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Abstract: The goal of this study was to improve dimensional stability and mechanical performance of
oriented strandboard (OSB) with chitosan treatment. In this study, laboratory-made fresh aspen strands
were immersed in chitosan acetate solutions and air-dried. Chitosan acetate was converted to chitin with
high heat treatment of the strands before assembly of the panels. Liquid phenol-formaldehyde resin was
sprayed onto dry strands at a level of 5% (wt) based upon oven-dry weight. The mat was pressed at 2000

C for 8 minutes to form a panel 1.2 cm thick with 0.56 gr/cm  density. Thickness swelling and water gain3

of the treated panels were reduced average of 40% over untreated panels after 24-hour water-soak. In
addition, there was no negative effect on static bending test results of the treated panels due to chitosan
treatment.
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INTRODUCTION

Oriented Strandboard (OSB) is an engineered wood
product in the form of panels made up of wood
elements known as strands. The strands are deliberately
formed within alignment or orientation and are bonded
with a thermosetting adhesive, generally with phenol
formaldehyde, under pressure and heat. The grain
direction of the strands is mostly parallel to the flat
surface. OSB is actually a second-generation panel,
which evolved from waferboard and is used in
construction mainly as roof, wall and floor sheathing.

There are many treatments for woodbased panels
to enhance their properties or protect them from
moisture, fire or decay. With those treatments better
panels can be achieved, unfortunately these treatments
can increase the cost of the panel materials.
Importantly, some of the chemicals can interfere with
adhesive and/or wood and cause some problems such
as decreasing mechanical properties of the panels . In[1-4]

addition, better mechanical properties are required by
some building codes for seismic or high wind areas.

Wood is a hygroscopic material, which swells as
it absorbs/adsorb moisture and shrinks as it looses
moisture below the fiber saturation point. Dimensional
changes are different with reconstituted wood products,
such as waferboard and particleboard, from solid wood
products. In addition to that, swelling, water contact or
high relative humidity can greatly affect the state of
stress that exits in the material. The in-plane
movements can cause high internal stresses due to the
restraint by metal fasteners. These stresses may be
large enough to cause buckled panels, pushed out nails
and separation of the panel from the structure.

Dimensional stability of wood based panels can be
affected by most process variables such as wood-
furnish, flake size and geometry, resin level and type
and pressing conditions . Improved dimensional[5]

stability should be possible through a better
understanding of these variables as well as by special
treatments such as chemical modifications, steam and
heat treatments and special coatings. The use of special
treatments to improve the dimensional stability of panel
products has followed the lead of solid wood research.

Dimensional stability of OSB can be improved
permanently with chemical modifications (such as, with
acetylation to alter the wood matrix by replacing the
polar hydroxyl groups with bulkier, less hydrophilic
acetate groups)  Rowell, et al.,  Youngquist, et al.,. [6] [7]

studied acetylation of flakes and reported substantial
reductions in thickness swelling and water gain.
Bangi  studied effects of acetylation on the juvenile[3]

pine wood flakes and improved dimensional stability of
the flakeboards. He also reported reduction on internal
bond strengths and found conflicting reports about the
effect of acetylation on mechanical properties of the
woodbased panels in literature.

Resin impregnation, heat and steam treatments
have been used for dimensional stability of the
particleboard and waferboard. These treatments were
effective; unfortunately, they were costly or reduced the
mechanical properties of the panels .[1 ,2]

Chitosan is a modified carbohydrate polymer
derived from chitin, one of the most abundant
polysaccharides in nature, by deacetylation. Chitin
occurs as a component of crustacean shells, insect
exoskeletons, fungal cell walls, microfauna and
plankton. Chitosan is a polysaccharide  formed



J. Appl. Sci. Res., 3(7): 507-510, 2007

508

primarily  of  repeating  units  of beta  2-amino-2-[1-4]

deoxy-D-glucose (or D-glucosamine). Generally, about
70-90% of the units are deacetylated, with the
remaining 10-20% acetylated . Today, chitosan is used[8]

widely in medical, health, waste management and
agricultural areas. 

Although chitosan films, even when not dissolved,
are more or less swollen by water, the amount of
swelling is reduced by heating, formaldehyde treatment
or acetylation that produces chitin again. Chitosan is
used as a paper sizing or additive to improve paper
mechanical properties and water resistance. Moreover,
it has been used to improve water resistance for textile,
wool and bonding properties for tobacco and solid
wood .[9]

Improving the dimensional stability of woodbased
panels should not be a goal in itself to the extent that
the other properties of the panels, such as strength and
stiffness, are adversely affected or the product becomes
prohibitively expensive. The objective of this
investigation was to determine the affect of the chitin
cover over the OSB strands towards the properties of
OSB panels. First, chitin used as a chitosan solution
was applied onto strands too observes chitin affect on
strands towards dimensional stability of the OSB.
Strands covered with chitosan solution and then with
one hour high heat treatment chitosan acetate converted
to chitin again. Chitosan acetate conversion to chitin is
explained in a literature . To see the high heat affect[1 0 ]

on panels properties, one chitosan treated group
established with no high heat treatment. In addition,
one of the control groups has high heat treatment too
see the heat effect on strands and panel properties.

MATERIALS AND METHODS

Industrial chitosan was obtained from Vanson
Corporation, Redmond,  WA.  Sixty grams of chitosan
was  added  to 2 L of 3%  aqueous  acetic acid
solution (60 ml glacial acetic acid added to 2000 ml
distilled water) to obtain 3% (wt) chitosan acetate
solutions. These aqueous mixtures, pH 4, were stirred
vigorously at a temperature of ~60  C for two hours.0

Dissolved chitosan solutions were cooled at room
temperature and stored in closed glass bottles.

Aspen (Populous tremuloides) logs were obtained
from the SUNY-ESF Forest Genetic Field Station
property in Tully, New York. These logs were fresh-
sawn into thick boards and crosscut into ~10 cm
blocks. These blocks were oriented with the grain
direction parallel the knives  of  a  disc-flaker  and cut
into strands measuring 9 cm long X 0.06 cm thick X
2 cm wide.

Fresh aspen strands were immersed into 3%
chitosan solution, which was prepared from ground-
type-crab chitosan with 76.5% deacetylation and 425
cps viscosity. Chitosan weight gain was 3% based on
oven-dry strands. 

Four different treatments were applied to wood
particles and totals of five group established: Group A,
this group is established for control purpose, there is
no chitosan treatment and high heat applications.

Group B, this is a control group too, but to see the
high heat affect on the panels not chitosan. Therefore,
strands without chitosan put an oven at 140  C for 600

minutes. Later, strands put in sealable plastic bags to
prevent moisture intake.

Group C, strands immersed in 3% chitosan acetate
solution and blended to take all solution by wood
strands, to established 3% chitin layer based on
ovendry wood weight. Strands let to air dry for 55
hours. No high heat treatment is applied for this group.

Group D, strands immersed in 3% chitosan acetate
solution and blended to take all solution by wood
particles, to established 3% chitin layer based on
ovendry wood weight. Strands let to air dry for 24
hours, after strands put an oven at 140  C for 600

minutes to established chitosan acetate conversion to
chitin by high heat. Later, strands put in sealable
plastic bags to prevent moisture intake.

Group E, strands immersed in 3% chitosan acetate
solution and blended to take all solution by wood
particles, to established 3% chitin layer based on
ovendry wood weight. Strands let to air dry for 24
hours, after strands put an oven at 120  C for 600

minutes to established chitosan acetate conversion to
chitin by high heat. Later, strands put in sealable
plastic bags to prevent moisture intake.

Treated wet strands and untreated fresh strands
were air dried then put in an oven (95  C) to get0

strands to 3% MC before resin application. No wax
emulsion was used during this experiment. Liquid
phenol formaldehyde resins were obtained from Borden
Chemical Company, Cascophen OS703A for face
layers, Cascophen 0303D for core layer. For face and
core layers 5% resins were sprayed onto strands. Mat
layers were oriented mechanically and face to core
ratio was 50/50. Oriented furnish-mats, 56 x 56 cm,
were pressed at 200  C for 8 minutes within ½ minutes0

closing time and 2 minutes breathing time. Target
density was a 0.56 gr/cm  with 1.2 cm thickness.3

Water soak test, test samples were cut 15 by 15
cm and conditioned at 21  C and 50% RH. The0

thickness was measured to the nearest 0.0001 cm with
a micrometer at four points midway along each side,
2,5 cm from the edge of the specimens. Then they
were submerged horizontally under 3 cm of distilled
water maintained at a temperature of 20±1 C. The0

measurements of weight and thickness were taken
during 60 hours.

Static bending test, a simply supported center load
static bending test was performed for determination of
the bending modulus of rupture (MOR) and bending
modulus of elasticity (MOE) on specimens with face
strands alignment parallel- and perpendicular to the
strength axis. The specimens (1.2 by 7.6 by 36 cm)
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were tested with a span of 30 cm. A computer
controlled Instron Fatigue Testing Machine, model
1335, was used with the load-head having a radius of
1.5 times of thickness and moving at a uniform rate of
0.6 cm per minute. Samples were conditioned at 65%
RH and 20 C prior testing. In addition, density content0

determinations were performed on dry static bending
specimens using coupons 7.6 by 7.6 cm from end of
the static bending specimens. These samples were put
in an oven at a temperature of 105° C for 24 hours
and then re-weighed. In this experiment, all test and
data analyses were performed according to ASTM D
1037-96a .[11]

RESULTS AND DISCUSSIONS

Thickness swelling, chitosan treatments reduced the
thickness swelling of the all treated panels (Fig. 1).
Treated panels have average of 40% thickness swell
reductions, respectively, were obtained after 24-hour
water-soak and remained the 30% after the 60 hours of
water soaking. Among the chitosan treated panels, heat
treated panels were slightly better than no heat treated
chitosan panels. On the other hand; Group B with high
heat treatment has also some reduction comparison to
Group A, but not adequate such as chitosan treated
panels.

Chitin layer also reduces WG of the treated panels
by its barrier effect. After 24-hour water-soak, average
water gain decreased about 40% for both chitosan
treatments and those stayed as average of 25% after
60-hour soak (Fig. 2). Also, there is no positive effect
on water gain of the panels by high heat treatment for
both control and chitosan treatments. At the long run,
chitosan treatment helps thickness swelling better than
water gain of the panels.

Table 1: Static bending test results.

Group M OE // M OE z M OR // M OR z Density

Name (MPa)  (MPa) (MPa)  (MPa) (gr/cm )3

Group A 5436 3150 36 35 56

Group B 5357 2016 37 21 55

Group C 5396 2583 43 31 57

Group D 5405 2161 35 20 55

Group E 5227 2196 31 24 56

The improved dimensional stability of the OSB

panels is attributed to a chitin film encapsulating the

strands and blocking some of the cellulose hydrophilic

hydroxyl groups at the chitin/cellulose interface. Water-

soluble chitosan acetate is converted to water-insoluble

chitin by high-heat during heat treatment and also hot-

pressing. This chitin acted as a water barrier layer

around the strands and this reduced significantly the

thickness swelling of the all chitosan-treated panels.

This same effect was observed in other situations: anti-

shrinking effect of chitosan for wool .[12]

Chitosan treatments showed no negative affect

on static bending strength and stiffness test results of

the treated panels; however, MOE and MOR (with face

strand orientation perpendicular to the panel strength

axis) of control panels were slightly better than treated

panels. That can be explained with high heat treatment

which may be seen as having a negative impact on

panel bending properties (Table 1.). In addition, in the

literature mentioned that high heat has some negative

effect on bending strength. It has seen some reduction

within MOE or MOR due to high heat treatment not

the chitosan treatments.

Conclusions: In conclusion, thickness swell and water

gain of the laboratory-made aspen OSB panels

properties were improved with chitosan treatments of

the strands. Water-soluble chitosan acetate converted

water-insoluble 

chitin during high-heat treatment and also hot pressing.

Fig. 1: OSB thickness swelling during continuous soaking in water at 20  C for 60 hours.0
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Fig. 2: OSB water gain during continuous soaking in water at 20  C for 60 hours.0

This chitin film acts as a water barrier layer around the
strands, which reduced significantly the thickness
swelling and water gain of the all chitosan-treated
panels. Also, chitosan could be blocking some of the
hydroxyl groups of cellulose and thereby reduce the
swelling of the woodbased materials. Due to the
mechanical properties, there was no observed major
negative affect on treated panels. Further work should
be undertaken in regard of linear expansion and other
mechanical properties of OSB panels.
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