounts of absorbed water.


Not only water but also other factor such as the crystalline structure might also cause sensible differences in the FTIR spectra. Therefore the objective of this work was to conduct a FTIR analysis of curaua fiber from a different supplier and compare to results previously reported from the same research group(6).
EXPERIMENTAL PROCEDURE

Curaua fibers extracted from the leaves of the Ananas erectifolius plant illustrated in Fig 2, was supplied by the Brazilian firm Amazon Paper as a bundle also shown in Fig 2.
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Figure 2 - Curaua plants(a) and the supplied bundle of curaua fibers (b)

The distribution of 100 randomly curaua fibers, taken from the bundle, Fig 2(b), revealed an average equivalent diameter of 70μm with a dispersion interval from 30 to 150 μm. The curaua fibers selected from the as-received lot, Fig 2(b) were water cleaned and then dried in a laboratory stove at 60oC for 2 hours. Characteristics properties obtained for these fibers were average tensile strength of 404MPa, elastic modulus of 17.4GPa and density of 0.97g/cm3. Curaua fibers samples were initially hand-milled in a pestle. The obtained powder was mixed with potassium bromide and then pressed into a small, 1mm thick disc, used for the recording the spectra. The FTIR analysis was performed in a model Prestige 21, Shimadzu spectrometer, as shown in Fig 3, in a wavenumber range from 400 to 4000 cm-1.
[image: image3.jpg]



Figure 3 - Shimadzu Spectrometer, for FTIR analysis.
RESULTS AND DISCUSSION



The FTIR spectrum for the curaua fiber investigated in the present work is shown in the Fig. 4. In this figure one way may notice the different absorption bands that could be compared with the results of the Tomczak et al(16) in the range form 400 to 4000 cm-1 of wavenumbers.
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Figure 4 - FTIR spectrum of the presently investigated curaua fiber.


In Fig 4 the following main bands are worth discussing. The band around 3400 cm-1, as indicated in Table 1, is certainly due to O-H stretching. According to Khan et al(13) this hydroxyl (OH) stretching vibration may be associated not only to adsorbed water but also to alcohols found in the cellulose, hemicellulose, lignin, extractives and carboxylic acids that compose any lignocellulosic fiber such as the curaua. The absorption band around 2900 cm-1 is due, see Table 1, to C-H stretching a common functional group characteristic of organic macromolecules found in natural fibers. The faint band around 2100 cm-1 could not be associated with any functional molecular group. The bands at 1740 cm-1 can be attributed to C=O stretching in association with ester or carboxylic groups found in the lignin of the curaua fiber. The band at 1630 cm-1 can also be attributed to C=O stretching but probably associated with aromatic rings also composing the lignin. The bands in the range from 1440 to 1380 cm-1 could be assigned to C-H deformation, see Table 1, in the curaua macromolecules. The band around 1270cm-1, according to Table 1, is associated with guaiacyl ring breathing of the curaua fiber lignin. The strong band at 1050 cm-1 with shoulders around 1120 to 1170 cm-1 could be ascribed to C-H and C-O deformation coupled with C-O stretching of conjugated ester groups existing in the curaua fiber. Finally the broad band around 620 to 700 cm-1 might be associated with -CH- bond from aromatic groups, as suggested by Bessadok et al(14).

A comparison between the present result in Fig 4 with that of Tomczak et al(6) in Fig 1 reveals very close main bands. This indicates that the curaua fiber from different sources or seasons conditions possess similar interaction with infra-red radiation. Actually, minor distinction may be detected by comparing both curves. The first is the sharp O-H stretching band around 3400 cm-1 which is apparently sharper in the present work curaua fiber. One may speculate that the hydroxyl in our curaua fiber might be more reactive or, as proposed by Tomczak et al(6), could be a consequence of different amount of absorbed water. A second  minor distinction is the sharper and more intense band around 1740 cm-1 for Tomczak et al(6) curaua fiber. This band was not specifically mentioned by those authors(6) but the difference could be a more active C=O functional group of the lignin, ester or carboxylic in their curaua fiber. Here it is important to mention that, in spite of the similarities between the two FTIR, Fig 1 and 4, the interpretation of the both results are relatively different. In particular, Tomczak et al(6), failed to discuss the specific bands existing between 1000 and 400 cm-1, which were just indicates as typical of cellulose structural units. As  aforementioned, some of these bands, table 1, are certainly related to lignin compounds and not cellulose structural parts.
CONCLUSIONS

· The FTIR results for curaua fibers showed a great similarity with another result obtained by a distinct research group.
· Minor differences such as a sharper O-H stretching band around 3400 cm-1 could be an indication that the hydroxyl in the present work curaua fiber might be more reactive or the fiber adsorbs more water.

· Another difference is the sensibly less intensive C=O stretching band of the present work curaua fiber, which indicates a less active ester or carboxylic functional group of the fiber's lignin.
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