Characterization of Banana Fibers Functional Groups by Infrared Spectroscopy
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ABSTRACT

A number of methods are available for characterization of the structural, physical, and chemical properties of natural fibers. Various methods are used for fiber identification like microscopic analysis, solubility, heating and burning technique density, staining etc. End-use property characterization methods often involve use of laboratory techniques which are adapted to simulate actual application as composite reinforcement. One of the newer techniques used on this kind of studies is the infrared spectroscopy. In fact, Fourier Transform Infrared (FTIR) spectroscopy is a valuable tool in the determination of functional groups actively interacting within a fiber. In this work, the banana fiber was evaluated by FTIR to reveal the functional groups and compare to similar works on other different types of banana fibers.
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INTRODUCTION
In the past two decades, particularly at the beginning of this new millennium, environmental issues related to climate changes, due to excessive greenhouse gases emission, as well as long term pollution, caused by disposal of non-biodegradable materials, are becoming of worldwide concern. Among possible solutions, the substitution of synthetic material by natural ones is increasingly being adopted. This is the case of glass fiber, which has been successfully used as reinforcement of polymer, in the so-called "fiberglass" composites in the last 60 years. However, the processing energy for the glass fiber fabrication, associated with the CO2 emission, and the difficult in recycling the “fiberglass” as a waste product, is motivating the replacement for natural fibers (1,2). Indeed, natural lignocellulosic fibers obtained from the plants are today not only extensively investigated, as demonstrated by several general and review articles (3-12), but also already applied in industrial sectors such as packaging, civil construction and vehicle fabrication 12-16.

In comparison to synthetic fibers the lignocellulosic fibers display important economical, social and technical advantages, additionally to the above-mentioned environmental benefits (10). Conversely, recognized drawbacks related to dimensional limitation, weak adhesion to polymers and relatively low thermal degradation are main restrictions to the engineering application of lignocellulosic fibers 3-12.
A relevant aspect of this class of natural material, which could also be counted as an advantage, is their larger number found in nature. If one imagine that all different types of woods are associated with distinct fibers, then over 10.000 are in principle, available (4,8). Actually, only a relatively small number of common lignocellulosic fibers like jute, hemp, sisal, flax, coconut, cotton, kenaf, pineapple, bamboo, and ramie, as well as a few types of wood fibers, are now considered for composite reinforcement (3). The reasons for this selection are both the worldwide availability and convenient mechanical properties. Another commonly accepted lignocellulosic fiber being studied as possible composite reinforcement is the banana fiber 17-20. Several banana plant species of the musacea family, including the abaca, also known as Manila hemp, present a pseudo-stem from which strong fibers may be extracted. Tensile strength of 800 MPa was reported for banana fibers of the specie Musa Sapientum with average diameter of 0.15mm (17). In the case of abaca (Musa Textilis) fibers with 0.10mm in diameter could reach over 1500 MPa (21).Other characteristics and properties of the banana fiber are listed in Table 1.
Table 1. Characteristics and Properties of the banana fibers17
	Cellulose Content (%)
	Hemi-Cellulose Content (%)
	Lignin Content (%)
	Density (g/cm3)
	Diameter (mm)
	Micro-Fibrillar angle (degrees)

	60 -70
	6 - 20
	5 - 10
	1,35 - 1,50
	0.05 - 0.25
	10 - 12


The effect of temperature on the banana fiber has also been the subject of few works (19,20). In general, water evaporation was found in between 35 and 116oC. DTG peaks in the interval 231-267°C were attributed to the degradation of hemicellulose and α-cellulose, respectively. Another relevant characteristic of any lignocellulosic fiber, like the banana pseudo-stem, is the participation of specific fiber molecular functional groups by means of Fourier Transform Infrared (FTIR) spectroscopy. According to Abraham et al (18) the FTIR spectra of cellulose, hemicelluloses and lignin, i.e., the main constituents of any lignocellulosic fiber, are composed of alkanes, esters, aromatic ketones and alcohols with different oxygen-containing functional groups. 

The FTIR characterization is an important indicative on the possibility of fiber integration with the environmental and composite polymer matrices. Furthermore, FTIR could also indicate the effective transformation occurring in the fiber molecular structure due to physical and chemical treatments. Peaks of FTIR spectra are assigned to molecular contributions that permit not only to interpret possible interactions but also to determine the crystallinity index. Table 2 presents some important infrared absorption bands characteristic of cellulignin samples (22,23).
Table 2. FTIR adsorption bands of lignin (22,23).
	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


Ibrahim et al20 presented FTIR results for banana fiber waste, without specifying the specie. Shibata et al 21 also presented FTIR results for abaca fiber. Figure 1 shows FTIR spectra adapted from both works (20,21).
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Figure 1 - FTIR spectra (a) untreated banana fiber waste (20), and (b) untreated abaca fiber (21).
A comparison between the two curves in Fig 2 reveals some common aspects such as the O-H stretching band around 3400 cm-1and the C-H /C-O deformation band around 1050 cm-1. By contrast, some bands like the C = O stretching around 1720 cm-1 exists in the abaca fiber (21), Fig 1(b), but not in the banana fiber waste (20), Fig 1(a). Moreover, both the stretching vibration for O-H and C-H are apparently more accentuated for the abaca, Fig 2(b) than the banana fiber waste, Fig 1(a).

Since the banana fiber waste investigated by Ibrahim et al (20) was not specified, one could not attribute the above-mentioned differences to distinct types of musacea or to dispersion of FTIR results. Thus the objective of the present work was to perform a FTIR analysis on a common banana fiber (Musa balbisiana) to clear these questions.
MATERIALS AND METHODS
The banana fibers used in this work were extracted from the pseudo-stem of a banana plant of the specimen (Musa balbisiana) whose fruits called "banana prata" (silver banana) are very much appreciated in Brazil. Figure 2 illustrates the banana plant, the pseudo-stem and corresponding fibers.
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Figure 2 - Banana plant (a), pseudo-stem (b) and extracted fibers (c).
The supplied banana fibers were cleaned in water and dried in the stove at 60°C for 2 hours. Characteristic of these fibers are presented elsewhere 24,25. In short, the mean equivalent fiber diameter was measured by profile projector as 0.18 .mm. The average density was calculated as 0.85 g/cm3.

The FTIR analysis was conducted in a model IR PRESTIGE 21-FTIR-SHIMADZU. The banana fiber sample was prepared according to the following procedure. First, the banana fibers were milled in a ceramic pestle until powder, which was then mixed with KBr particles, suitable for FTIR analysis. The compound was then pressed to produce a film in the condition required for testing.

RESULTS AND DISCUSSION
The FTIR spectrum for the untreated banana fiber is shown in the Fig. 3. In this figure one notice different absorption bands in the spectra from 4500 to 400 cm-1. The absorption band around 3400 cm-1 is certainly, Table 1, due to hydroxyl (OH) stretching vibration. According to Ibrahim et al (20), this O-H stretching may be associated with absorbed alcohols found in cellulose, hemicellulose, lignin, extractives and carboxylic acids, quoting Khan et al (26). The absorption band around 2900 cm-1 is due to C-H stretching (see Table 1), a characteristic of any natural fiber. The presence of a band at about 2350 cm-1 could not be identified with any molecular origin. The bands at 1750 cm-1  and around 1650 cm-1 may be related to  C = O stretching, as indicated in Table 1. According to Ibrahim et al (20), bands in these regions could be attributed to vibration of the aplha-keto carbonyl for cellulose. Bands in the range from 1370 to 1250 cm-1, Table 1, are associated with C-H deformation and lignin (syringic and guaiacyl ring breathing) as suggested by Ibrahim et al (20). Finally C-H and C-O deformation in Table 1 arises from ether linhage (27).
A comparison between existing FTIR spectra for banana (20) and abaca in the Fig. 1 with the results of the present work in Fig. 3 indicates some significant differences. This suggests that, within the same botanical family of musacea, distinct, types of fibers extracted from the pseudo-stem displays characteristic IR spectra. Indeed, the present work result of banana (Musa balbisiana) fibers spectrum, Fig 3, shows a relatively small O-H stretching band, 3400 cm-1, as compared to abaca fibers (Musa textiles), Fig 1 (b), but similar to the banana fiber waste (unspecified type) (19) in Fig. 1(a). On the other hand, the C-H and C-O deformation band, 1040 cm-1 in the present banana fiber, Fig. 3, is markedly more accentuated than the banana fiber waste in Fig. 1 (a), but similar to that of the abaca fiber in Fig. 1(b). Moreover the unidentified band around 2350 cm-1 in Fig 3, is apparently only a faint shoulder in the banana fiber waste, Fig. 1(a) and totally absent in the abaca fiber, Fig. 1(b), spectrum.
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Figure 3. FTIR spectra of common banana fiber (Musa balbisiana)

At this point of the present investigation, it is only possible to speculate that the relatively small O-H stretching band at 3400 cm-1 might be associated with limited reactive efficiency of the hydroxyl at the banana fiber surface. This could represent facility for water desorption as well as hemicellulose and lignin decomposition. The accentuated band at 1040 cm-1 might represent a difficult for ether radicals to decompose.
CONCLUSIONS

· The FTIR results for a banana fiber of the specie Musa balbisiana display sensible differences in comparison to already reported results for an unidentified banana fiber waste and abaca fiber, which are of the same musacea family.
· A clear adsorption band at 2350 cm-1 for the present work was not found in the other fibers. 

· The hydroxyl stretching band around 3400 cm-1 is relatively small as compared to the abaca fiber, but similar to the banana fiber waste. This would be associated with easier surface water desorption and hemicellulose/lignin decomposition. 
· The C-H / C-O deformation band around 1040 cm-1 is more accentuated than the corresponding in the banana fiber waste but surprisingly similar to that of the abaca fiber.
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