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many aromatic rings are phenolic groups. The acidity of the
phenolic hydroxyls would thus explain the acidic surface
observed on these fibers. The surface of the fibers treated
with ionized air for 5h exhibited the most strongly acidic
character (AN /DN =2.1) (Table 1). The longest treatment
with ionized air (5h) may have oxidized some -OH groups
on the surface of the jute fiber to the carboxylic acid group
(-COOH), increasing the acidic character of the surface. It
is important to highlight that this treatment only affected the
surface of the fibers, making it hard to detect the presence
of'the carboxyl groups, for instance by FTIR or solid NMR,
owing to the very low concentration of the acid groups.
The other treatments led to fibers with AN /DN_ equal to
that of untreated fiber (Table 1), so that these fibers can be
considered practically amphoteric.

The AN/DN_ ratio for the phenolic matrix was 1.4,
as determined in a previous study!l. The predominance

of acidic sites on the phenolic polymer is probably a
consequence of the acidity of the phenolic hydroxyl groups
present in the structure of this matrix. Thus, the acidic
character of the surface of the fibers treated with 10%
NaOH or ionized air for 5h would favor fibers-phenolic
matrix interactions at the interface.

The tensile strength and percent elongation at break
of the untreated fiber were 460MPa and 0.7%, and, for
the 10% NaOH-treated fibers, approximately 900MPa
and 2%, respectively. Probably, the treatment with the
most concentrated aqueous alkaline solution introduced
modifications in the internal parts of the fibers, rendering
the interfibrillar region less rigid and giving the fibrils
greater freedom to align with the direction of deformation.
The treatment with ionized air for 1 and 3h, as well as that
with 5% NaOH, did not lead to significant changes in these
parameters, relative to the untreated fiber. However, the

Figure 1. (a) Tensile strength of untreated and treated jute fibersplotted against elongation at break. (IA= ionized-airtreatment) (errors
approximately 9% for all measurements); (b) Impact strength (errors approximately 6% for all measurements) of phenolic composites
reinforced with untreated and treated jute fibers plotted against fiber surface energy. SEM images of the surface of jute fibers: (c) untreated;
(d) alkali treated (10%NaOH) (e) IA-5h. SEM images of the impact fracture surface of phenolic composites reinforced with jute fiber

untreated; TA-3h; (h) alkali treated (10% NaOH).
g
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fiber treated with ionized airfor 5Sh showed a tensile strength
of 395MPa and 0.5% maximum elongation, suggesting
that the mechanical properties of the fiber were affected
by longer ionized air treatment, which was also reflectedin
the performance of the fiber as reinforcement, as will be
discussed later (Figure 1b).

When Figure 1d is compared with 1¢ (untreated fiber),
it can be seen that the alkaline treatment led to a certain
separation of fiber bundles. The treatment with ionized air
(5h, 1e) led to a rougher surface, compared to the untreated
fiber (1c). Both observed effects may have facilitated the
impregnation of the fiber by the phenolic pre-polymer and
further by the matrix. The other treated fibers (5% NaOH,
ionized air for 1 and 3h; figures not shown) exhibited
surfaces with features intermediate between those shown
in Figures 1c, 1d and 1le.

Figure 1b shows that jute fiber is a good reinforcing
agent for the phenolic matrix, because the impact strength
increased from 12.6 Jm™' (unreinforced thermoset) to
72.6 Jm™' (composite reinforced with untreated jute). The
mechanical properties of the fibers have an influence on
their action as reinforcement in composites. In addition,
the impregnation of the fibers by the pre-polymer, as well
as the strength of interaction between the two, can further
influence the load transfer at the interface, and thus the
mechanical properties, such as impact strength, of the
composite.

The greater separation of fiber bundles (Figure 1d)
and roughness (Figure le), as well as the lower degree
of crystallinity (Table 1) of the treated fibers, led to an
increase in the wettability of the fibers by the pre-polymer,
further improving the fiber/matrix binding at the interface.
Figures 1f, 1g and 1h show SEM images of the fractured
surfaces of the composites reinforced with untreated fibers
and fibers treated with 10% NaOH and ionized air for 5h,
respectively. These images confirm that the adhesion at
the interface was improved when the fibers were treated.
The fractured surface of the other composites (figures not
shown) exhibited interfaces intermediate between those
shown in Figures 1f and 1g, 1h. Figure 1b shows that
the impact strength of the composites increased with the
dispersive component (v,”) of the fibers, except for the fiber
treated with ionized air for Sh.

The results plotted in Figure 1b confirm that the
treatments strengthened the fiber/matrix interactions at the
interface, However, although the treatment with ionized
air for 5h led to a decrease in crystallinity (Table 1), to a
rougher surface (Figure 1¢) and a higher value of y,”, that
is, to properties that favor the adhesion at the fiber-matrix
interface, the tensile properties of the fibers indicated that
the treatment weakened the fiber (Figure 1a). Thus, although
the load transfer from the matrix to the fibers was promoted
by the very good adhesion at the interface of this composite
(Figure 1g), the load was transferred to a weakened fiber,
resulting in lower impact strength than other composites.
The best result of impact strength was exhibited by the
composite reinforced with the fibers treated with 10%
NaOH (Figure 1b), which also exhibited the best tensile
properties (Figure 1a). The AN/DN_and y,” of this fiber
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and the phenolic matrix were, respectively, 1.8 (Table 1)
and 1.4, 26 mJm (Table 1) and 34 mJm ", which points
to good interactions between both the nonpolar and polar
domains of the fibers and the phenolic matrix.

Conclusions

Jute fibers were subjected to treatments of ionized
air and mercerization (aqueous alkaline solution), which
resulted in changes in the morphology, dispersive energy
and acidic character of their surfaces, as well as reducing the
fiber crystallinity. These changes led to an increase in the
wettability of the fiber by the phenolic pre-polymer, as well
as to enhancing the fiber/matrix interactions at the interface
ofthe composites. In general, these treatments improved the
fibers properties, the adhesion at the interface was stronger
in the composites reinforced with treated fibers, than in the
one reinforced with untreated fibers. However, the set of
results indicated that, when fibers are subjected to these
treatments, there should be a balance between the positive
changes in their properties, such as the surface energy and
acid/base character, and the preservation of their mechanical
properties. The fiber treated with ionized air for Sh exhibited
some favorable properties for its use as reinforcement in
the phenolic matrix, but the partial degradation of the fibers
during the treatment impaired their tensile strength, and thus
their action as reinforcement of the matrix.
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