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Abstract - The surface of natural Brazilian amazonic fibers (curaua, Ananas erectifolius) was modified with polyaniline 
nanoparticles, through in-situ preparation of polyaniline nanoparticles in presence of the curaua fibers. As it was shown 
here,  this modification allowed a very significant  increase of  the electrical  conductivity of the fibers (about  2.500 
times).  The modified materials  were  also characterized by FTIR (Fourier  Transform Infrared Spectroscopy),  AFM 
(Atomic Force Microscopy) and SAXS (Small Angle X-ray Scattering) and the obtained results were used to explain 
some of the chemical and morphological aspects of the materials.
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Introduction

Replacement of synthetic fibers by natural ones is very encouraged today for several reasons 

such as a most responsible use of planetary resources, easiest biodegradability behavior and cost 

reduction.  Natural  fibers  are  used  as  fillers  of  plastics,  increasing  mechanical  properties  and 

decreasing weight, making stronger and lighter composite materials. Recently, these materials have 

gained  widespread use in  the automobile  industry,  taking part  of polypropilene  or  polyethilene 

composites [1]. However, these composite materials present frequently lower mechanical properties 

due to reduced fiber–matrix compatibility. This problem can be overcome by chemical modification 

of the fiber's surface. Most ordinary treatment uses alkaline solutions  [2-5],  which removes waxy 

materials  and  impurities,  leading  to  a  better  interfacial  bonding interaction  between fibers  and 

polymeric matrix. 

Among natural fibers, curaua - extracted from a kind of Amazon pineapple plant - is a very 

interesting  one.  This  plant  is  composed  by a  ligno-cellulose  material  [6-8] which  possess  tensile 

strength around 10 times higher than that of sisal and jute [9,10]. There is an increasing demand of this 

natural  resource  by  automobile  industries  such  as  Mercedes  Benz  Company  and  Volkswagen 

Company [1, 6], mainly due to its good mechanical properties. 

Our  interest  in  the  modification  of  curaua  with  nano-particles  of  polyaniline  (PAni)  is 

primarily  focused  on  improving  electrical  conductivity,  using  very  small  amount  of  synthetic 

conductive  polymer.  The  improvement  of  the  electrical  conductivity  is  very important  because 



allows the use of this  fiber in cheap smart  devices.  Thus,  natural  fibers would also be able  to 

respond to external signals such as pressure  [11] or even temperature changes. Thinking about car 

industry,  these smart  fibers may be very useful, providing in time information to adjust vehicle 

parameters related with passengers’ comfort.  For this reason, in the present work, curaua fibers 

were modified with nano-particles of Pani.H2SO4. Aiming to understand the modification nature, 

materials were characterized by techniques such as volume resistivity, FTIR, AFM and SAXS.

Experimental

Materials

Aniline (analytical grade from Vetec, Brazil), ammonium peroxydisulfate (APS) (analytical 

grade from Vetec, Brazil), sulfuric acid (analytical grade from Vetec, Brazil) and curaua (kindly 

supplied by Amazon Paper Ltda, Brazil) were used as received.

Preparation of curaua fibers modified with PAni.H2SO4

Curaua fibers (~ 3.0 g) were initially treated with 50mL of aqueous H2SO4 solution (1M) 

along 12h at ambient temperature. Then, aniline was slowly added into the acidic solution and the 

resulting mixture was cooled down to 0 ºC with the help of an ice bath. After 2h, 10 mL of aqueous 

H2SO4 solution (1M) containing APS were added into the mixture under continuous stirring. The 

aniline / APS molar ratio was kept equal to 1:1. The total polymerization time was always equal to 

6h. The polymerization was terminated by pouring the mixture into ethanol. Fibers were washed 

several times with water and ethanol and dried under vacuum for 48h at room temperature.

Characterization

FTIR experiments were performed in a Nicolet 6700 Spectrometer, using a MCT-B detector 

and a diffuse reflectance accessory.

Wide and small X-ray scattering (WAXS / SAXS) measurements were performed using the 

beam line of the Brazilian Synchrotron Light Laboratory (LNLS, Brazil - D11A -SAXS1 # 6597/07 

and  #7086/08).  This  beam line  is  equipped  with  an asymmetrically  cut  and  bent  silicon  (111) 

monochromator (λ  = 1.743 Å), which yields a horizontally focused X-ray beam. A linear position 

sensitive  X-ray detector  (PSD) and a  multichannel  analyzer  were used to  determine  the SAXS 

intensity,  I(q), as function of the modulus of the scattering vector  q = (4π /λ )sinθ,  2θ being the 

scattering angle. All SAXS spectra were corrected for the parasitic scattering intensity produced by 

the collimating slits, for the non-constant sensitivity of the PSD, for the time varying intensity of 

the direct synchrotron beam and for differences in sample thickness. Thus, the SAXS intensity was 
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determined for all samples in the same arbitrary units, so that they can be directly compared to each 

other.  Since  the  incident  beam cross-section  at  the  detection  plane  is  small,  no  mathematical 

deconvolution of the experimental SAXS function was needed.[12]

Electrical resistivity measurements of tested materials were performed with the conventional 

two-electrode  method  on  pressed  pellets  of  composite  materials  prepared  at  room temperature 
[11,13,14].  Measurements  were  performed  using  a  home-made  sample  holder  coupled  in  a  Tenma 

72-6900 multimeter. Average diameter of the sample holder is equal to 0.135 ± 0.03 mm.

Results and Discussion

FTIR spectra of  curaua fibers obtained after each of the proposed preparation steps are shown in 

Figure 1.

Figure 1 - FTIR spectra of curaua fibers obtained after each of the proposed preparation steps.

The wide band placed around 3333 cm -1 is related to the stretching of OH. (This band is 

wide because of the hydrogen bonds.) The doublet placed at 2918 cm-1 and 2852 cm-1 is related to 

C-H stretching. The characteristic peak placed at 1729 cm-1 is related to C=O acid stretching, while 

the characteristic peak placed at 1633 cm-1 can be assigned to the conjugated C=O aldehyde and 

C=C stretching. [15] The band placed at 1426 cm-1 corresponds to the C-C stretching of the aromatic 

ring (aromatic skeleton vibration), although it can also be related to the O-H scissoring deformation 

in-the-plane of the ring, as indicated by the peak placed at 1315 cm-1. The C-H stretching can be 

observed at  1370 cm-1.  The characteristic band placed at  1245 cm-1 is related to C=O aromatic 

stretching.  The  peak  at  1203  cm-1 corresponds  to  the  C-O-C asymmetric  stretching,  while  the 
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symmetric stretching of this bond appears at 1100 and 1035 cm-1. The characteristic bands placed at 

1160 cm-1 and at 1035 cm-1 are related to the O-C-C stretching, so that the band at 1035 cm-1 is 

conjugated (C-O-C and O-C-C). The bands observed at 898 and 659 cm-1 are assigned to the C-H 

scissoring deformation in the aromatic ring. [16,17]

Comparison between the FTIR data obtained for curaua fibers before and after treatment 

with  H2SO4 shows  that  the  characteristic  band  at  1245  cm-1 disappears  after  treatment.  This 

indicates that sulfuric acid reacts with the C=O bonds that are present in the aromatic rings of 

lignine. As the characteristic S=O band (in the range between 1070 and 1030 cm-1) is absent after 

treatment, it may be concluded that treated fibers do not contain sulfur. 

The FTIR spectrum obtained after the aniline salt formation presents two new characteristic 

bands. The first one, placed at 819 cm-1, is related to the C-H scissoring deformation in the aromatic 

ring,  indicating  the  highest  H  content  of  the  sample.  The  second  one,  placed  at  1575  cm-1, 

corresponds to the N-H symmetric scissoring deformation in–the–plane and it appears at 1575 cm-1. 

The appearance of these two new peaks might already be expected, as aniline molecules present 

both C-H and N-H bonds. 

Morphology of the curaua before and after modification with PAni.H2SO4, obtained from 

optical microscopy, is shown in Figure 2.

 

(a)

 

(b)
Figure 2 - Optical micrograph of the original curaua fiber (a) and of curaua fibers modified with PAni.H2SO4 (b)

Figure 2(a) shows the non-modified curaua fibers while Figure 2(b) shows the curaua 

modified with PAni. It is very interesting to observe that, after modification, fibers acquire a 

green  characteristic  coloration,  intimately  related  with  polyaniline  in  protonated  form. 

Figures 2(a) and 2(b) also show that fibers possess a cilindrical shape and a larger aspect 

ratio (relationship between length and diameter of a fiber),  which, in composite field, is 

related to ability to improve mechanical properties [18,19].
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Figure 3 shows SAXS profiles for the original curaua fibers and for modified curaua fibers. 

One can observe multiple FWHM (full-width at half-maximum) peaks in the 1.7 – 3.5 nm-1 range. 

Baseline  subtraction  and  peak  deconvolution  (minimum  correlation  of  0.998)  were  performed 

before data analyses, which indicate the existence of nanometric spatial heterogeneities. [12] 

(a) (b)
Figure 3 – Deconvolution of SAXS data for curaua fibers (a) and  modified curaua fibers (b).

Gaussian deconvolutions of the SAXS data are able to show that, in comparison with pure 

curaua, new structures are present in modified curaua fibers (centered at 3.05 nm-1 and 3.46 nm-1), 

suggesting the formation of distinct PAni nanoparticles on the curaua surface. [11,20]

Electric results are also very exciting. Electrical conductivity of the original fibers is equal to 

(4±1)x10-8 S/cm. After modification with a very small amount of PAni.H2SO4, equal to 2±1 wt%, 

electrical  conductivity increases ~2500 times,  reaching (1.01 ± 0.01)x10-4 S/cm. Although these 

may be regarded as low conductivity values, [20] modified fibers can be used for manufacture of 

electronic devices that are fed by 9V batteries, as usually employed when safe human applications 

are pursued, including applications in the automobile industry.[20,21] 

Conclusion

A new kind of conductive material was introduced. This material was obtained from the 

modification  of curaua  fibers with PAni.H2SO4 nanoparticles.  The  produced material  is  able  to 

reach satisfactory electrical conductivity using very small amounts of polyaniline. Thus, the present 

material combines good electrical response with low costs, adding value to a natural resource useful 

in automotive industry.
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