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ABSTRACT: Corona-treated wood flour was evaluated as
a filler for NBR ({nitrile butadiene rubber) compounds by
studying its influence on their cure characteristics and me-
chanical properties. The different operating conditions of the
corona treatment, such as voltage and duration, which led to
different degrees of surface etching, were observed by
means of electron microscopy. Accumulation of different
oxygen-containing groups on the wood flour particles’ sur-
face was confirmed by means of ESCA. Wood flour-iilled
materials were thus obtained with varying final properties.

The cure characteristics, mechanical parameters, and water
adsorption of the composites were estimated to determine
an optimum level of the wood flour surface modification.
The corona treatment of the wood flour renders it into a
semiactive filler. © 2003 Wiley Periodicals, Inc. ] Appl Polym Sci
91: BB3-889, 2004
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INTRODUCTION

In a previous investigation' we studied the effect of
nonmodified conifer wood flour in nitrile butadiene
rubber (NBR) and NBR/poly(vinyl chloride) (PVC)
compounds. We found that filling compounds with
wood flour offers the possibility of obtaining high
modulus, highly elastic or less elastic, or rigid wood-
like vulcanizates by varying both the filling level and
the NBR/PVC mass ratio. Generally nonmodified
wood flour acts as a nonreinforcing filler. During the
past few decades, there has been increasing interest in
surface engineering of filler particles aimed at improv-
ing the interface interaction of filler particles/polymer
matrix and thus the filled polymers’ properties.

There are a number of reports in the literature about
wood chemical modification oriented mainly toward
increasing the hydrophobicity of wood. For example,
Domininghaus® reported on the impregnation with
vinyl monomers followed by drying and a radical
polymerization. Other authors described an impreg-
nation by phenolformaldehyde resin,** furfural, * or
some wood extracts,® for example.
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Lately some studies have reported about the chem-
ical modification of cellulose fibers that improves their
interaction with rubber matrices. Flink and Stenberg’
grafted allyl acrylate or allylmethacrylate onto short
cellulose fibers that resulted in better wetting and
increased adhesion to a natural rubber (NR) matrix.
Ahlblad et al.* grafted butadiene or divinylbenzene by
plasma treatment. The formation of a layer on the
fibers’ surface, which is a conceivable way of improv-
ing the mechanical properties of NR composites, has
been achieved. However, a more homogeneous acti-
vated fiber surface has been obtained by electron irra-
diation instead of the more variable plasma tech-
nique.” Nowadays, it seems that the natural fiber—
reinforced polymers have made a comeback.'’

Scanty information about wood flour modification
directed to its application as a soft filler in polymer
composites or rubber compounds may be found in the
technical literature. Marcovich et al.!' esterificated
wood flour and used it as a thermosetting filler for
unsaturated polyester-styrene resins. Alma and
Shirashi'? phenolated (in the presence of sulfuric acid
as a catalyst) birch wood flour and tested the obtained
phenolated wood resin as a thermosetting material.
Corona treatment is a commercially implemented
method for oxidative treatment of polymers."*'* Sur-
face etching and accumulation of oxygen-containing
groups develop simultaneously during treatment in
the range of oxygen-containing cold plasma (Fig. 1).
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TABLE III
Changes in the Mechanical Parameters of NBR Vulcanizates Filled with 50 phr Wood Flour, Nonmodified
or Corona-Treated, Under Different Operating Conditions

Mix ne. Voltage (kV) Treatment duration (min) Ao (%) Ae (%) Shore hardness (units)
1 — — -11.0 -16.8 +4
2 6 3 -10.2 -20.4 +6
3 6 5 e -19.7 ]
4 6 10 -10.3 -129 +5
5 6 15 -11.8 ~17.9 +7
6 8 3 =120 -20.1 +2
7 B 5 -10.9 -16.2 +6h
8 % 8 10 =10.0 -179 +4
9 8 15 -9.3 ~16.1 =£h

10 10 (-1 —-9.6 179 +3
11 10 i -10.1 -16.5 +5
12 10 10 -11.0 -12.0 +6
13 10 15 ~12.2 -18.0 +4

sented in Table IV. It is evident that the water adsorp-
tion of all NBR vulcanizates is generally low (<11.6 wt
9%), indicating that the wood flour particles are well
encapsulated within the rubber matrix. However, the
water adsorption data demonstrate a tendency to
slightly increase in the compounds containing corona-
treated wood four compared to the control compound
containing the same amount (50 phr) of nontreated
wood flour (compare mixes 2-13 and mix 1 in Table
IV). This could be attributable to some hydrophilicity
of the corona-treated wood flour as a result of the
accumulation of surface oxygen-containing groups.
The wood flour must achieve appropriate surface hy-
drophobicity to*obtain vulcanizates with lower water
adsorption.

Electron microscopy observations

All changes observed in the mechanical parameters of
the wood flour—filled NBR compounds could be the
result of both the wood flour surface etching and the
accumulation of surface oxygen—containing groups
leading to changes in the interaction at the rubber
matrix/filler particles interface.

Our comparative electron microscopy observation
of nontreated and corona-treated wood flour particles
demonstrated quite clearly the etching effect of the
corona discharge. It is evident from Figure 3 that the
treatment of the conifer wood flour in oxygen plasma

obtained by corona discharge at the chosen operating
conditions creates a surface roughness on the wood
flour particles [compare Fig. 3(b) and (c) with Fig.
3(a)], expressed to a greater degree when the treat-
ment time is extended by 10-15 min [compare Fig. 3(c)
and (d) with Fig. 3(b)]. Such roughness results in an
increased contact at the wood flour/rubber matrix
surface area and usually improves the mechanical
bonding attributed to the diffusion of the rubber
within the volume of wood particles. The results of
our electron microscopy observation substantially

‘comply with the results of experimental estimation of

the porosity of the nontreated and corona-treated
wood flour.

Porosity of the wood flour

The data represented in Table V show that the corona
treatment leads to a significant increase of the porosity
of the wood flour: the porosity « (column 8) and the
pore volume V,, (column 10) increase by about 67—
101% (column 9) or 38—65% (column 11), respectively,
whereas the volume of the wood substance V,, (col-
umn 4) decreases by about 17.9-19.7% (column 5).
Increases in the real density p, (column 2) and the
apparent density p, (column 6) indicate that the less-
dense regions of the wood substance are removed
during the etching, as expected. Evidently, the etching
effect, confirmed both by our electromicroscopy ob-

TABLE IV
Water Adsorption of NBR Vulcanizates Filled with 50 phr Wood Flour, Nonmodified
or Corona-Treated, Under Different Operating Conditions

Mix number
1 2 3 4 5 6 7 8 9 10 11 12 13
Density, g/cm3 1.15 1.15 115 1.16 1.16 1.15 1.16 1.18 1.17 1.16 1.17 1.26 1.19
94 9.3 9.5 10.0 9.7 9.2 103 9.6 10.3 9.6 9.4 11.6 11.1

Water adsorption, %
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