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Six potentially important wood adhesives for gluing southern pine and white oak
flakeboards were evaluated for their performances in steam-injection pressing and
conventional platen pressing. Of the six resins tested, polyisocyanate resin performed
well in both steam injection and conventional platen pressings. Phenol-formaldehyde
(PF) and melamine urea-formaldehyde (MUF) resins performed poorly in steam-in-
jection pressing. However, adding a small amount of polyisocyanate improved per-
formance considerably. Bending strengths were consistently higher with conventional
platen pressing than with steam-injection pressing. The lower density face in steam-in-
jection pressing would result in lower bending properties. In PF and MUF resin systems,
steam-injection pressing resulted in low bond strength and high dimensional stability,
whereas conventional platen pressing resulted in high bond strength and low dimen-
sional stability. The pairing of low strength with high stability suggested that bonding
strength could not be the cause of improvement in dimensional stability. Most probably,
steam pressing reduced internal stresses and stabilized the flakes, which in turn resulted
in an improvement in dimensional stability. The improvement in dimensional stability
may also be related to less strength loss of the board in steam-injection pressing when
exposed to high relative humidity treatment.

     team-press curing is a method of researchers (1-7,9-11,13-22). Most ear-
hot-pressing-wood composite panels by
injecting steam directly into the board
during the pressing process. The in-
jected steam raises the internal mat tem-
perature, which in turn rapidly cures the
resin binder in the composite panels. It
was shown, for instance, 1-inch-thick,
45- pcf phenolic-bonded particleboard
was fully cured in 1 minute at a steam
pressure of 300 psi (430°F). This time
was substantially shorter than the 15
minutes needed with a conventional
platen pressing method (16).

The economic potential of this proc-
ess has recently stimulated attention on
steam-injection pressing by a number of
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lier processes used superheated steam
(1,11,18). More recently, saturated
steam was used in the developments of
self-sealed (9) and unsealed (3) steam-
injection pressing processes. These new
techniques provide better control of tem-
perature and board moisture in the
manufacturing process and were chosen
for this study.

The objective of this study was to
compare the properties of steam-injec-
tion pressed flakeboards made from
either southern pine or white oak, using
six different resin adhesives, with con-
trol boards pressed in a conventional
fashion.

E X P E R I M E N T A L  P R O C E D U R E S

The six resin combinations chosen
for the study were: phenol-formalde-
hyde (PF), melamine urea-formalde-
hyde (MUF), phenol-formalde-
hyde/melamine urea-formaldehyde
(PF/MUF),polymeric isocyanate (PIC),
polyisocyanate/phenol-formaldehyde
(PIC/PF), and polyisocyanate/urea- for-
maldehyde (PIC/UF).

The resin contents, based on ovendry
weight of wood furnish, were: PF = 4.5
percent; MUF = 4.5 percent; PIC = 2.5
percent; PF/MUF = blended as in a
three-layer board with 1/3 PF-blended
flakes at each face and 1/3 MUF-
blended flakes at the core, the resin con-
tent was 4.5 percent (resin solids based
on ovendried wood) in all three layers;
PIC/PF =blend as in situpolymerization
in which PIC (0.625%) was applied be-
fore PF (3.375%); and PIC/UF = blend
as in situ polymerization in which PIC
(0.833%) was applied before UF (3%).
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A total of 36 flakeboards (two spe-
cies x six resins x three replications)
were made in the laboratory of the
USDA Forest Service Southern Forest
Experiment Station, Pineville, La. The
flakes were 3inches long, 0.015 inch
thick, and had variable widths.  The3/4-
by 42-by 42-inch panels were pressed
in a conventional manner. Press tem-
perature was 425°F and press time was
10 minutes for the pine boards and 12
minutes for the oak boards. These same
36 board types were pressed using a
self-sealed steam injection process at
Forintek Canada Corp. in Ottawa, On-
tario, and with an unsealed steam injec-
tion process at the USDA Forest Service
Forest Products Laboratory, Madison,
Wis. Descriptions of variations in board
size and press schedules follow.

SELF-SEALED STEAM-INJECTION
PRESSING

The general pressing conditions
were: board size = 3/4 by 24 by 24
inches; press temperature = 420°F;
steam injection pressure = 150 psi; and
compression frame = 1/4 by 1-1/2
inches. The 5-minute press cycle was: 1
minute of pressing time before steam
injection; 1 minute of steam injection
into top mat; 30 seconds of steam ex-
haust from top of mat; 1-1/2 minutes of
steam injection into top of mat; and 1
minute of steam exhaust and press open.

UNSEALED STEAM-INJECTION
PRESSING

The general pressing conditions for
pine boards were: board size =3/4 by 26
by 30 inches. The press cycle was: 33

seconds of closed press to a 1.6-inch
press opening; hold press at 1.6 inch,
injecting steam into top of mat at rate of
600 lb./hr. for 2 seconds; close press to
0.75 inch at 0.09 in./sec., injecting steam
at rate of 500 lb./hr. for 9 seconds; hold
at 0.75 inch for 10 seconds; shut off
steam valve, hold the press, and let steam
in the manifold dissipate for 90 seconds;
hold at 0.75 inch for 90 seconds and vent
to exhaust steam; decompress at a rate of
5 psi/sec. and exhaust steam for 4 sec-
onds; hold at a pressure of 20 psi for 10
seconds; and open to 10 inches at 0.25
in./sec. for 39 seconds.

Pressing conditions for oak boards
were the same as pine boards with slight
modifications in the press cycle: steam
was injected into the top mat for 4 sec-
onds; held at 0.75 inch for 20 seconds
before shutting off steam valve; and
steam in the manifold was dissipated for
70 seconds.

For each panel, flakes were weighed
and placed in a rotating drum blender.
The required amount of resin was then
weighed and applied to the flakes with
air-atomization nozzles. The blended
flakes were felted into the final mat with
a forming box. The mat was transferred
immediately to a single-opening hot-
press and pressed with the specified con-
ditions. The targeted densities were 42
and 46 pcf for the pine and white oak
boards, respectively.

After hot-pressing, the panels were
returned to the Pineville laboratory,
trimmed, and cut into 3- by 20.5-inch

(Canada) and 3- by 22-inch (Madison
and Pineville) test specimens. The speci-
mens were randomly divided into 2
groups with 72 specimens in each group
(6 specimens each per resin and species)
for mechanical strength and dimen-
sional stability tests.

The specimens for the mechanical
strength test were divided into 2 sub-
groups with 36 specimens in each sub-
group (3 specimens per resin and spe-
cies) for conditioning at low relative
humidity (RH) (80°F and 65% RH) and
high RH (80°F and 95% RH). After
conditioning, mechanical strength tests
(bending strength and tensile strength
perpendicular to the face) were per-
formed in accordance with ASTM
standards for evaluating properties of
wood-based fiber and particle panel ma-
terials (ASTM D 1037-72). The speci-
mens were first tested for bending and
then cut into 2-by 2-inch specimens for
the internal bond (IB) test.

The specimens for the dimensional
stability test were also divided into 2
subgroups with 36 specimens in each
subgroup (3 specimens each per resin
and species) for a 24-hour water-soak
test and ovendry vacuum-pressure soak
test (ODVPS). The 24-hour water-soak
test consisted of soaking specimens in
tap water for 24 hours.  Weights, thick-
nesses, and lengths were measured be-
fore and after soaking. The ODVPS
specimens were evaluated under the fol-
lowing conditions: 1) specimens were
dried at 102°C for 24 hours; 2) speci-
mens were placed in a pressure cylinder
and flooded with tap water; and 3) the
system was subjected to a vacuum 27±2
inches of mercury for 1 hour and pres-
sure > 90±10 psi for 2 hours. This pro-
cedure was developed by the American
Plywood Association (APA) and is des-
ignated as A PA Test Method P-1. Linear
expansion (LE) and thickness swell (TS)
values were based on the change from
the ovendry condition to the end of the
ODVPS cycle.

RESULTS AND DISCUSSION

MECHANICAL STRENGTH

Internal  bond. — Table 1 summa-
rizes average IB for each combination of
resins, species, and pressing method.
Average IB varied widely, ranging from
10.4 psi to slightly over 117 psi. The
most significant result among the vari-
ous resin systems was the high strength
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of the PIC resins with both conventional
and steam-injection pressings. The PIC
resin yielded the highest IB for both pine
and white oak boards with the exception
of white oak flakeboards made with self-
sealed steam-injection pressing.

On average, the PF, MUF, and
PF/MUF resin systems performed
poorly in bond strength with steam-in-
jection pressing (Fig. 1). Of the two
methods of steam pressing used, IB was
slightly higher with the unsealed system
than the self-sealed system. The poor
performance of PF resins with both self-
sealed and unsealed pressing systems is
attributed mainly to over penetration of
the liquid phenolic resin. Similar results
were also reported in previous studies
(4,14). It should be noted, however, that
the powdered PF resins, with their com-
monly higher molecular weight and dry-
ness, appear to tolerate the higher mois-
ture conditions of steam injection
without experiencing over penetration.
The pressing cycles for self-sealed
steam-injection pressing used in this
study, for instance, have been used suc-
cessfully in waferboards with powdered
phenolic resins (10).

In the two combined resin systems
containing PIC, the lB increased sub-
stantially with steam-injection pressing
for both PIC/PF and PIC/UF resin sys-
tems, respectively, as compared to PF
and MUF resins (Fig. 2). Furthermore,
it is noted that the PIC/PF resin system,
with 15 percent of PIC in the blend (i.e.,
0.625% PIC based on ovendry weight of
wood), attained the same level of IB
strength with the PIC resin system (i.e.,
2.5% based on ovendry weight of wood)
in bonding oak boards. These results
suggest that the PIC/PF resin system
would be considered an excellent alter-
native resin system for flakeboard in
steam- injection pressing with either PF
resin with substantially improved per-
formance at small cost increases or to
PIC resins with substantial economic
gains.

The most interesting results in gluing
white oak flakeboard with conventional
pressing were the higher IBs achieved
with the MUF resin as compared to the
PF resin and the superior performance of
PIC/UF as compared to the PIC/PF resin
systems (Fig. 3). Both MUF and UF are
amino-based adhesives and are known

to work well with various hardwoods conventionally pressed flakeboard had a
with wide ranges of wood densities, as higher percentage loss of IB than that
indicated in previous studies (8,12). found in steam-injection pressing with

As shown in Table 1, the high RH the exception of PIC/PF-bonded pine
treatment resulted in decreases in IB for and oak boards and PIC/UF-bonded
most of the specimens. It is noted that the pine boards. The higher percentage loss
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Figure 3. — Comparison of internal
bond strength of white oak flake-
boards bonded with amino-based ad-
hesives and PF resins with conven-
tional pressing.

of IB is interesting, particularly if one
considers that higher IB was also ob-
tained for the same boards. The higher
IB suggests the cured resins could not be
the cause of higher strength loss. It has
generally been assumed that steam-in-
jection pressing would lead to compres-
sion stress relief and produce boards
with exceptionally good dimensional
stability. Thus, it is likely that less swel-
ling stresses and the improved panel
dimensional stability resulted in less IB
strength loss with high RH treatment.

Bending strength. — Average modu-
lus of rupture (MOR) values are summa-
rized in Table 2. MOR values were con-
sistently higher with conventional platen
pressing than with steam-injection
pressing. For conventional platen press-
ing, all resins exceeded 4,000 psi MOR
with the exception of PF- and PF/MUF-
bonded white oak boards. In contrast,
only the PIC-bonded flakeboards with
steam-injection pressing exceeded the
same level of MOR value. These lower
MORvalues with steam-injection press-
ing may be, to a large extent, related to
the panel density gradient. It has been
shown that the density profile in a steam-
injection-pressed board tends to be very
flat (2). It was expected that the lower
density face would have resulted in
lower bending properties.

The PF and PF/MUF resins with
steam-injection pressing also resulted in
lower bending strength. However, add-
ing PIC into the resin system improved
performance substantially. For example,
the PIC/PF resin system with about 15
percent PIC increased MOR values by
more than 30 percent over PF resin.

Improvements in bending strength were
also evident in southern pine flake-
boards with the PIC/UF resin system as
compared with MUF resin. However,
little increase in MOR was shown with
white oak boards.

As expected, long-term exposure to
high RHs consistently weakened the
bending strength for all specimens (Ta-
ble 2). Based on the average of six resins,
the flakeboard made with conventional
platen pressing had a higher percentage
reduction in bending strength (30% for
white oak boards and 21% for southern
pine boards) than those made with un-
sealed steam-injection pressing (16%
for white oak boards and 10% for south-
ern pine boards) and self-sealed steam-

injection pressing (12% for white oak
boards and 11% for southern pine
boards).

Stiffness. — Average modulus of
elasticity (MOE) values are summarized
in Table 3. Average MOE values were
highest for the PIC resins (493,889 psi),
followed in decreasing order by PIC/UF
resin (467,333 psi), PIC/PF resin
(459,667 psi), PF/MUF resin (453,167
psi), MUF resin (447,611 psi), and PF
resin (426,278 psi).

As with MOR, the average MOE
value decreased with steam-injection
pressing as compared to conventional
platen pressing. The average MOE val-
ues were:
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Long-term exposure to high RH also
resulted in decreasing MOE values for
all test combinations (Table 3). Based
on an average of six resins, the flake-
boards made with conventional platen
pressing had a higher percentage reduc-
tion of MOE (33% for white oak and
26% for southern pine) than those made
with unsealed steam-injection pressing
(15% for white oak and 21% for south-
ern pine) and self-sealed steam-injec-
tion pressing (23% for white oak and
southern pine).

DIMENSIONAL STABILITY

Thickness swelling. — Table 4 sum-
marizes average TS for each combina-
tion of resin, specie, and pressing
method. Average TS in samples soaked
for 24 hours ranged from 12 to 33 per-
cent for the southern pine boards and
from 10 to 64 percent for the white oak
boards. Average TS for the samples sub-
jected to ODVPS ranged from 14 to 28
percent for the pine flakeboards and
from 16 to 50 percent for the oak boards.

The amount of TS varied from test to
test and was affected strongly by press-
ing method. As shown in Table 5, the
conventionally pressed panels swelled
consistently more than steam-injection
pressed panels. For the two methods of
steam-injection pressing, the panels
made with self-sealed steam-injection
pressing were slightly more stable than
unsealed steam-injection-pressed pan-
els.

The improvements in dimensional
stability properties with steam-injection
pressing are interesting, particularly if
one considers that extremely low bond
strengths were also obtained for the
same boards. For instance, average TS
values for the 24-hour soak for PF and
MUF resins in self-sealed steam injec-
tion and conventional platen pressing
were 18.7 and 35.3 percent, respectively,
and IB values were 12.9 and 63.2 psi,
respectively. These would result in pair-
ing lower lB with higher stability (lower
thickness swelling), indicating that the
IB strength could not be the cause of
improvement in dimensional stability.
Apparently, steam pressing produces
less internal stress and stabilizes the
flakes, which in turn results in improve-
ments in dimensional stability.

Linear expansion. — Table 6 sum-
marizes average LE for each combina-
tion of resin type, pressing method, and
specie.

As with TS, self-sealed steam-injec-
tion pressing resulted in the most stable
panels with the exception of MUF-
bonded southern pine boards. It should
be noted that in several cases conven-
tional pressing produced more stable
boards than those made using unsealed
steam pressing. On average, pine boards
were slightly more stable than white oak
boards.

CONCLUSIONS

Of the six resins evaluated, polyiso-
cyanate resin performed well in both
steam injection and conventional platen
pressings. PF and MUF resins per-
formed poorly in steam-injection press-
ing. This may have been a function of the
press cycle used. However, the addition
of a small amount of polyisoeyanate
improved performance considerably.
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Bending strengths were consistently
higher with conventional platen press-
ing than with steam-injection pressing.
The lower density face in steam-injec-
tion pressing would result in lower bend-
ing properties.

In PF and MUF resin systems, the
steam-injection pressing cycles used re-
sulted in low bond strength and high
dimensional stability, whereas conven-
tional platen pressing resulted in high
bond strength and low dimensional sta-
bility. The pairing of low strength with
high stability suggested that bonding
strength could not be the cause of im-
provement in dimensional stability.
Most probably, steam pressing produced
less internal stress and stabilized the
flakes, which in turn resulted in im-
provements in dimensional stability.
This improvement may also be related to
less strength loss of the board in steam-
injection pressing when exposed to high
RH treatment.

on recycled paper
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