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ABSTRACT: Dimensional stability of fiber board from lignocellulosic materials is a
prime concern for efficient utility of the product. A number of methods have been used
to improve the dimensional stability. These include the application of coating, oil, and
wax treatments and chemical modification of lignocellulosic materials. A new process
has been developed to minimize irreversible swelling (i.e., permanent fixation of com-
pressive deformation of wood fiber through a hygrothermal treatment using in-built
steam from moisture of compressed fiber at high temperature). This process has been
applied on jute fiber for the evaluation of dimensional stability and vis-&vis the
mechanical and thermal properties of the fiber board made from the modified jute fiber.
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INTRODUCTION

Fiber boards, like other densified lignocellulosic-
based composites, is subject to swelling forces
when it sorbs water in either liquid or vapor
phase. Jute and other lignocellulosic materials
change dimensions with changing moisture con-
tent because the cell wall polymers contain hy-
droxyl and other oxygen-containing groups that
attract moisture through hydrogen bonding.:-
The hemicelluloses are mainly responsible for
moisture sorption, but the accessible cellulose,
noncrystalline cellulose, and lignin also play ma-
jor roles. Moisture swells the cell wall, and the
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jute fiber swells until the cell wall is saturated
with water. Beyond this point, moisture exists as
free water in the void spaces of the fiber and does
not swell the fiber further; but the jute fiber
shrinks when it loses the moisture below equilib-
rium moisture content (EMC). This process is
called reversible swelling.

When jute fibers are pressed into fiber board,
the fibers are compressed and flattened. So the
fibers are deformed even though it has a memory
of its original configuration. When the com-
pressed fiber absorbs water, not only does swell-
ing take place, but also the compressive force
imparting to the fiber board during processing is
relieved due to the recovery ofthe original config-
uration of the fiber through the old memory (the
spring-back action of fiber). The rupture of the
adhesive bonds between the jute fibers is due to
this spring-back action of compressed jute fiber.



This process is irreversible swelling. To minimize
this irreversible swelling, special measures are
needed for the production of a highly stable fiber
board. Effective preventive solution of reducing
swelling of fiber board should be as follows:

<Bind fibers together so that moisture cannot
separate them.
<Prevent the build up ofinternal stress within

the board.

<Relieve internal stress in the board prior to
use.

| Prevent adsorption and absorption of mois-
ture.

So the irreversible swelling can be marginalized if
the internal stress can be somehow reduced. One
way to do this is to plasticize the cell wall matrix
(mainly hemicellulose-lignin matrix) by steaming
during compression so that the fiber cannot re-
cover its original shape through its old memory.
This treated fiber only then undergoes the revers-
ible swelling on absorption of water.>*

The objective of this study was to evaluate the
effectiveness ofhigh-pressure steam treatment on
jute fiber for production of dimensionally stable
fiber board.

EXPERIMENTAL

Materials

Tossa jute (Corchorus Olitorious) of TD7 grade
(Jute Corporation of India, Calcutta, India) as per
Bureau of Indian Standards specification 1S:271—
1975 and water soluble phenol formaldehyde
resin (procured from Hindusthan Adhesives Phe-
noset 5001, Calcutta, India) were used in the
study. A mold of30 x 30 x 12 cm contains one flat
gasket of silicon rubber, a stainless steel square
flat ring, and two stainless steel caul plates.

FiberPreparation

Raw jute fiber was chopped through a hask chop-
per and the chopped fiber was then passed
though a hammer mill to get fibers of an approx-
imate length of 1 cm each.

Steam Stabilization of Fiber and Fabrication of
Board without Resin

Additional water was sprayed to the fiber to get
15% moisture in the fiber on a dry weight basis. A
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mat (20 x 20 cm) of chopped jute fiber was made
by hand and was placed in the pressing mold. The
mold and the mat were placed in a hydraulic
press heated to 200°C. The press was closed and
held at 250 psi pressure for 4 and 8 min, respec-
tively, for two different retention periods to ob-
serve the effect of this treatment on jute fiber
board. The samples were referred to as SB-4 and
SB-8, respectively.

Some boards were run through a blowing blade
to break into the fibers for the fabricating of
boards with the addition ofextra binder (i.e., phe-
nol formaldehyde resin). Others were used for the
evaluation of dimensional stability and mechani-
cal properties.

Resin Application and Board Fabrication
with Resin

Phenol formaldehyde resin was sprayed to un-
treated milled jute fiber as well as to steam-sta-
bilized jute fiber to achieve a resin level of 7% on
a dry-weight basis. Thus, three types of boards
were obtained with resin, including two boards
with jute fibers stabilized with steam for 4
(SRB-4) and 8 min (SRB-8). The process parame-
ters offabrication of all the above boards were the
same (i.e., 8 min at 180°C under 250 psi). The
specific gravity of all the boards was 0.7.

Strength Tests

Two-point static bending tests were conducted
by using an Instron universal testing machine
(Model 4303) as per ASTM 790M-84 on the board
specimens with a span of 160 mm and a crosshead
speed of 4.3 mm/min to determine the modulus of
the rupture.

Water Soaking and Thickness Swelling Tests

Thickness swelling and water absorption proper-
ties were determined both by simple water soak-
ing test as well as by rigorous cyclic test. All
samples were cut as per ASTM D 1037-96a. Wa-
ter absorption and thickness swelling were mea-
sured after soaking the samples in distilled water
for 24 h. Samples were also placed in boiling
water for 2 h and then thickness swelling and
water absorption were determined. The above
treated samples were then subjected to water
soaking at room temperature for 24 h, drying at
60°C for 24 h, immersion in boiling water for 2 h,
and finally drying at 60°C for 24 h.
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Effect of Water Soaking (24 h)
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Figure 1 Effect of water soaking (24 h).

Equilibrium Moisture Content

The board was cut into 2 x 2 in. specimens and
initial weights of the specimens were taken. The
specimens were then dried in oven at 105°C till
constant weight. The dried specimens were
treated at the 65% RH (23 £ 2°C) until they
reached equilibrium. EMC was calculated as fol-

lows:

Wi, at 65% RE — Oven-dry wt.

Oven-dry wt. x 100

EMC =

SEM Study

The flexural fracture surfaces of the composite
samples were studied with a scanning electron

microscope (SEM; Hitachi scanning electron mi-
croscope, Model S-415 A) operated at 25 keV.

Thermal Analysis

Thermogravimetric analysis was carried out us-
ing a Mettler TG 50 module attached to TC-11
microprocessor of TA-4000 system. The heating
rate was maintained at 10°C min- under a con-
stant flow (150 mL min-t) of nitrogen. During the
evaluation of differential thermogravimetry (DTG),
the maximum peak temperature, weight losses at
each decomposition step, and amount of char left
at 600°C were determined.

Effect of Boiling Water Soaking (2 h)
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Figure 2 Effect of boiling water soaking (2 h).



Cyclic Test for Thickness Swelling
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Figure 3 Cyclic test for thickness swelling.

RESULTSANDDISCUSSION

Results of 24-h soaking in water is represented in
Figure 1. It was observed that the swelling of the
control sample was around 77%, whereas the
same was only 19 and 12%, respectively, for sam-
ples SB-4 and SB-8. When PF resin was admixed
with steam-stabilized fiber, the swellingwas mar-
ginally reduced. The swellingwas around 16 and
11%, respectively, for SRB-4 and SRB-8.

A similar observation was also made when
samples were heated in boiling water for 2 h; the
results are shown in Figure 2. It was found that
the swelling of the control board was around 97%
and that of steam-stabilized samples reduced sig-
nificantly (24 and 22%, respectively, for SB-4 and
SB-8). There was little effect on the swelling be-

% Water Absorption
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havior of the board when 7% PF resin was used
So, it may be concluded that the dimensional sta-
bility of the fiber board is imparted predomi-
nantly by steam treatment, not by resin. This
observation agrees with the earlier works:&s on
fiber board made from wood chips.

Steam stabilization also has an effect on the
water absorption property ofthe board. The water
absorption was lowest for SRB-8. Water absorp-
tion was greatly reduced for boards made of
steam-stabilized fiber without using resin.

The results of the cyclic test of thickness swell-
ing and water absorption are depicted in Figure 3
and 4. The control board showed (Fig. 3) thickness
swelling as 77.83% after 24 h of water soaking
and it decreased to about 66.92% after the first
drying cycle. After 2 h in boiling water, the thick-

Cyclic Test for Water Absorption
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Figure 4 Cyclic test for water absorption.
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Equilibrium Moisture Content at 65% RH
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Figure 5 Equilibrium moisture content at 65% relative humidity.
ness swelling was about 89.79%, and then de- water soaking was 18.02%. This was 76.84% re-
creased to about 83.11% after the second drying duction in swelling with respect to that of the

cycle. The thickness swelling of SB-4 after 24-h control board. This swelling decreased to about
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Meodutus of Rupture
140 .
120
100 {
p—
o
g
3
~ 380 4
)
2
&
g
&
L3
: >
3
g 9
=
]
=
40
20 A ¥
] 4t +
Control SB-4 SRB~4 SB-3

Samples of boards

Figure 6 Modulus of rupture.

14.89% after the first drying cycle. After 2 h in the second drying cycle. For SB-8, the thickness
boiling water, the thickness swelling was about swelling was 12.37% after 24 h water soak and
25.05% and this decreased to about 19.23% after decreased to about 10.78% after the first drying



1658 DASETAL.

a) Steam stabilized jute fiber

b) Untreated jute fiber

Figure 7 Scanning electron micrographs of (a) steam stabilized jute fiber [SB-4] and

(b) untreated jute fiber [control].

cycle. After 2 h in boiling water, the thickness
swelling was about 21.4% and this decreased to
about 18.64% after the second drying cycle. The
addition of 7% PF resin to steam-stabilized jute
fiber for fabrication of boards (SRB-4 and SRB-8)
imparts Little effect on swellingbehavior. Figure 4
shows that water absorption was also reduced

significantly when the jute fiber was steam stabi-
lized.

The same trend is also observed (Fig. 5) on
equilibrium moisture content.

Moduli of rupture values for both the steam-
stabilized boards (SB-4 and SB-8) were much
smaller compared to that of the control board
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Figure 8

Thermogravimetric and differential thermogravimetric curves ofjute fiber.
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Figure 9 Thermogravimetric and differential thermogravimetric curves of SB-4.
(SRB-4 and SRB-8), but this was below the mod-

ulus value of the control board (Fig. 6). Thus the
data obtained from mechanical testing (Fig. 6)

made from untreated jute with 7% PF resin. Some
improvement of modulus was noticed when resin
was incorporated with the steam-stabilized fiber
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Figure 10 Thermogravimetric and differential thermogravimetric curves of SB-8.
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Table I Results of Thermogravimetric Analysis
of Steam-Stabilized Jute

Decomposition Weight

Temperature  Loss Residual Weight

Sample (°C) (%) at 600°C (%)

Jute Fiber 64.7 10.52
282.3 9.38 14.51

345.2 65.31

SB-4 64.7 8.11
- — 20.34

348.0 71.49

SB-8 67.5 7.58
— — 20.21

348.0 72.03

indicate that steam stabilization helps to bond
fiber to form fiber board even without a binder,
although the modulus value is lower than that of
control. This is probably due to thermoplasticiza-
tion of fiber lignin which acts as a binder and
imparts good moldability.e

The SEMs of the untreated and steam-stabi-
lized jute fiber are shown in Figure 7. It is evident
from the figure that the untreated fiber has prac-
tically no tendency to thermal flow under pres-
sure of the hot press, whereas the steam-stabi-
lized fiber shows a distinct thermal flow under the
identical conditions.

Steaming probably lowers the softening points
of jute components and imparts thermoplasticity,
and thereby fiber undergoes a change in its orig-
inal structure. Thus, fiber loses its first memory of
original configuration because of steaming and
the internal stress induced during pressing of the
mat is relieved and minimized. Lower internal
stress within the pressed jute products may cause
less spring-back of the original configuration. The
new flattened fiber structure is stable and only
undergoes normal reversible swelling when ex-
posed to moisture. During the steam stabilization
process, fiber is subjected to heat as well as pres-
sure in the presence of air and moisture, whereby
both degradation and oxidation of jute constitu-
ents may take place and this may lead to remark-
able loss of fiber strength.

The jute fiber and steam-stabilized jute fiber
were subjected to thermogravimetric analysis in
nitrogen atmosphere to understand their thermal
nature. The TG and DTG curves are shown in
Figures 8-10 and the results are summarized in
Table 1. The DTG curve of jute fiber shows an
initial weight loss (10.52%) at 64.7°C due to the

loss of moisture. In the pyrolysis temperature
range, the curve exhibits two decomposition
peaks. The first peak (shoulder) at 282.3°C is due
to the decomposition of hemicellulose (wt. loss,
9.38%) and second peak at 345.2°C is due to a-cel-
lulose  decomposition.> Maximum decomposition
occurs at this step (wt. loss, 65.31%). In the
steam-stabilized fiber (SB-4 and SB-8), the
weight loss at initial moisture desorption step is
slightly lower than the jute fiber. The hemicellu-
lose decomposition peak is missing in both cases
(4 and 8 min process). This means that during
steam stabilization, hemicellulose may have been
modified to some other form. The cellulose decom-
position peak temperature is slightly higher than
that of jute. Weight loss at this stage increases.
Steam-stabilized fiber from both processes yields
almost the same amount of char, which is higher
than that of jute fiber.

CONCLUSION

Steam stabilization of jute fiber imparts the di-
mensional stability to the fiber board. The dimen-
sional stability has been marginally increased
with an increase in treatment time after 4 min,
but the fiber loses its mechanical strength with an
increase in process time. Thermal stability of
steam-stabilized fiber is almost the same as that
of untreated jute fiber.
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