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Wood-base composite panels including particleboard
and fiberboard are widely used for many applications,
such as underlayment for carpeting as core material,
paneling, furniture and cabinet manufacture. The majority of particleboard panels is produced using 10 to 15
percent formaldehyde-based adhesives primarily urea
formaldehyde (UF) as a binder for typical production.
This fact sheet summarizes some of the main aspects of
particleboard manufactured from Eastern redcedar using
non-toxic modified starch as green binder.
It is a known fact formaldehyde-based adhesives
are considered as a dangerous substance due to formaldehyde emission and linked to health problems from
both short- and long-term exposure. Therefore, there
is a movement to find alternative green adhesives that
eliminate formaldehyde emission from the panels.
Modified starch is one such potential environmentally
friendly binder.
Eastern redcedar (Juniperus virginiana L.) is considered an invasive species encroaching in the Great Plains
and one of the predominant invasive woody species in
the United States. Eastern redcedar quickly replaces the
native grasslands, adversely influencing the diversity of
plants, birds and small mammals in Oklahoma. With an
estimated growing rate of 380 hectares per day resulting
in a significant adverse impact on the overall ecological
system. Negative impacts of the encroaching of Eastern
redcedar include the loss of native plants and animals,
reduction of forage production and livestock handling,
impacts on soil hydraulic properties and increased risk of
wildfires. As an invasive species Eastern redcedar could

be considered as a viable raw material to manufacture
particleboard panels
In a past study, experimental composite panels from
whole-tree chipped redcedar were manufactured using
UF adhesive, resulting in both satisfactory physical
and mechanical properties. Since there is no or little
information on properties of particleboard panels made
from Eastern redcedar using modified starch, this study
attempted to produce initial data on properties of such
value-added panel products. When one considers the
combination of this resource with a green-based adhesive, such invasive species can be converted into valueadded panel products so an important ecological problem
can be solved with an environmentally friendly approach.

Manufacture of Experimental
Particleboard Panels Using Starch

Commercially produced Eastern redcedar particles
supplied by a local producer in Oklahoma were used to
produce experimental panels. Dried particles having a
moisture content of 3 percent were classified into fine
and coarse sizes on a 20-mesh and 60-mesh screen, respectively. Coarse particles were used for the core layer
of the three-layer particleboard, while the fine particles
were used for the surface layers of the panel. Corn starch,
along with glutardialdehyde (GDA) was mixed manually with the particles as binder for the panels. GDA is
a colorless, oily liquid organic compound having the
formula of CH2(CH2CHO)2, which is widely used as a
disinfector agent for medical equipment.
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Figure 1. Flowchart of panel manufacture.

Figure 3. Dry and 24-h water soaked samples.

No wax or any other
additives were used in
production of the samples. The ratio of the
surface layer thickness
to the total thickness of
a panel known as the
shelling ratio was 0.30
for all specimens. Figures 1 and 2 illustrate
Figure 2. Untrimmed panel.
the overall process of
panel manufacture and
untrimmed panel, respectively. Hand-formed mats were
pressed in a computer-controlled press, an Erie Mill &
Press Company Inc., 24-inch by 24-inch 270-ton press
using a pressure of 5.5 MPa at a temperature of 180 degrees Celsius for 20 minutes. A total of 15 panels were
made using each of the three density levels. Panels were
conditioned in a conditioning room, having 65 percent
relative humidity and a temperature of 20 degrees Celsius for two weeks before samples were cut for different
tests based on American Society for Testing Material
D1037-12.

a 90-degree tip angle. The samples also were examined
using a scanning electron microscope, FEI Quanta 600
FEG scanning electron microscope with an EVEX X-ray
microanalysis system. The standard testing method for
determining formaldehyde levels from wood products
using a desiccator, ASTM D5582-14 was employed
to examine to measure formaldehyde emission. The
formaldehyde levels of the samples were determined
by collecting air-borne formaldehyde in a small distilled
water reservoir within a closed desiccator.

Determination of Mechanical and Physical
Properties of the Panels
The mechanical properties of the specimens, including bending strength and internal bond strength were
carried out on a Comten Testing System, “Model 95-VD”
equipped with 1000 kg load cell. Thickness swelling and
water absorption tests were carried out on 100 mm by
100 mm by 12 mm size specimens by soaking in distilled water for 2 and 24 hours. Surface characteristics
of 50 mm by 300 mm by 12 mm samples were evaluated by employing a fine stylus profilometer Hommel
T-500 unit, having TkE model pick-up equipped with
a skid type diamond stylus having 5 µm tip radius and

Initial Test Results of the Samples

Overall bending and internal bond strength of the
samples were determined to be within the expected
range as compared to those of typical commercially
manufactured particleboard panels from other species.
Modulus of elasticity and internal bond strength values
of the samples ranged from 344,263 psi to 640.337 psi
and 63 psi to 132 psi, respectively. Water absorption and
thickness swelling of the panels were relatively high.
Panels made with 0.80 g/cm3, 0.70 g/cm3 and 0.60 g/
cm3 density levels had water absorption and values of
164 percent 160 percent and 153 percent, respectively.
Corresponding thickness swelling values were 18 percent, 23 percent and 31 percent. Typical commercially
manufactured particleboard would have within thickness
swelling values of ranging from 8 to 10 percent as a
result of a 24-hour water soaking test. The main reason
of dimensional instability of the samples can be related
to very large hyroscopicity of starch as well as not using any wax as additives in the samples. Figure 3 shows
thickness swelling of dry and water soaked samples for
comparison purpose. Also, nonhomogeneous mixture
of starch, as illustrated in Figure 4 taken by scanning
electron microscope, would result in low dimensional
stability of the panels.
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Figure 4. Scanning electron microscope showing distribution
of starch particulars in the panels.
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The Oklahoma Cooperative Extension Service
Bringing the University to You!
The Cooperative Extension Service is the largest, most
successful informal educational organization in the world.
It is a nationwide system funded and guided by a partnership of federal, state, and local governments that delivers
information to help people help themselves through the
land-grant university system.
Extension carries out programs in the broad categories
of agriculture, natural resources and environment; home
economics; 4-H and other youth; and community resource
development. Extension staff members live and work
among the people they serve to help stimulate and educate
Americans to plan ahead and cope with their problems.
Some characteristics of Cooperative Extension are:
•
The federal, state, and local governments cooperatively share in its financial support and program direction.
•
It is administered by the land-grant university as
designated by the state legislature through an Extension
director.
•
Extension programs are nonpolitical, objective, and
based on factual information.

•
It provides practical, problem-oriented education for
people of all ages. It is designated to take the knowledge
of the university to those persons who do not or cannot
participate in the formal classroom instruction of the university.
•
It utilizes research from university, government, and
other sources to help people make their own decisions.
•
More than a million volunteers help multiply the impact
of the Extension professional staff.
•
It dispenses no funds to the public.
•
It is not a regulatory agency, but it does inform people
of regulations and of their options in meeting them.
•
Local programs are developed and carried out in full
recognition of national problems and goals.
•
The Extension staff educates people through personal
contacts, meetings, demonstrations, and the mass media.
•
Extension has the built-in flexibility to adjust its programs and subject matter to meet new needs. Activities
shift from year to year as citizen groups and Extension
workers close to the problems advise changes.
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