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Abstract
Patauá is very little studied palm tree of the Amazonia that shows lignocellulosic fibers covering the seed that can be 
easily removed. This work aimed to determine some properties of the patauá mesocarp fibers in the raw and alkali treated 
conditions for biomaterial applications. The wastes from the depulping of the patauá were obtained in commercial 
establishments at Macapá-Amapá-Brazil. The fibers were manually removed from the seeds. One portion of 10 g of fib-
ers was treated by immersion in 1000 mL of sodium hydroxide (NaOH) aqueous solution at 5% kept at 100 °C for 1 h and 
under mechanical stirring. The following characterizations were performed: fiber length; scanning electron microscopy; 
width measurement; and basic density. The patauá mesocarp fibers are actually fiber bundles with erosions in the cell 
wall blocked by protrusions. They are suitable for large-scale production in both raw and alkali treated conditions. The 
improvements achieved by alkali treatment includes unblocking of superficial erosions, decrease of the width, length 
and basic density of the fibrous units, and increase of crystalline index. Individualization of fiber cells was not completed 
by the alkali treatment proposed in this work.
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1 Introduction

Brazil´s broad climatic and geomorphologic variety is 
responsible for the several important biomes and ecosys-
tems, which lodge about 10% to 20% of the world’s known 
living species. Among them, the highest biodiversity is in 
the Amazon rainforest, which maintains a dynamic and 
suitable environmental heterogeneity for palms (Are-
caceae) diversification [1].

Patauá (Oenocarpus bataua Mart.) is a palm that occurs 
throughout all the Amazonia [8]. The term Oenocarpus 
that names the genus concerns its most traditional use, 
the fruit juice commonly named wine (oinos = wine; kar-
pos = fruit) for food [2]. The depulping process to obtain 

the wine is similar to the one used for the well-known açaí, 
after which a waste composed of the seeds covered by 
hard lignocellulosic fibers that can be easily removed by 
hand remains [5].

Plant fibers are very attractive for biomaterials produc-
tion due to properties such as high content of cellulose, 
low density, non-abrasiveness, nontoxicity, low cost, and 
biodegradability. However, the lack of good interfacial 
adhesion between fibers and matrix, low melting point, 
and water sensitivity make the use of plant fiber-reinforced 
composites less attractive [11]. Some drawbacks hindering 
plant fiber application may be overcome through alkaline 
treatment, which increases surface roughness resulting in 
better mechanical interlocking and raises the amount of 
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cellulose exposed on the fiber surface, thus increasing the 
number of possible reaction sites [14].

Up to this moment, most investigations on patauá con-
cern ecological aspects [4] and nutritional value of the fruit 
[17], hence the potential of the apparently very rigid fib-
ers covering the surface of the patauá’s seeds for bioma-
terials purposes needs to be explored for the first time. 
Therefore, this work aimed to determine some properties 
of the patauá mesocarp fibers in the raw and alkali treated 
conditions that are relevant for biomaterial applications.

2  Materials and methods

The wastes from the depulping of the patauá were 
obtained in one commercial establishment at Macapá-
Amapá-Brazil, which hosts Amazon Forest. The material 
was washed and the fibers were handily removed from the 
surface of the seeds (Fig. 1). One portion of 10 g of fibers 
was treated by immersion in 1000 mL of sodium hydroxide 
(NaOH) aqueous solution at 5% kept at 100 °C for 1 h and 
under mechanical stirring.

The following characterizations were performed: fiber 
length using a caliper with 0.001 cm of precision; scanning 
electron microscopy (SEM) using a TM3030 Plus (HITACHI) 
microscopy at 10 kV; width using the Software ImageJ to 
measure the fibers of the SEM micrographs; and basic den-
sity according to Wakiyama et al. [22].

The variables width, length, and basic density of the raw 
and alkali-treated fibers were compared using Students’ 
t-tests at 5% of significance.

The diffractograms were recorded on a PANalytical 
diffractometer model X´Pert Pro 3 MPD (PW 3040/60) 
with a goniometer PW3050/60(θ–θ), operating at 40 kV, 
40 mA, and Cu (Kα1 = 1,540,598 Å) radiation, and Kβ filter 
of Ni. The samples were placed on aluminum holders and 
scanned in 2θ min−1 ranges varying from 5.0° to 37.5°. The 
crystalline index (CI) was calculated from the maximum 
intensity of the (002) crystalline peak and the minimum 
intensity between the two main crystalline peaks (Eq. 1), 
as recommended by Segal et al. [21].

where
CI = crystalline index (%) (a.u.);
Iam = intensity between the two main crystalline peaks 

located at 2θ = 18° (a.u.);
I002 = maximum intensity of the (002) lattice diffraction.

3  Results and discussion

The SEM micrographs illustrated numerous erosions on 
the outer surface of the patauá fibrous units witch are 
completely obstructed in the raw condition, but cleared 
after alkali treatment. In the raw condition the structures 
are round-shaped, while they are flat shaped and show 
smaller width after alkali treatment (Fig. 2).

Other works showed that the protrusions that block the 
fibers of palms are composed of silica [6, 13]. These struc-
tures have already been identified in the fibers from other 
parts and species of palm trees, like in the waste empty 
fruit bunches of oil palm Elaeis guianensis [13] and in both 
the seed and mesocarp fibers of Euterpe oleraceae [6]. The 
removal of silica and other surface impurities as observed 
for the treated in comparison to raw patauá fibrous struc-
tures (Fig. 2a, d) can be expected to improve the adhesion 
properties of the fibers to binders and ultimately improve 
the properties of the composite [16].

Besides the shape, the alkali treatment of patauá fibers 
resulted in surface modification involving removal of the 
surface impurities (Fig. 2b, e). Alkali treatment with sodium 
hydroxide (NaOH) removes natural fats and waxes from 
the cellulose surfaces thus revealing chemically reactive 
functional groups like –OH and improving the fiber–matrix 
interface bonding [16].

The reduction of the width in the treated condition 
(Fig. 2b, e) may be attributed to lateral cleaving among 
fiber structures which occur bonded to each other by 
amorphous materials forming bundles in the raw condi-
tion (Fig. 2c). In alkaline condition, amorphous hemicel-
luloses are easily hydrolyzed, while lignin may be decom-
posed into soluble fragments of low molecular weight [3]. 
It should be noted that the alkali treatment turned indi-
vidual fibers slacked from each other, but not completely 
separated (Fig. 2f ). For the production of composites in 
the industry scale, fiber bundles are weak points in the 
composites which make little contribution to strength and 
toughness [23]; hence alkali-treated patauá fibers are more 
suitable for application as reinforcements.

The alkali treated patauá fibers showed significant 
decrease of the width, length and basic density in com-
parison to raw patauá fibers (Table 1). 

(1)CI = ((I_002 − Iam)∕I_002) ∗ 100

Fig. 1  Separated fibers and seeds of patauá
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After alkali pretreatment the length of the fibrous 
units decreased by about half in relation to raw fibrous 
units, which may be attributed to the removal of non-
cellulosic components (lignin and hemicelluloses) and 
individualization of the fibers that may be primarily 
attached to each other [12], but not completely aligned 
by their extremes across their length, as showed in Fig. 3.

Another reason for fiber shortening would be disrup-
tion of destruction of crystalline zones of the cellulose 
microfibrils [18], which may be analyzed through X-ray 
diffraction discussed later on. Fiber length decrease is 
disadvantageous because pull-out effect is easier when 
the fibers are applied as composite reinforcement [9]. 
It should be noted that neither width nor the length 
showed by patauá fibrous units correspond to individual 

fiber cells for sure, which would demand microscopic 
analysis of macerates.

High aspect ratio of the fibrous units (length/diameter) 
applied as reinforcement may contribute to increased 
mechanical strength of composite materials [20]. The alkali 

Fig. 2  Morphology of the raw (a, b, c) and alkali treated (d, e, f) patauá fibrous units analyzed by SEM micrographs. Arrows highlight 
blocked and unblocked erosions in the surface of raw (a) and treated (d) conditions, respectively

Table 1  Mean ± standard deviation of the properties of the raw and 
alkali treated patauá mesocarp fiber bundles

* Significant according to Students’ t test at 5%

Trait Raw Alkali treated Student t value

Width (mm) 0.27 ± 0.15 0.19 ± 0.75 3.2366*
Length (mm) 25.14 ± 5.49 12.72 ± 4.91 11.6009*
Basic density 

(g.cm−3)
0.852 ± 0.061 0.484 ± 0.15 11.9398*

Fig. 3  Scheme of the hypothesis for patauá fiber shortening 
through alkali treatment
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pretreatment decreased this parameter due to consider-
able decrease in fibrous unit length. Raw and alkali treated 
patauá fibrous units exhibited mean aspect ratio of 93 and 
67, respectively, which classifies them as suitable for large-
scale production because the diameter multiplied by 100 
is higher than the length [10]. For composites produced 
with short fibers, the fibers are usually randomly dispersed 
within the matrix. Due to the short length of the fibers, the 
improved properties imparted to the composite from the 
fibers is limited, but this can be improved by aligning the 
fibers in the load direction [7].

The decrease of the basic density after alkali treatment 
may be attributed to the partial removal of non-cellulosic 
components and the increase of the porosity of the fibrous 
units as observed in the SEM images. The lower density in 
the treated patauá fibrous units may be advantageous if 
the matrix fills the unblocked piths increasing the strength 
of the composite [19]. The basic density of the raw patauá 
fibers is close to that found for similar açaí mesocarp fibers 
of 0.812 g.cm−3 [5].

The X-ray diffractograms show peaks related to cel-
lulose I around 2θ = 16° e 22°, which corresponds to 101 
and 002 planes, respectively. The later peak corresponds to 
the native cellulose peak. The same pattern was observed 
for alkali treated patauá fibers. However, the peak located 
at 22° of the treated fibers showed shape alteration with 
decrease in the width, besides a remarkable raise of the 
crystalline index from 42% to 59% (Fig. 4). The intensity 
and thinning of the peaks of the alkalinized fibers charac-
terize the removal of non-cellulosic components, which 
raises the proportion of cellulose and, consequently 
the crystalline index. This condition provides improved 

toughness and tension strength for the fiber [15]. In addi-
tion, the increase of the crystalline index indicates that 
length shortening of the fibers is probably related to the 
fiber isolation instead of to the degradation of the crystal 
zones of the cellulose microfibrils [18].

4  Conclusions

The patauá mesocarp fibers are actually fiber bundles with 
erosions in the cell wall blocked by protrusions. They are 
suitable for large-scale production in both raw and alkali 
treated conditions. The improvements achieved by alkali 
treatment includes unblocking of superficial erosions, 
decrease of the width, length and basic density of the 
fibrous units, and increase of crystalline index. Individuali-
zation of fiber cells was not completed by the alkali treat-
ment proposed in this work.
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