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PREFACE

This report describes the manufacturing technology of producing a 

better waferboard at a lower production cost using the inexpensive SSL 

binder. This report forms part of the stated goals in CFS/DSS Project 42.
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ABSTRACT

Overall properties of poplar waferboard can be considerably 

upgraded by the massive use of an inexpensive resin binder 

derived from ammonium-based spent sulphite liquor (SSL). Further 

improvement on waferboard quality can be achieved by the 

combination of higher resin content and thinner wafers. Low-density 

waferboard also can be produced to meet CSA 0188 requirements by using 

aligned wafers.

This inexpensive SSL binder, however, requires a longer press time 

and prefers a higher platen temperature to cure. A new waferboard plant, 

designed and built to fully exploit both technical and economical 

advantages of this binder system, would be ideal. For some existing 

waferboard plants it may be necessary to slightly modify their production 

line in order to adopt this new binder system.

Great savings on resin cost can be realized by substituting the 

expensive petrochemical-based phenolic resin with the renewable and 

inexpensive sulphite liquor binder. Economically and technically 

speaking it is entirely possible to produce a new type of better 

waferboard at a lower cost.
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INTRODUCTION

Canadian waferboard was first produced in 1961 by Wizewood Ltd., 

at Hudson Bay, Sask. Two grades of waferboard, known by the trade name, 

"Aspenite", were produced: sheathing and prime grade. The sheathing 

grade was of a homogeneous board construction using one thickness of wafer 

throughout the board. The prime grade was a three-layer construction using 

wafers of two different thicknesses with thinner wafers on the face layers 

and thicker wafers in the core. The waferboard plant was originally 

designed to use .045-inch-thick (1.14 mm) wafers with 2 percent powdered 

phenolic resin for sheathing grade board, and .015-inch (0.38 mm) wafers 

with 6 percent resin in face layers for the prime waferboard. However, 

difficulity in forming a uniform mat with the .045-inch wafers, 

particularly when manufacturing thin waferboard of 1/4 and 5/16-inch 

(6.3 and 7.9 mm), was encountered during the start-up of the plant. 

Consequently, thinner wafers of about .030 inch (0.76 mm) were introduced, 

increasing the resin consumption from 2 percent as originally expected 

to 3 percent to accommodate the larger surface area of thinner wafers.

The three-layer, prime-grade Aspenite had a smooth surface and high 

bending strength because of the thinner wafers and higher resin loading. 

However, the three-layer Aspenite was too costly to make because of the 

high loading of resin, and eventually production was stopped.

Today there are nine waferboard plants operating in Canada with 

a total annual capacity of 1.1 billion ft2 (3/8-inch basis). These 

produce essentially one grade of board to be used almost exclusively as 

sheathing panels in the construction industry. The rapid growth of
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waferboard on this continent in the last ten years has been really 

phenomenal. Various estimates predict a total production of 2.5 

billion ft2 (3/8-inch) in the year 1985, with 27 waferboard plants

operating in both Canada and the U.S.A.

The success of the waferboard industry is partially due to the 

fact that only a relatively small amount of the expensive petrochemical- 

based phenol-formaldehyde resin is required in the manufacturing. This 

minimum amount of powdered resin, 2.5 to 3.0, is adequate to cover wafer 

surfaces to yield a medium-density panel with strength properties suitable 

for sheating applications. This minimum consumption of resin is also a 

key point to economically produce waferboard which can compete with the 

traditional sheathing-grade plywood. In practice, waferboard is still 

considered to be inferior to plywood in mechanical strength and thickness 

swelling. Therefore, Canadian building codes request in most cases that 

thicker waferboard be used in lieu of plywood. Ironically, the use of 

a minimum amount of phenolic resin is also the major limiting factor that 

has restricted the up-grading of waferboard in the past 20 years; waferboard 

quality and grade have remained essentially the same ever since its production. 

Technically, waferboard quality can be considerably and effectively improved 

by the increasing use of resin binder, as demonstrated in 1961 by Wizewood 

Ltd. Economically, it is more obvious today that better waferboard by 

massive use of resin binder cannot be produced to compete with plywood.

The soaring prices of phenolic resin and its unstable supply appear to 

make the goal of producing better waferboard economically and competetively
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even more unattainable today. Therefore, a new resin binder that is 

inexpensive and abundant in supply must be made available to achieve the 

goal of producing a better waferboard at a reduced cost.

Recent work on developing a resin binder from sulphite mill effluent 

carried out at the Eastern Laboratory, Forintek Canada Corp., has shown 

promise for waferboard production. Laboratory work has indicated that 

ammonium-based spent sulphite liquor (SSL or lignosulphonate) can be used 

without chemical treatment as a thermosetting resin for waferboard (2,3,4). 

This new resin binder is being commercially developed by Tembec Inc. for 

waferboard manufacturing. According to Tembec, the market price for 

Tembind "F", a powdered binder derived from ammonium-based SSL, is about 

one-seveth that of powdered phenolic resin. However, this inexpensive 

SSL binder cures more slowly than the phenolic and prefers higher 

platen temperature.

This report describes the manufacturing technology of producing a 

better waferboard at lower production cost using the inexpensive SSL 

binder. A brief discussion on the technological advantages and economical 

gains of using this new binder system is also presented.
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EXPERIMENTAL PROCEDURE

Materials

1. Wafer Preparation

Wafers were cut from fresh poplar logs with a laboratory waferizer 

into four nominal thicknesses of .012, .018, .024, and .030 inch 

(0.30, 0.46, 0.61 and 0.76 mm). They were all 2 1/2 inches (635 mm) 

in length and ranged from 1/4 to 1 inch (64 to 254 mm) in width. All 

wafers were dried to about 3 percent moisture content and then screened 

to remove fines.

2. Binders

The SSL binder Tembind "F" was prepared from the digested liquor 

supplied by Tembec's sulphite mill at Temiscaming Québec. This ammonium- 

based liquor had about 12 percent solids with a ph of 1.9 and was of 

softwood-dissolving pulp cooking. This liquor was first concentrated to 

about 45 percent solids and then spray-dried into powder. The spray-dried 

SSL powder was further ball-milled with the addition of 1 percent aluminum 

stearite as a dust aresster. After ball-milling, 90 percent of the SSL 

powder passed through a 200-mesh tyler screen.

For comparison purposes, a commercial phenolic powdered resin was 

also used in this study. This phenolic resin has long been used in Canada 

for waferboard manufacturing. Slack wax (Esso 778) was used as a water 

repellent in board making.

Board Preparation

Wafers were first sprayed with 2 percent molten wax before being
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blended with the powdered resin binder. One size board, 18 x 10 x 7/16 

inch (457 x 457 x 11.1 mm), was made in this study. The mats were manually 

felted onto a caul plate which had been treated with a release agent to 

prevent sticking. Most boards were of homogeneous construction using one 

thickness of wafer through the board. There were few three-layer boards 

with thinner wafers on face layers and thicker wafers in core. Board 

density based on o.d. weight and condition volume was about 40 to 41 pcf 

(sp. gr. 0.640 to 0.655) in most cases. A few aligned boards of lower 

density were also included.

For pressing, a 24- by 24- inch (610 by 610 mm) press heated with 

steam to platen temperatures of 410 and 428°F (210 and 220°C) was used.

For SSL boards, a platen temperature of 220°C was used with a press time 

of 8 minutes. For phenolic boards, a platen temperature of 210 C with 

6 1/2 minutes press time was used. The closing pressure was 500 psi 

(3.45 MPa) and the press was closed to stops.

Board Evaluation

Mechanical properties such as modulus of elasticity (M0E), modulus 

of rupture (M0R, both in dry and wet), torsion-shear (T.S., both in dry 

and wet), and physical properties such as thickness expansion, springback 

and water absorption were tested. The wet strength was obtained from the 

specimens after immersion in boiling water for two hours followed by 

immersion in cold water for one hour before testing. This boil test is 

also specified by CSA 0188 as an accelerated aging test for exterior-grade 

composite panels (1). In addition, the wet strength of torsion-shear was
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collected and presented as to indicate the degree of cure of resin binder. 

Thickness expansion and water absorption were also obtained from the 

boiled torsion-shear specimens. The springback (as permanent set) was 

derived from the boiled MOR specimens after being tested and reconditioned.

Experimental Design

Two independent variables were selected for evaluation:

1. Resin Content

Three resin contents to 2.5 percent for phenol and 6 and 12 percent 

for SSL.

2. Wafer Thickness

Four nominal wafer thicknesses of .012, .018, .024, and .030 

inch (0.30, 0.46, 0.61, and 0.76 mm) were selected.

A total of 36 boards were made under two press conditions for the 

12 combinations of two variables. There were three replica boards in 

each combination.

Algined Boards

Six boards were made with face wafers aligned perpendicular to core 

wafers of varied densities ranging from 28.3 to 41.2 pcf (sp. gr. 0.45 to 

0 .66).
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RESULTS AND DISCUSSION

Resin Content

Figures 1 to 4 show the overall properties of 36 waferboards divided 

into three groups by three levels of resin content of two types of resin. 

The first group of boards bonded with 12 percent Tembirid "F" powder clearly 

demonstrates the superior board quality: every mechanical and physical

property is the best among the three groups. Significant improvement over 

modulus of elasticity and thickness expansion and springback can be 

readily noted: MOE increases by about 25 percent, thickness expansion and

springback reduces from 50 to 300 percent respectively when compared with 

boards bonded with 2.5 percent phenolic resin (Figure 5).

Furthermore, boards made with .012 mm wafers and 12 percent SSL 

binder had a much smoother, tighter, and continuous surface both in dry 

and wet condition. The overall properties of the second group of boards 

bonded with 6 percent Tembind "F", and the third group of boards bonded 

with 2.5 percent phenolic resin, appear to be very close to each other.

Dry MOR, and torsion-shear are slightly better for phenolic-bonded boards; 

the reverse is true in the case of wet strength. Strong evidence in MOE, 

thickness expansion and springback indicates that the board bonded with 

6 percent Tembind "F" is better in these properties.

Wafer Thickness

Wafer thickness definitely has played an important and selective role 

in board properties.. As a general trend, thinner wafers yield a board
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stronger in bending strength; both MOE and MÜR increase with thinner wafers 

but weaken in torsion-shear and dimensional stability. This general trend 

appears to be stronger and more consistent in boards bonded with low resin 

contents. However, this trend, with particular regard to dimensional 

stability, has less effect on boards bonded with 12 percent SSL binder.

This may suggest that these positive and negative effects of wafer thickness 

in a three-layer board construction with thinner wafers on face layers 

and thicker wafers in core could result in balanced board properties to 

achieve the maximum benefit of wafer thickness.

Low-density Aligned Boards

Figures 6 to 9 summarize the general properties of six aligned waferboards 

with densities ranging from 28.3 to 41.2 pcf (sp. gr. 0.45 to 0.66).

These boards were made of three-layer construction having a 50 percent 

by weight of .012-inch (0.30 mm) wafer in face layers with 12 percent 

Tembind "F" and a 50 percent by weight of .018-inch (0.46 mm) wafers in core 

with 8 percent of Tembind "F". The wafer orientation in the face layers 

and core were aligned perpendicular to each other. The mechanical properties 

of these six boards show an almost linear relationship to board density: 

the higher the board density, the stronger the strength properties. Also, 

it is of particular interest to note that lower board density has a beneficial 

effect on dimensional stability. The lower the board density, the less the 

thickness expansion and springback. The highly dimensional stability of the 

low-density board is most likely due to the result of high resin content, the
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nature of resin, thin wafers, and a more vigorous press condition.

It was a surprise to find that a 30-pcf-density (sp. gr. 0.48) 

aligned board made with thin wafers and a high resin content could possess 

adequate strength and excellent dimensional stability to meet the CSA 0188 

requirements.

The massive use of an inexpensive SSL binder has evidently demonstrated 

its capability of changing the conventional waferboard technology without 

bearing the economic restraints to produce an improved and diversified end 

product.

The combination of higher resin content, thin aligned wafer, and a 

vigorous press condition can be credited for producing strength and excellent 

dimensional stability.

Traditionally, Canadian waferboard has been known for its low bending 

strength, rough surfaces and excessive thickness swelling. These drawbacks 

inherited from the existing waferboard technology have long been identified 

as the major obstacles which have severely limited the structural application 

of waferboard other than as a sheathing panel. Further refinement of this new 

manufacturing technology may enable the waferboard industry to economically 

produce a new type of waferboard that can broaden its structural applications 

and general usage.

Economic Gains

According to Tembec Inc., the Canadian manufacture of ammonium-based 

SSL binder, the original SSL binder Tembind "F" powder would be available at 

about 10 cents per pound. The current price for phenolic powdered resin is 

about 70 cents per pound.
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Using 6 percent powdered Tembind "F", a waferboard with properties 

very close to that bonded with 2.5 percent phenolic could be produced at a 

greatly reduced cost because of the inexpensive SSL binder. Using 12 percent 

SSL, a much improved waferboard still could be produced at a competitive cost. 

Based on these figures, it would require about $35 of phenolic resin at 2.5 

percent, $12 of SSL at 6 percent, and $24 at 12 percent for the resin cost 

to produce one ton of waferboard. The saving on resin cost per ton of wafer- 

board would be $23 and $11 respectively, if 6 and 12 percent of SSL is used 

in lieu of 2.5 percent phenolic resin. Further substantial savings on resin 

cost could be realized if a liquid SSL binder were to be used.

It may be argued that the inexpensive SSL binder requires a longer 

press time and higher temperature to cure. The cost saving on resin alone, 

even when using 12 percent SSL finder, seems to be more than enough to 

compensate for the extra energy consumption for making SSL-bonded board. 

Furthermore, there would be a great saving on wood. Theoretically, there 

should be 12 percent wax and 86 percent wood by weight in an SSL-bonded wafer- 

board as compared to 2.5 percent phenolic binder, 2 percent wax and 95.5 

percent wood in a phenolic-bonded board. The 9.5 percent (this figure could 

be lower because of the nature of SSL resin and vigorous pressing conditions) 

saving on wood could be economically attractive.

In addition, low-density board with adequate strength properties 

and excellent dimensional stability could be made with a higher resin content 

and thin wafers. A 35-pcf-density (sp. gr. 0.56) waferboard with 12 percent 

SSL binder actually consumes about 20 percent less wood than a 40-pcf-density 

(sp. gr. 0.64) board bonded with 2.5 percent phenolic resin. Furthermore,
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low-density board is technically easy to manufacture, light to handle, and 

economical to ship.

Applicability of the New Technology

Ideally, a new waferboard plant should be designed and built to 

fully exploit the economical and technological advantages of this new 

binder system. All that is required is a higher pressing temperature or a 

longer pressing time and thinner wafers. These can be readily accommodated 

with the existing waferboard manufacturing technology. For a conventional 

waferboard plant that is incapable of operating at platen temperature higher 

than 210°C, a post-heating treatment may be required (2). On the other hand, 

an existing plant may use the fractionated SSL binder of low molecular 

weight which cures faster but at a relatively higher cost (4). The 

saving on this modified SSL binder of course would not be as attractive as 

the more inexpensive original SSL Tembind "F".
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CONCLUSION

The overall properties of poplar waferboard can be greatly upgraded 

by using a higher content of the inexpensive ammonium-based SSL binder. Both 

mechanical and physical properties improve as resin content increases. Thinner 

wafers have a positive effect on bending strength but a negative effect on 

torsion-shear and dimensional stability. The combination of higher loading 

of SSL binder and thinner wafers makes it possible to produce low-density 

board with excellent dimensional stability. The bending strength of these 

lower density boards can be further augmented with aligned wafers in surface 

layers of waferboard.

Great economical gains and technological advantages of this new 

SSL binder system can be fully exploited if a new waferboard plant is designed 

and built to specifically accommodate this new manufacturing process. For 

an existing waferboard plant, some minor modifications along its production 

line may be necessary in order to adopt this binder system economically.

The availability of this low-cost binder, which is derived from a 

renewable resource and is domestically abundant, may possibly open a new 

path for the waferboard industry to further expand: it is entirely possible

to produce a new type of better quality waferboard at at lower cost.
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FIGURE 5 THICKNESS EXPANSION AND SPRINGBACK OF WAFERBOARD BONDED WITH 2.5% PHENOLIC, 6% AND 12% SSL 
RESIN. x
TOP ROW: WET SPECIMENS AFTER BOIL.
BOTTOM ROW: DRY SPECIMENS AFTER BOIL.



12% TEMBIND "F” FOR FACE .012“ WAFER 

8% TEMBIND "F" FOR COKE .013” WAFER

FIGURE 6 EFFECT OF BOARD DENSITY AND WAFER ORIENTATION ON MOE
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FIGURE 8 BOARD DENSITY VS. TORSION-SHEAR
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FIGURE 9 BOARD DENSITY VS. DIMENSIONAL STABILITY


