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SGM4AKY

Steam pressing was successfully applied to produce dimensionally stable 
waferboard in relatively short press times. A  new self-sealing technique 
against loss of injected steam provided a practical means of attaining the 
temperatures required to cure phenolic resins and to impart the desired 
dimensional stability.

An examination of process variables showed that steam pressing was effective 
with powdered and liquid phenolic formaldehyde resins as well as isocyanate 
binders. Thickness swelling as measured by the 24 hour water soak test was 
limited to less than 5 percent by certain phenolic resin formulations and 
isocyanate binders. Although the internal bond strength conplied with the 
minimum requirement for waferboard, it was lower than expected. This was 
assumed to be caused by resin curing prior to the completion of mat 
consolidation. This should not occur in larger presses.
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1.0 OBJECTIVES

To develop proœss information on a new self edge-sealing, steam pressing 
technique for waferboard by assessing the effects of steaming cycle, resin 
characteristics and mat moisture content.

2.0 INTRODUCTION

The basic function of the conventional pressing operation in the manufacture 
of wood-based caposites is to develop an adhesive bond between individual 
wood elements (i.e. particles, wafers and fibers) and not to stabilize 
compressed products. The discontinuous structural characteristics of the mat 
and low resin content require high densification to obtain adequate strength 
properties in carposites. The density of wood in the conposite is normally 
increased by more than 50 percent. Much of this densification will spring 
back when a composite absorbs water in either liquid or vapour form. 
Therefore, when conventional hot pressing techniques are errployed, the 
thickness swelling of wood-based carposites is much higher than the natural 
swelling inherent to wood.

Excessive thickness swelling is the primary factor in limiting the use of 
wood-based carposites for exterior and structural applications and remains 
the main obstacle to market expansion, particularly for waferboard/OSB. 
Consequently, it is desirable to develop a pressing technology which can 
yield dimensionally stable products in reasonable press times.

In conventional pressing of wood-based coposites, heat is transferred to the 
mat by conduction from the heated platens. Moisture in the furnish is 
converted into steam, and by a process of forced convection the heat 
penetrates the mat and is sufficient to cure the resin when moderate- 
tenperature-curing resins are used (i.e., urea-formaldehyde resin, melamine- 
formaldehyde resin and isocyanate). However, when high-terperature-curing 
resins are used (i.e., waferboard/OSB phenol-formaldehyde resins) the curing 
tenperature cannot be obtained from forced convection of steam generated from 
hot pressing alone. Temperatures will rise only after the moisture/steam 
dispates and heat is transferred to the dry mat by conduction. This second 
stage heat transfer is less efficient and significantly affects the time 
required to raise the mat core temperature to a level sufficient to cure the 
phenol-formaldehyde resin used in waferboard/OSB.

The necessity of minimizing press time has been of considerable importance in 
production. Through the advancement of resin technology, without 
consideration of product stability, the press times have been reduced
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significantly over the past few years. Unfortunately, the reductions in 
press times have resulted in a significant decrease in the dimensional 
stability of the product. Attempts have been made to reduce press times by 
injecting steam into the mat during hot pressing. Five steam pressing 
methods have been developed and patented over the past 22 years in North 
America. However, all the patented processes are either impractical, not 
workable or simply not able to stabilize the product.

The wood-based panelboard industries can foresee an impending crisis where 
supply will exceed demand for the existing markets. This is especially true 
for the Canadian waferboard/OSB producers. Sharp competition from the U.S. 
manufacturers has driven the price close to the production costs. This will 
make it difficult for older Canadian mills to conpete with the newer and more 
efficient mills in the U.S. To strengthen the conpetitiveness of the 
Canadian waferboard/OSB industry, the production efficiency and board quality 
must be improved without significantly increasing production costs. 
Dimensionally stable waferboard/OSB can diversify markets and ease the 
potential supply/demand crisis.

At present, all patented steam pressing processes have severe drawbacks. A 
sealed steam pressing system can produce stable products but mechanical seals 
are impractical and present some risk of explosion. An unsealed steam 
pressing system is practical when used with moderate-temperature-curing resin 
at relatively shorter press times. However, it cannot provide the degree of 
dimensional stability required for applications where high moisture and water 
exposure are expected to be encountered. Despite these limitations, the 
principle of steam pressing is a logical approach to pursue for the 
production of dimensionally stable materials at short press times.

3.0 BACKGROUND

3.1 STEAM PRESSING TECHNIQUES

Steam pressing technology is not new. Corbin and Hall (1966) described a 
process which reduces press time by introducing dry steam into the mat during 
hot pressing. According to their patent, moisture in the mat is vaporized by 
the forced convection of dry (superheated) steam. The large quantity of heat 
input serves to consolidate the mat by plasticization of lignocellulosic 
material and to accelerate the cure of the thermosetting binders used. The 
steam and displaced air are exhausted through the edges of the mat in 
response to the pressure differential created by short periods of high 
pressure steam injection (Figure 1). The drawbacks of this process are:
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Figure 1. Schematic diagrams for unsealed steam pressing techniques
described in U.S. Patent 3,280,237
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. large loss of expensive superheated steam 

. high capital cost for superheater

. uneven heating throughout the mat and thus a tendency to cause warp 

. little stabilization effect on the product

Shen (1975) provided these problems by developing a sealed steam pressing 
method and apparatus at the Eastern Forest Products Laboratory, Ottawa, 
Canada. A  peripheral sealing wall is placed between the upper and lower 
platens to form a sealed chamber as the press platens come to the closed 
position. Saturated steam under pressure is injected into the mat from an 
apertured platen after the mat has been compressed to its final thickness. 
The steam is then exhausted through the opposing apertured platen on the 
other side of the mat (Figure 2a). Two-way injection is also possible by 
alternating supply and exhaust between platens (Figure 2b). The advantages 
of this system are:

. low loss of steam

. dramatic reduction in press time

. great stabilization effect on the product

However, it has the following severe drawbacks :

. risk of explosion

. heavy peripheral sealing wall construction and reliable sealing 
system required

. reduction in usable press area and daylight 

. higher operation and maintenance costs

By modifying Shen's patent, another patent of a closed steam pressing method 
and apparatus was issued to Nyberg (1980) and assigned to Hawker Siddeley 
Canada Ltd. An apparatus similar to Shen's is used to form a sealed steam 
chamber when the press is closed. Steam is injected from an apertured platen 
into the mat and then exhausted form the same platen after the completion of 
steaming (Figure 3). The shortcomings of this system are:

. risk of explosion

. air and water pockets formed (i.e., uncured areas formed due to lack 
of pressure differential within the mat)

. difficult to seal the heavily constructed peripheral wall 

. higher operation and maintenance costs

To overcome the awkwardness of the sealed steam pressing system Geimer (1983) 
developed and patented an unsealed steam pressing method at the Forest 
Products Laboratory, Madison, U.S.A. Saturated steam is introduced into the
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Figure 2. Schematic diagrams for sealed steam pressing techniques
described in Ü.S. Patent 3,891,738

5



Figure 3. Schematic diagrams for sealed steam pressing techniques
described in Canadian Patent, 1,075,140
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mat through upper and lower apertured platens (Figure 4) . Simultaneously, 
the mat is compressed at a rate such that a specified mat core temperature is 
attained before the mat reaches a specified thickness or density. Following 
this, the mat is compressed to the desired thickness while steam injection is 
continued for a short period until the maximum core temperature is reached. 
The mat is held in the press until the resin is cured. The disadvantages of 
this method include:

. large loss of steam

. air and water pockets formed in large and thick panels 

. low steam pressure built-up, especially for thick boards (i.e., 
inadequate to cure high-temperature-curing resins)

. little stabilization effect on the product

A  more recent patent related to a hot gas pressing system was granted to 
Taylor and Reid (1985) and assigned to Weyerhaeuser Company. Basically, the 
method is similar to that described in Geimer's patent issued in 1983, with 
the exception of some variations in the means by which steam is injected and 
exhausted. As the mat is compressed to an intermediate thickness range which 
is greater than the final thickness, steam is injected into both upper and 
lower surfaces of the mat for sufficient time to substantially saturate the 
mat with steam, facilitating compression. In the meantime, excess steam is 
exhausted through the edges of the partially compressed mat (Figure 5a) . To 
ensure complete steam saturation (i.e., to displace air or water pockets), 
steam is continuously forced through the mat by changing one injection platen 
to an exhaust platen while the mat is still within the intermediate thickness 
range (Figure 5b). After saturation the final pressing stage is employed to 
consolidate the mat to the desired thickness (Figure 5c) . Other features of 
this system include:

. drawing a vacuum over both surfaces after venting, or 

. injecting steam into both surfaces of the mat before opening the 
platens

Although this pressing system is commercially available, it still has the 
following disadvantages:

. large loss of steam

. little stabilization effect on the product 

. not able to cure high temperature curing resin 

. complicated steam injection and exhaust schedule required 

. Concern of precure for moderate-temperature-curing resin due to steam 
injection in the early stage of compression
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Figure 4 Schematic diagrams for unsealed steam pressing techniques
described in U.S. Patent 4,393,019
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Figure 5. Schematic diagrams for unsealed steam pressing techniques
described in U.S. Patent 4,517,147
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In short, sealed steam pressing systems have not been practical and unsealed 
steam pressing fails to stabilize the product in a reasonable range of press 
time.

3.2 NEW EDGE-SEALING METHOD

To overcane the disadvantages and retain the benefits of the steam pressing 
systems mentioned previously, a self edge-sealing technique was developed by 
Hsu (1988) at the Eastern Laboratory, Forintek Canada Corp. (patent pending) . 
A narrow and thin compression frame is attached around the periphery of the 
top platen or the top plate so that when the platens are closed, the edges of 
the mat are conpressed more than the rest of the mat so that the edges are 
highly densified. This causes a self sealing of the mat edges. In other 
words, when the press is in its closed position, the edges of the mat are 
effectively sealed from the atmosphere as a result of the additional edge 
compression imparted to the mat by the conpression frame. Being self-sealed, 
the steam pressure can be built-up high enough to provide sufficient heat to 
cure resin and to stabilize the conpressed product in a very short period of 
time. In practice, steam pressing can be carried out in several ways. For 
example:

. Simple one-way steam injection from the supply platen to the exhaust 
platen (Figure 6a)

. Two-way injection by alternating supply and exhaust between platens 
(Figure 6b)

. One-sided injection, exhaust and re-injection from a single supply 
platen, with final exhaust prior to opening the press (Figure 6a)

. Simultaneous, two-sided injection followed by two-sided exhaust and 
two-sided re-injection, with final exhaust prior to opening the 

press (Figure 6d)

The advantages of this system can be summarized as follows:

. great stabilization effect on the product

. dramatic reduction in press time for thick boards (e.g. 5/8 in. and 
thicker)

. easy to inplement
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. able to cure high-terrperature-curing resin 

. low loss of steam

However, this system has two minor shortcomings :

. slight loss of usable daylight of the press due to the use of 
compression frame

. different thicknesses of compression frames are needed if a wide 
range of board thickness are to be produced

4.0 STAFF

E. Hsu Project Leader
Research Scientist

G. Bastien Technologist

M. Lefebvre Technologist

5 . 0  EXPERJ^GMAL

To verify the effectiveness of the self edge-sealing steam pressing system, 
various combinations of steam pressing variables were selected for making 
waferboards. The variables included injection steam pressure, steaming
cycle, steaming direction and the time to start steam injection (Table 1) . 
Conventional laboratory techniques were used to prepare the mats and unless 
specified otherwise, the raw material and pressing constants were as follows:

. species :

. wafer size:

. mat moisture content:

. press tenperature:

. press pressure:

. resin content :

. wax content and type:

. board size:

. thickness of conpression frame: 

. target board density:

aspen
0.027 x 1.5 inch x random width 
5%
410°F 
500 psi 
2%
1.5% slack wax 
0.75 x 24 x 24 inch 
0.25 inch 
39 lb/ft3
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Table 1

Thickness Swelling (TS) and Internal Bond Strength (IB) of Steam-Pressed 
Waferboard Made by Injecting and Exhausting Steam on One Side1

Steam
Pressure
psig

Steaming3
Cycles
min.

TS - 24 hr. 
Horizontal

Soak (%) 
Vertical

IB
psi

150 1.5b 9.3 33.5 -

150 2.015 6.7 25.6 -

150 2.5b 5.6 14.2 63

150 2.5C 5.6 12.8 55

150 3.015 4.8 6.3 62

200 2.Oh 4.6 9.0 64

200 2.5b 4.6 7.5 63

Boards made with phenol-formaldehyde resin.

3 including: injecting for 30 sec.
exhausting for 15 sec. 
injecting to complete the cycle

b pressed for 60 sec. prior to steaming

c pressed for 30 sec. prior to steaming
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To show that various resins can be cured by self edge-sealing steam pressing, 
several resin types and different phenol-formaldehyde resins were used for 
steam pressing. The resins used include the following:

. isocyanates MDI

. powdered phenol-formaldehyde resins 

. liquid phenol-formaldehyde resins

The different characteristics of the phenol-formaldehyde (PF) resins were:

. water insoluble PF resin 

. water soluble PF resin 

. various pH values of PF resin

The normal steaming cycle consisted of the following steps. Exceptions are 
as noted in the text.

. steam for 30 sec. initiated 1 min. after start of press closure 

. exhaust for 15 sec.

. steam for 2 min., 15 sec. to complete a 3 mm steaming cycle or 1 
min., 15 sec. to complete a 2 min. steaming cycle

After pressing, the waferboards were cut into appropriate specimens and 
tested within three days. Thickness swelling was measured under horizontal 
and/or vertical soak tests in water at 20°C for different periods of time to 
determine the dimensional stability of waferboard produced by the steam 
pressing technique. Internal bond strength was tested to determine whether 
steam pressing could cure the resin used. Bending properties were also 
determined for seme of the waferboards.

6.0 RESULTS AND DISCUSSION
The results of this study are summarized in Tables 1 to 6. Since the 
densified self-sealed edge was 23.5 percent of the total board surface area, 
the resistance to compression was high and more than 3 minutes were required 
to close the press to the target board thickness. Therefore, there is a 
strong suspicion that some resin cured before the completion of board 
densification.
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Table 2

Thickness Swelling (TS) and Internal Bond Strength (IB) of Steam-Pressed 
Waferboard Made by Injecting and Exhausting Steam on Two Sides Consecutively1

Steam TS Horizontal Soak (%) IB
Pressure
psig

24 hr. 96 hr. psi

150 4.4 8.5 51

200 4.0 7.9 77

Boards made with phenol-formaldehyde resin. Steaming 
cycle of 30 sec. injection, 15 sec. exhaust and 
15 sec. reinjection at each side
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Table 3

Effect of pH Values of PF Resins on the Thickness Swelling 
of Steam-Pressed Waferboard

Type
Resin

Code3 PH

Board 
Density 
lb/ft3

Thickness 
24 hr. 
Soak

Swell(%) 
24 hr. 
Soak

Powdered
BD003 FI 10.21 38.6 5.8 14.1

Powdered 
ERP 9235 F2 9.72 38.5 5.7 16.2

Powdered
W735B F3 9.82 38.4 6.5 15.4

Powdered 
ED 023 Cl 10.35 38.5 6.1 16.4

Powdered
GP5478 C2 10.34 38.7 6.1 14.3

Powdered
GP78C85 El 9.86 38.8 4.6 12.1

Powdered
GP78C86 E2 12.06 37.9 10.6 20.8

Liquid E3 14.0 38.6 7.1 15.3

Liquid E4 8.1 38.3 4.3 11.2

Control 39.5 8.5 29.2

a = F: face resin 
C: core resin 
E: experimental resin
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Table 4

Effect of pH Values of PF Resins on the Mechanical Properties 
of Steam-Pressed Waferboard

Type
Resin

Code3 pH

Board 
Density 
lb/ft3

IB
psi

MOE
103 psi

MOR
psi

Powdered
ED003 FI 10.21 38.6 53 609 2911

Powdered 
BRP 9235 F2 9.72 38.5 51 546 2700

Powdered
W735B F3 9.82 38.4 58 568 2801

Powdered 
BD 023 Cl 10.35 38.5 52 573 2745

Powdered
GP5478 C2 10.34 38.7 69 582 3078

Powdered
GP78C85 El 9.86 38.8 61 573 3047

Powdered
GP78C86 E2 12.06 37.9 28b 483 1837

Liquid E3 14.0 38.6 60 568 3623

Liquid E4 8.1 38.3 47 553 2717

Control 39.5 39 725 3642

a = F: face resin b: surface failure
C: core resin 
E: experimental resin
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Table 5

Effect of Isocyanate and Experimental Phenol-Formaldehyde Resins on 
the Thickness Swelling of Steam-Pressed Waferboard

Resin
(2%)

Steam
Cycle1
min.

Thickness Swelling (%)
24 hr. 96 hr. 120 hr. 
Soak Soak Soak

ISO 4412 3 3.5 - 9.0

ISO 5412 3 3.5 - 8.9

ISO 5412 2 3.9 - 10.0

BI 5023 3 5.9 14.7 -

1418-164 3 6.5 16.8 -

1418-174 3 6.3 13.8 -

1 Includes 15 sec. of exhaust after the initial injection period.

2 Isocyanate MDI.

3 Experimental powder phenol-formaldehyde, water insoluable.

4 Experimental powder phenol-formaldehyde, water soluble.
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Table 6

Effect of Isocyanate and Experimental Phenol-Formaldehyde Resins 
on the Mechanical Properties of Steam-Pressed Waferboard

Resin
(2%)

Steam
Cycle1
min.

Mat
MC
%

Board 
Density 
lb/ft3

IB
psi

MOE
103 psi

MOR
psi

ISO 4411 3 9 40.1 65 736 4250

ISO 5412 3 9 40.4 61 767 4570

ISO 5412 2 9 39.5 72 701 4369

BI 5023 3 5 40.1 44 628 2883

1418-164 3 5 40.4 47 584 2634

1418-174 3 5 40.0 55 608 2764

1 Includes 15 sec. of exhaust after the initial injection period.

2 Isocyanate MDI.

3 Experimental powder phenol-formaldehyde-water insoluable.

4 Experimental powder phenol-formaldehyde-water soluble.
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6.1 EFFECT OF STEAMING PARAMETERS

Tables 1 and 2 show that the thickness swelling of waferboard was influenced 
by steam pressure, steam cycle and injection mode at relatively short press 
times. Table 1 indicates that the thickness swelling decreased with 
increasing steaming cycles of 1.5 min. to 3.0 min. when steam at 150 psig was 
injected from one side and exhausted from the same side. Any pockets of 
water or air were dissipated during the 15 sec. exhaust phase after initial 
steaming. Somewhat better results were obtained when a steam pressure of 200 
psig was used. The thickness swelling of waferboards decreased slightly with 
an increase in steam pressure from 150 psig to 200 psig when the steam was 
injected and exhausted from the same side (Table 1) or alternately from each 
side (Table 2).

Both Tables 1 and 2 illustrate that satisfactory internal bond strength was 
obtained with phenol-formaldehyde resin when the self edge-sealing steam 
pressing technique was used. Therefore, it appears that steam dilution of 
phenolic resin was not a problem under the conditions studied.

6.2 EFFECT OF RESIN PARAMETERS

The effect of the pH of phenol-formaldehyde resin on thickness swelling of 
steam-pressed waferboard was negligible within the relatively narrow pH range 
(9.72 - 10.35) of the commercial resins (Table 3). Experimental resins with 
a large difference in pH showed that substantially higher pH values have an 
adverse effect on thickness swelling.

Table 4 summarizes the mechanical properties of the waferboards made with 
resins of different pH. There was no clear effect of resin pH and most 
resins produced boards with satisfactory internal bond strength and bending 
properties.

Table 5 shows that isocyanate resins performed better in terms of thickness 
swelling than either of two experimental phenol-formaldehyde resins (water 
soluble and insoluable). However, at roughly six percent swelling after 24- 
hours soaking, the phenolic resins still produced a relatively stable board. 
The water solubility of the phenolic resin was not a factor in thickness 
swelling of steam-pressed waferboard.

The isocyanate resins also resulted in better internal bond and bending 
properties (Table 6). The higher MOE and MOR of isocyanate-bonded waferboard 
could be attributed in part to a higher press closing rate, facilitated by 
the higher moisture content of the isocyanate-blended furnish. On the other
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hand, the internal bond of isocyanate-bonded boards, at 60 to 70 psi, was 
much lower than expected.

Since the internal bond for isocyanates is typically in the neighbourhood of 
100 psi, it was suspected that the resin cured prior to maximum board 
densification. The resistance to extreme compression under the edge-sealing 
frame prevented more rapid press closure inspite of the higher moisture 
content. In large presses this should not be a significant problem since the 
highly compressed edge seal portion would be less than 10 percent of the 
total mat area conpared to 23.5 percent in the study panels.

6.3 EFFECT OF MAT MOISTURE

The internal bond of steam-pressed waferboard made with three powdered 
phenol-formaldehyde resins at each of two mat moisture contents is given in 
Table 7. Although one of the resins gave acceptance results at both moisture 
levels, the only specimens clearly above minimum requirements (50 psi) were 
those made with low moisture furnish.

7.0 OCNCUJSICNS AND REŒMMENDATICNS

The principle conclusion of this study is that dimensionally stable 
waferboard can be produced under relatively short press times by using a 
newly developed self edge-sealing steam pressing technique.

Conventional phenol-formaldehyde and isocyanate resins are suitable for steam 
pressing. With the proper mat moisture content, resin pH and steaming cycle, 
the thickness swelling (24 hr. soak) can be reduced to less than 5 percent 
without affecting internal bond and bending properties. Drier wafers and a 
lower pH tend to improve the qualities of phenolic-bonded boards.

The internal bond of steam-pressed boards can be inadequate if the press 
closing rate is too slow. This can occur in small laboratory presses of 
limited pressure, where the highly compacted edges may represent well over 20 
percent of the mat area. To alleviate these concerns test results should be 
obtained from a full-size steam press using the self edge-sealing technique.

Studies should be undertaken to confirm that the new steam pressing technique 
is equally appropriate for the stabilization of particleboard and medium 
density fiberboard. New products such as siding, fencing and composite 
lumber should also be developed and tested to take full advantage of the 
process.
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Table 7

Effect of Mat Moisture Content on the Internal Bond Strength (IB)
of Steam Pressed-Waferboard Made with Powdered Phenol-Formaldehyde Resin1

Mat
MS
%

Board 
Density 
lb/ft3

Board
MS
%

Resin
No. IB

psi

9.5 40.1 5.8 W735 B 39

9.7 41.1 5.9 W735 A 36

7.4 42.6 5.1 BRP 9235 51

4 39.1 5.5 W735 B 64

4 39.1 4.7 W735 A 56

4 39.3 4.6 BRP9235 48

1 Pressed with a 3 
exhaust, 2 min. 15

min. steaming cycle 
sec. injection)

(30 sec. injection, 15
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