Abstract

Large 4- by 8-foot flakeboards made in a
pilot plant using a steam-injection method
of pressing were compared to small 26- by
30-inch laboratory-made panels. Acceptable
1-1/2-inch-thick panels were made using iso-
cyanate resin, although strength properties
were somewhat reduced. The large, thick
panels were pressed in 147 seconds; how-
ever, laboratory trials indicated that press
time can be reduced to as little as 66 sec-
onds. Problems were encountered with the
bonding of phenolic resin and with air en-
trapment in the center of the panel. Com-
parison of laboratory panels fabricated with
and without steam injection indicates that
the steam-injection pressing system may re-
duce thickness swelling of southern hard-
wood flakeboards made with either isocy-
anate or phenolic resin.

Conventional pressing techniques are not
practicable for manufacturing thick wood
composites because of the long time re-
quired for curing the resin. One way to re-
duce press time is to accelerate the temper-
ature rise in the composite. Steam-injection
pressing purportedly accelerates heat trans-
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fer into the center of the board and drasti-
cally reduces press time (2). We studied the
feasibility of steam-injection pressing for
the manufacture of thick, 4- by 8-foot flake-
board panels using different resins.

Steam injection pressing is especially suit-
able for panels 1 to 2 inches thick. During
this process, saturated steam is injected into
a mat from both the top and bottom platens
during press closure (Fig. 1). In general, the
steam must produce a temperature of at
least 105°C before the mat reaches its spec-
ified density level. Steam pressure increases
after the mat reaches its final position, re-
sulting in a rapid mat temperature increase
and subsequent resin cure. Following the
exhausting of steam and any final resin cure
period, the panel can be removed from the
press. Total press the, steam time, and
steam pressure vary with panel thickness,
density, particle types, and resin, and must
be carefully controlled.

Until recently, laboratory studies of
steam-injection pressing have used small
presses (1). However, before steam-injection
pressing can be implemented in industry,
its applicability must be verified for conven-
tional size (4- by 8-ft.) panels composed of
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a given furnish. In the study reported here,
we made 4- by 8-foot flakeboards greater
than 1 inch in thickness using a hardwood
furnish. Hardwood was selected because
of the mutual desire of the Forest Service
and industry to utilize hardwoods in struc-
tural flakeboards.

To our knowledge, the first reports of
steam pressing on large presses were pub-
lished by Karl Walter of Siempelkamp Corp.
in 1984 (5). Siempelkamp Corp., a West Ger-
man press manufacturer working in coop-
eration with Weyerhaeuser Company, mod-
ified their 4- by 8-foot pilot plant press in
Krefeld, West Germany, to include the cap-
ability to inject steam into the mat during
press closure. Although Siempelkamp has
concentrated on the fabrication of medium-
density fiberboard and particleboard, we de-
cided that their equipment would be suit-
able for the manufacture of flakeboard and
more economical than enlarging the U.S.
Forest Service capability. Thus, our study
on fabrication of thick flakeboards using
steam-injection pressing was undertaken
with the support of the U.S. National Forest
Products Association and the cooperation
of Siempelkamp personnel.



Preliminary results of this venture were
reported in the Proceedings of the Twenti-
eth Annual Particleboard Symposium, Pull-
man, Wash. (3), with the exceptionof some
of the performance data on both the large
panels and similarly constructed small lab-
oratory panels. The study reported here
presents these data as well as conclusions
on the technical feasibility of implementing
the steam-pressing process in the industrial
fabrication of thick flakeboards. Technical
feasibility is based on comparable proper-
ties of panels made with and without steam-
pressing techniques.

Panel construction

Our study was comprised of two parts:
1) manufacture of large, 4- by 8-foot panels
in a pilot plant (Siempelkamp Cop, West
Germany); and 2) manufacture of small pan-
els in a laboratory setting (Forest Products
Laboratory (FPL), Madison, Wis.).

Large panels

Twenty tons of southern red oak (Quercus
fakara) and sweetguni (Liquidambar styraci-
flua) logs from central Louisiana were ship-
ped to Maschinen-Fabrik Bezner in Ravens-
burg, West Germany, for processing. The
logs were flaked into random width 0.020-
inch-thick by 3-inch-long flakes (Fig. 2). The
flakes were dried by Schenkmann and Piel
in Leverkusen, rebagged, and shipped to
Siempelkamp Corp. in Krefeld. The flakes
were then screened to eliminate the fines
by passing through a 0.079-inch screen.
Oversized sweetgum flakes (those retained
on a 0.79-in. screen) were reduced using a
drum-type flake breaker and mixed back
into the furnish.

Large (4- by 8-foot) panels were made
with both isocyanate and phenolic resins.
The isocymate resin (PBA 1042) was sup-
plied by Imperical Chemical Industry (ICI)
in Holland. This resin is equivalent to the
Rubicon ME 178 isocyanate used in labora-
tory trials. The isocyanate resin was sprayed
without dilution at a 3 percent ovendry (OD)
wood basis in a rotary drum continuous-
feed blender, using air atomization. The phe-
nolic resin used for both the pilot plant study
and the laboratory study was obtained from
Borden Corporation. However, although the
pilot plant phenolic resin was patterned af-
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Figure 1. - Saturated steam is injected into the mat through top and bottom perforated

platens during press closure.

Figure 2. - Flakes for large-scale panel fabrication. Left: red oak flakes; Right: sweet-
gum flakes.
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ter the resin made in the United States, it
was obtained from Borden's laboratory in
Great Britain. The pilot plant resin had a
slightly higher solid content, somewhat low-
er pH, and considerably higher viscosity
than the laboratory resin because of differ-
ences in equipment, batch size, and hand-
ling. The pilot plant resin had an original
viscosity of 2,700 cP and had to be diluted
to 38 percent solids to pass through the
spray equipment. As a result, the mat fur-
nish had a high moisture content (MC), be-
tween 11 and 12 percent, instead of the de-
sired MC between 5 and 8 percent.

After resin application, the mats were
formed in two passes, alternating direction
under one forming head. The mats were
weighed and then pressed to a thickness
based on the target panel density calculated
on an OD weight basis. In general, two
types of computer-controlled press sched-
ules, designated A and B, were followed.

Events for Schedule A

Steam must be introduced before the mat is
pressed to a specific gravity (SG) of approx-
imately 0.45. The steam is then halted until
final position is reached (schedule A] or con-
tinuously applied (schedule B). Schedules
A and B for 1-1/2-inch 0.721 SG panels are
shown in Figure 3. Both schedules incorpo-
rate a push-through stage, described by Tay-
lor and Reid (4), wherein steam is intro-
duced into the lower platen and exhausted
to the atmosphere through the top platen.
Preliminary trials indicated this step was
necessary in order to prevent air from being
trapped in the center of the larger panels.
Following the final steaming period, the
steam manifolds were shut off, permitting
the trapped steam to bleed into the panel.
Excess steam was bled off from both platens
during the exhaust period. The exhaust pe-
riod was shorter for the type B schedule.
Press variables such as total time, steam
time, and steam pressure varied with target
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Figure 3. - Press schedules for 1-1/8-inch 0.72 specific gravity oak/gum isocyanate panels.
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panel thickness and SG. Total press time
was 81 seconds for the 1/2-inch-thick pan-
els and ranged from 107 to 147 seconds for
the 1-1/2-inch-thick panels.

The pilot plant scheduling called first for
the production of phenolic-bonded panels,
followed by isocyanate-bonded panels. Dur-
ing the first stages of fabrication, several pro-
blems related to press and forming resulted
in poor resin bonding in the phenolic-
bonded panels. For example, as mentioned
previously, the mat MC was excessive. An-
other set of phenolic-bonded panels was
therefore produced later. For these panels,
a mixture of 25 percent oak and 75 percent
sweetgum was dried to 2 percent MC after
blending with 6 percent phenolic resin.

Small laboratory panels

The press schedules for the large panels
were based on guidelines established by
prior laboratory tests (3). As expected, the
large panel press schedules finalized during
the pilot plant trial differed from the original
laboratory panel schedules. Therefore, a se-
ries of small (26- by 30-in.) panels were
made at the FPL after completing the tests
at the pilot plant in Germany. A total of 54
panels were fabricated - 36 with isocya-
nate resin and 18 with phenolic resin. Var-
iables included omission of the steam push-
through phase, use of A and B press sched-
ules, decreased press times, and use of con-
ventional press schedules. This final se-
quence of panel fabrications yielded data
for comparing large and small panels, eval-
uating the use of phenolic resin in steam-
injection pressing, and comparing conven-
tional and steam-injection pressing.

Panel properties

Interruption of steaming in the initial clos-
ing portions of the press cycle allows the
mat a chance to "reseal itself and promotes
higher internal pressures. Early studies con-
ducted prior to the large-scale trials had in-
dicated that high internal pressure with ac-
companying higher temperature is impor-
tant in curing the phenolic resin. Interrup-
tion of steaming made little difference in
the large panels and did not appreciably pro-
mote cure in the small laboratory panels
bonded with isocyanate. Consequently, the
data for similar types of isocyanate-bonded



panels have been combined for both large
(Table 1) and small (Table 2) panels. Con-
trary to our expectation, the difference be-
tween the A and B press schedules had little
effect on phenolic-bonded laboratory panels
made following the large-scale test (Table 3).
Very little difference in internal bond (IB),
bending, and dimensional stability proper-
ties was observed in gum/oak panels. Al-
though the initial 1B values may be consid-
ered acceptable, the curing and bonding
phenomenon of phenolic resin appears to
depend heavily on a time-related interaction
between both moisture and temperature.
The push-through steam period of 4 sec-
onds used in fabrication of the large panels
proved marginally low because delamina-
tion spots caused by air pockets appeared in
eight of the thicker panels. Spots were more
prevalent with the B schedule, in which clo-
sure time from initial steam injection to final
board thickness targets was 4 seconds short-
er than in the A schedule. The problem with
air entrapment has never been encountered
with laboratory panels, presumably due to
the relatively short distance between the pa-
nel center and panel edge. A set of three
gum/oak laboratory panels made using a
push-through period possessed mechanical
and dimensional stability properties very
similar to panels made without the push-
through period. Consequently, all other lab-
oratory panels were pressed without the
push-through period (Table 2)

Isocyanate-bonded panels

In general, the large, higher density,
1-1/2-inch-thick panels had acceptable IB
properties and good bending moduli of rup-
ture (MOR) and elasticity (MOE) values.
However, their mechanical properties were
lower than those of similarly constructed
laboratory panels. To eliminate a large var-
iability in sample SG, the average IB and
bending properties for the laboratory panels
(Tables 2 and 3) were adjusted to the target
SG of either 0.72 or 0.67. Mechanical prop-
erty data for the large panels (Table 1), on
the other hand, are shown as unadjusted
values. The most notable difference be-
tween the properties of the large full-scale
panels and laboratory panels was a three-
fold reduction in IB in the large panels. Ad-
justment for SG would not have appreciably

affected this difference.

Scheduling problems caused an interrup-
tion of 2 weeks during large panel fabrica-
tion. The final panels were fabricated using
an alternate isocyanate. For some unex-
plained reason, maximum panel tempera-
tures attained were higher than those en-
countered in the main trial (160°C versus
140°C). Mechanical properties of these pan-
els, shown in Table 1 under the heading Al-
ternate Isocyanate, were much higher than
those attained in the main trial. Bending
properties were superior to those of com-
parable laboratory-made panels, and the 1B
values were influenced by the species mix-
ture. The IB strength of large gum/oak pan-
els was two-thirds that of the laboratory pan-
els, whereas the IB strength of large all-gum
panels was greater than that of the lab-
oratory panels.

A set of three isocyanate-bonded gum/oak
panels was made in the laboratory to deter-
mine the effect of reduced resin content.
There was a 17 percent reduction in 1B
strength for gum/oak panels made with 2
percent isocyanate compared to panels
made with 3 percent isocyanate. Bending
properties were reduced approximately 5
percent (Table 2). The thickness swelling
values were slightly higher, whereas linear
expansion values remained approximately
the same.

Another set of isocyanate-bonded gum/
oak laboratory panels was made to deter-
mine the effect of reduced press time (Table
2). The total press time was reduced suc-
cessively from 148 to 66 seconds with no
reduction in mechanical or dimensional sta-
bility.

Laboratory isocyanate-bonded oak panels
conventionally pressed for 545 to 550 sec-
onds had higher IB and bending properties
than panels pressed with steam injection
(Table 2). Surprisingly, however, the dimen-
sional stability of the steam-injected panels
was noticeably better than that of panels
pressed conventionally. This is the first time
that we have found major improvement in
dimensional stability that could be attri-
buted to this type of steam-injection process.
This phenomenon may be species depen-
dent. None of the variables studied, includ-
ing species and density, had an appreciable
effect on altering dimensional stability of
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the steam-injected panels [Table 1).

Phenolic-bonded panels

In total, 13 large phenolic-bonded panels
were constructed. Only one set of three pan-
els had any appreciable 1B strength (Table
1). These panels were made after drying the
blended furnish to approximately 2 percent
MC. The properties of these panels com-
pared favorably to those of the isocyanate-
bonded panels. The properties of the phe-
nolic-bonded laboratory panels were supe-
rior to those of the large panels. However,
the difference between the phenolic-bonded
laboratory and the phenolic-bonded large
panels was much less than the difference
between isocyanate-bonded laboratory and
the isocyanate-bonded large panels. The IB
strengths of the laboratory panels ranged
from 69 to 93 psi (Table 3), compared to 60
psi for the large panels (Table 1). In this
study, no great difference was noted be-
tween those panels made with either A or
B pressing schedule.

The phenolic-bonded laboratory gum/oak
panels made at the reduced time of 298 sec-
onds maintained IB strength and dimen-
sional stability properties. However, bend-
ing properties were reduced by approxi-
mately 10 percent.

Contrary to our expectations and to the
results obtained with isocyanate resin, the
conventionally  pressed phenolic-bonded
laboratory panels were not superior in me-
chanical properties to the steam-injected lab-
oratory panels. However, steam injection
had a favorable effect on dimensional sta-
bility of the phenolic-bonded as well as the
isocyanate-bonded laboratory panels. Thick-
ness swell of the conventionally pressed
panels was 1.5 to 2.5 times that of the steam-
injected panels.

Except for much lower IB properties, the
phenolic-bonded laboratory panels were al-
most comparable to the isocyanate-bonded
panels. The low strength retention values
may be related to the low IB values. In fact,
many 1B samples were too poor to test after
exposure to the vacuum-pressure-soak-
ovendry aging cycle. Because of the sensi-
tivity of phenolic resin to moisture during
the curing process, it appears that some ma-
ior resin formulation change is necessary to
adapt this adhesive to the steam-injection
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processing of southern hardwoods.

Summary

Laboratory and pilot plant trials indicate
that thick flakeboard panels can be made
using a steam-injection pressing method.
Flakeboard panels constructed of southern
red oak, sweetgum, and a mixture of these
species were successfully pressed using an
isocyanate resin. Plant trials indicate that
with proper selection of resin and control
of pressing conditions, the properties of
large-scale isocyanate-bonded panels can ap-
proach those of laboratory-made panels. Me-
chanical and dimensional stability proper-
ties were only slightly reduced when isocy-
anate levels were reduced from 3 to 2 per-
cent. Laboratory trials indicate that the press

In: Hamel, Margaret P., ed. Composite board products

time of 147 seconds used in the pilot plant
to manufacture 1-1/2-inch-thick panels may
be reduced to as little as 66 seconds with-
out sacrificing panel quality. Moreover, re-
sults of dimensional stability tests indicate
that the steam-injection process could be
beneficial in reducing thickness swelling in
panels made from the southern hardwoods.

Exploratory research indicates that the
curing and bonding of phenolic resins is
heavily dependent on a time-related inter-
action between both moisture and temper-
ature. Although a few large-scale phenolic-
bonded panels were manufactured with ac-
ceptable properties, both pilot plant and lab-
oratory experiences indicate that improve-
ments in the resin formulation and press
schedules are necessary before phenolic

resin can be used commercially with the
steam-injection  system.
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