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SUMMARY

♦

Through collaboration with a resin manufacturer (Bokem, Longueuil, Québec), a 
commercial lignin-phenol-formaldehyde resin for the manufacture of 
OSB/Waferboard has been developed. The resin exhibits some "pre-cure" 
resistance and is available as a spray-dried powder. It could be used as a 
face resin for the manufacture of three-layer waferboard or throughout in 
thin homogeneous panels.

Preliminary HPLC and DSC results indicated that the SSL components react with 
the phenol-formaldehyde resin during board pressing. The molecular weight 
distribution of the PF copolymer as well as the SSL-PF ratio influenced the 
adhesive properties and spray drying yield of the resin.
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1.0 OBJECTIVES
To identify the parameters (catalyst, additives) required to produce a 
NH^SSL-PF resin which could be spray dried into a powder resin for 
waferboard applications.

To select a NH^SSL-PF resin formulation and carry out the preliminary 
quality control tests required for a mill evaluation of NH^SSL-PF 
resin.

To prepare a small batch of NH^SSL-PF resin and produce boards in a 
waferboard plant for evaluation.

In collaboration with a resin manufacturer, to identify a lignin-PF 
resin for testing on plant-trial scales

2.0 INTRODUCTION

Lignin is one of the most abundant, under-utilized and readily available 
resources in the world. The pulp and paper industry produces millions of 
tonnes of lignin every year and only a fraction of it has been economically 
utilized. There has been a tremendous amount of research on the utilization 
of lignin as an adhesive for wood composites (for recent reviews see Matte 
and Doucet, 1988; Steiner, Calvé, Clarke and Shields, 1988; Nimz, ,1983). In 
fact, there are several thousand patented processes on the utilization of 
lignin, in general, however, few have reached the commercial stage.

In the early sixties, Pederson and Jul-Rasmussen of Denmark invented a 
process of utilizing spent sulfite liquor (SSL) as a binder for the 
manufacture of exterior grade particleboard. This process was put into 
commercial production, however it was not economically viable. It involved 
two long curing steps; pressing followed by autoclaving. The manufacture of 
the SSL bonded panels was discontinued.

In the 1970's the Canadian Wood Products Division of the Department of 
Industry, Trade and Commerce requested the Eastern Forest Products Laboratory 
(EFPL) to investigate the Pederson process. Research at EFPL (now Forintek) 
on the development of lignin binders has been carried out (with some 
interruptions) for the last fifteen years. Among others, three Forintek 
patented processes on the utilization of SSL as adhesive for waferboard have 
resulted from this research (Shen, 1980; Shen, Fung and Calvé, 1981; Calvé 
and Brunette, 1986). Each patented process refers to an amelioration of the 
previous ones to make it more technically or economically viable. In one of 
the latest developments, the adhesive system consists of a phenol- 
formaldehyde (PF) resin dispersion produced from an alkaline solution of high 
molecular weight PF using an acid precipitation technique. The "acid 
catalyzed" PF dispersion was then blended with an aqueous solution of
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ammonium spent sulfite liquor (NH^SSL) to form a fine particle adhesive 
dispersion. Extensive testing of the NH^SSL-PF resin dispersion, as a liquid 
or freeze dried powder adhesive (Calvé, Shields, Blanchette and Fréchet, 
1988) has indicated that a formulation containing crude or unmodified NH^SSL 
possessed curing properties equivalent to a commercial phenol-formaldehyde 
resin generally utilized as a face resin for the manufacture of three layer 
waferboards. The test results, from previous work, for waferboards bonded 
with SSL-PF resin containing 30 and 50 percent NH^SSL based on total solids 
are reproduced in Table 1 (Calvé, Shields, Blanchette and Fréchet, 1988).

The economic advantage of replacing part of PF with SSL is evident, as this 
pulp and paper by-product is still available today at 20 cents/kg while 
powder phenol-formaldehyde resin now costs approximately $1.75/kg and the gap 
between SSL and PF is still increasing yearly (Figure 1) making this approach 
more interesting. It should be added that preliminary tests conducted at 
Forintek have indicated that a face SSL-PF resin system at 30-50% PF 
replacement could meet the CAN, CSA 0437.2-M86 standard for new adhesives for 
waferboard and oriented strandboard (OSB). In view of these promising 
results, Forintek members recommended that a SSL-PF resin be evaluated for 
the commercial manufacture of waferboard.

To be acceptable at the industrial production scale, a resin adhesive must 
meet certain criteria. For exanple, it should be easily converted to spray 
dried powder as most Canadian waferboard mills are presently using spray 
dried powder adhesives. Although liquid resins are less expensive, they are 
less chemically stable, more difficult to work with under mill conditions 
with existing technology and cost more to transport (50 percent of the weight 
is water). The particle size of powder resin is easier to control which is 
important particularly at low application levels. It is also important that 
the resin utilized for bonding the face layers of a three-layer waferboard be 
"pre-cure" resistant. If the resin cures prematurely while the mat is 
resting on a hot caul plate before pressing or at first contact with the 
press platens before sufficient pressure is applied to consolidate the mat, a 
poor bond will ensue. A commercial resin must also crosslink into an 
insoluble, infusible mass during hot pressing. The chemical stability of the 
cured resin is an important factor. SSL must be chemically bonded into the 
cured phenolic matrix and not be washed out under a high humidity 
environment. Finally, the possibility of reproducing the good laboratory 
test results at industrial scale must be documented.

This report highlights some of our preliminary work on laboratory and mill 
production and testing of SSL-PF resin powders. The test data for a few SSL- 
PF bonded waferboards produced at the Normick Perron waferboard mill in Val 
D'-Or, Quebec are presented. This was a cooperative study between Normick, 
Daishowa, Quebec City and Forintek. The effect of phenolic resin, molecular 
weight distribution and SSL-PF ratio on spray drying yield and resulting 
board properties are described. A  test for the evaluation of pre-cure 
resistance of face waferboard adhesive is presented with cotparisons for
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Table 1

Properties of 3-Layer Waferboards Bonded with Experimental and Commercial Resins (Calvé et al., 1988)

______ _________________________Board Properties1__
M3R____  Torsion Shear

Resin Type SG
(kg/n?)

Dry Wet IB MCE Dry Wet TS* LE4
■(%)------

Face: NH.SSL (30%)-PF (70%)* 
Core: Commercial core PF

634 27.0 14.1 0.550 4570 13.2 4.8 9.8 0.13

Face: NH.SSL (50%)-PF (50%) 
Core: Commercial core PF

654 26.8 14.5 0.570 4600 13.9 5.0 11.2 0.11

Face: Commercial PF 
Core: Commercial core PF

644 28.8 15.1 0.544 5100 13.5 5.0 10.4 0.13

CAN3-0437.0-M85
Minimum - 17.2 8.6 0.345 3100 - - 25.0 0.20
Maximum

1 Panels pressed 5 minutes at 210°C

1 Faoe to core ratio was 50:50 (by weight) with a uniform resin content of 2.25 percent (NH.SSL: Ten-bind 001 from Temfibre, Quebec) 

3 Thickness swelling measured after 24-hcur water soak

Linear expansion measured between 50 and 90 percent



$/
kg

Figure 1- Price of Phenol-Formaldehyde, Phenol and Lignin During the Last Decade
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commercial and experimental resins. The conclusions of this work are 
supported by differential scanning calorimetry (DSC) thermograms and high 
performance liquid chromatography (HPLC) chromatograms of the heat treated 
resins.

A  Canadian PF resin adhesive manufacturer (Bokem, Longueuil, Quebec) agreed 
to collaborate with Forintek for the commercialization of a lignin-phenol- 
formaldehyde adhesive. The common goal is to reduce the dependence of board 
manufacturers on petroleum synthetic resins by offering panel producers a 
high quality alternative resin at a lower retail cost. The test data for 
laboratory waferboards produced from Bokem SSL-PF resin are present. 
Comparison are made for waferboards produced from commercial spray dried 
resin and laboratory produced resin.

3.0 STAFF

L.R. Calvé Project Leader
Research Scientist

L. Lacelle Technologist

B. Lethbridge Technologist

4.0 EXPERIMENTAL

A  list of chemicals (PF, SSL and SSL-PF) used in this study are summarized in 
Table 2 indicating suppliers name, trade names and the abbreviations employed 
in the text. Only powder resin adhesives were used for the preparation of 
waferboards in this study.

4.1 RESIN AND PANEL PREPARATION AT VAL D/0R WAFERBQARD MILL

4.1.1 Resin Preparation

Kraft, NRjSSL (TSD) and NaSSL (XU-50) powders, were blended with the 
commercial core PF3 resin in a 15 to 85 weight ratio. Blending was 
accomplished by grinding the pulping residue with the PF3 resin in a mortar 
with a pestle or by simply hand-blending the two powders. The NaSSL(XU-50)- 
PF coreacted resin was prepared and spray dried at the Daishowa laboratory.

4.1.2 Experimental Panels

Small three layer waferboard mats 610- x 610-mm were prepared with a face to 
core ratio of 64:36. The face wafers were obtained directly from the mill 
blender and were noted to have 1.4 percent wax and 1.95 percent resin.
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Table 2

Chemicals Used in This Study

Trade
Chemicals Name Origin Notation Abbreviation

PF Resins

Face GP-4485 Georgia, Pacific 
Crossett, AR

PF,

Face BD-003 Reichhold Ltd. 
North Bay, Ont.

pf2

Core IB-947 Reichhold Ltd. 
North Bay, Ont.

pf3

Core BO-15 Bokem Inc. 
Longeuil, Qué

pf4

Low molecular weight (experi
mental)

Forintek 
Ottawa, Ont.

Low MW PF

High molecular weight (experi
mental)

Forintek 
Ottawa, Ont.

High MW PF

High MW (70%) + low MW PF (30%) (experi
mental)

Forintek 
Ottawa, Ont.

PFS

SSL or Kraft

Ammonium lignosulphonate Tembind 001 Temfibre
Temiscaming, Qué.

NH,SSL

Ammonium lignosulphonate1 Lignosol TSD Daishowa
Quebec City, Qué.

NH,SSL (TSD)

Sodium Lignosulphonate1 Lignosol X Daishowa NaSSL
Quebec City, Qué.
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Table 2 Continued

Chemicals
Trade
Name Origin Notation Abbreviation

Sodium Lignosulphonate 
Low molecular weight2

Lignosol
XU-50

Daishowa
Quebec City, Qué.

NaSSl (XU-50)

Kraft lignin Kraft Daishowa
Quebec City, Qué.

Kraft

The ammonium and sodium lignosulphonate are obtained from calcium lignosulphonate at 
Daishowa mill.

The low fraction is obtained by ultrafiltration at Daishowa mill.
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The core wafers were taken from the mill core wafers production line prior to 
the blending stage. They were then placed in a "make shift" blender and 
sprayed with 1.4 percent molten wax then treated with 1.95 experimental 
adhesive. The hand-formed mats produced were inserted into the larger 
waferboard production mats (2438 x 4877-mm) just prior to pressing. Figure 2 
shows the placement of the hand formed mat within the larger production line 
mat.

Three layer waferboards at a target thickness of 15.9 mm were produced by 
pressing 313-316 seconds at 219°C in a twelve opening Siempelkamp press. 
Number "five" opening was selected for pressing all the experimental panels 
including a control. Seven 610 x 610-mm panels (six from experimental resins 
and one control bonded exclusively with commercial face PFX and core PF3 
resins) were produced. Information concerning the composition of the 
experimental resins as well as information on wafer moisture content (MC) and 
press conditions are shown in Table 3.

4.2 RESIN AND PANEL PREPARATION AT FORINTEK LABORATORY 

4.2.1 Resin Preparation

Experimental high and low molecular weight (MW) PF resins were prepared in 
the Forintek laboratory (Table 2) following a procedure similar to that 
described previously by Chiu (1984) . Briefly high MW PF was obtained by 
reacting phenol and formaldehyde in a 1.0 at 2.4 molar ratio with stepwise 
addition of sodium hydroxide (NaOH) catalyst using a reaction temperature 
gradient starting at 95°C and decreasing to 65°C. The low molecular weight PF 
was prepared by reacting phenol and formaldehyde in a 1.0 to 2.2 molar ratio 
at a temperature of 65°C. The high and low MW PF were obtained at 49.9 and 
40.8 percent solids content at a pH of 10.0 and 10.4 respectively. These 
were mixed in the following proportions: 0:100, 30:70, 50:50, 70:30, 80:20 
and 100:0 on a solid weight basis. The resin blends were then used as 
copolymers in NH4SSL based formulations.

The NH4SSL-PF dispersions were prepared at selected phenolic solids 
replacement, by simple addition of dilute HC1 and NH4SSL liquid to the binary 
phenolic resin mixture with vigorous stirring (Calvé, Shields, Blanchette et 
Fréchet, 1988) . The final resin dispersion had a pH of 5.0 at 40 percent 
solid content. These dispersions were spray dried at Forintek in a 
laboratory dryer (Bowen No. BE-1031) at a feed rate of 100 ml/min. and a 
spray drying inlet temperature of 165°C and outlet of 95°C. A pneumatic round 
air spray nozzle (fluid nozzle 40100, air nozzle 120 from Spraying Systems 
Co. Bellwood, Illinois) was employed with 0.41 MPa air pressure. The 
quantity of powder recovered for each test was recorded. Observations were 
also made on powder sticking to the walls of the dryer as well as the ease of 
cleaning of the dryer walls with hot water or a solution of 0.1 N sodium 
hydroxide.
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Figure 2. Location of the Laboratory-Produced Mat in the Waferboard Production Mat
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Table 3. Mechanical Properties of Experimental Panels (15.9-mm Thickness) 
Prepared at Normick Perron (Val D'Or) Waferboard Mill

Panel
Nurrber Face and Core Resin1

Wafer
Moisture
Content1 2
(%)

Press
Cÿcle3
(sec.)

Specific
Gravity
(kg/m3)

MDR
Dry

Board Properties 

IB M3E

1 F: PF, 4.1 316 749 22.5 0.289 3160
C: PF3 4.0

2 F: PFj. 4.1 313 772 21.7 0.297 2960
C: PF3 (85%) + NH4SSL TSD (15%) 4.0

3 F: PFj. 4.3 313 784 17.6 0.278 2950
C: PF3 (85%) + Kraft (15%) 4.0

4 F: PFx 4.0 313 776 21.2 0.290 3360
C: PF3 (85%) + NaSSL XU-50 (15%) 3.9

5 F: p f3 4.1 315 --- Delaminated---
C: PF3 + NaSSL XU-50 Coreacted 4.8

6 F: PFj 4.6 314 --- Delaminated---
C: PF3 (85%) + NH,SSL TSD (15%) 5.3

7 F: PFj. 4.8 316 748 22.8 0.297 4601
C: PF3 (85%) + NaSSL XU-50 (15%) 6.6

CAN3-0437.0-M85 Requirements - - - 17.2 0.345 3100

1 The face and core resin were added at 1.95 percent based on dry resin and wafer weight.
2 Core and face wafers from large mat
3 The press platens were at 219°C



4.2.2 Experimental Panels

Aspen poplar wafers 38.1 x 0.69 mm and of randan width were produced by a 
laboratory disc type (CAE) waferizer. These were used for the preparation of 
waferboards, 11.1 by 457 by 457 mm, at a target density of 650 kg/m3. 
Homogeneous and three layer (face to core ratio of 50:50) waferboard were 
bonded with a uniform resin content of 2.25 percent. The wafers were sprayed 
with 2 percent molten wax prior to the addition of powder adhesive. The 
final MC of the furnish was adjusted to 4 percent. The mats were pressed at 
210°C and 4.1 MPa. The press cycles employed in this study included a 50 
second press closing time. Three replicate boards were prepared for each set 
of variables evaluated.

In order to test the resistance of an adhesive to "pre-cure" a caul plate was 
heated in an oven at 100°C, 130°C, 160°C or 190°C and then placed on the 
waferboard mat (wafers coated with the adhesive being tested) for five 
minutes under 25 kg weight. The mat was then pressed in a normal manner.

4.3 BOKEM COREACTED NaSSL-PF RESIN

4.3.1 Resin Preparation

Pilot batches of coreacted NaSSL-PF resins of approximately 4000 kg at 40 
percent solids were prepared in the Bokem Reactor. Samples of the resins 
were sent to Forintek and spray dried with the laboratory unit set at 180°C 
inlet temperature and a 90°C outlet. Each resin sample was also transformed 
into powder in the mill dryer under current Bokem commercial conditions.

4.3.2 Experimental Panels

The resins spray dried under laboratory and commercial conditions were 
employed in the manufacture of laboratory waferboards. Wafers for these 
panels were obtained from the Normick Perron mill in LaSarre, Quebec. A 
press platen temperature of 220°C was employed.

4.4 WAFERBOARD TESTING

Dry and wet (2-hour boil) modulus of rupture (MOR), modulus of elasticity 
(MOE) and internal bond (IB) were evaluated according to Canadian Standard 
Association (CSA) methods and requirements of CAN3-0437.1-M85 and CAN3- 
0437.0-M85 standards (CSA, 1985). The panels produced at the Normick Perron 
mill in Val D'Or were tested at the mill site immediately after pressing 
without conditioning.

4.5 STROKE CURE TEST

The stroke cure test was used to compare the relative cure ratio of the 
adhesives and as an indication to differentiate between a face and core
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adhesive for three layer waferboards. The test involved placing 1 g of resin 
on a hot platen set at a temperature of 150 ± 2°C. The resin was spread back 
and forth across a small area of the hot plate until it hardened and could not 
be spread further. The time between resin placement and hardening was recorded 
as the stroke cure time (Hsu and Lethbridge, 1987).

4.6 SIZE EXCLUSION CHROMATOGRAPHY (SEC)

The molecular weight and molecular size distribution of the high and low MW 
liquid PF mixture were determined as described previously (Riedl, Calvé, 1988; 
Riedl, Vohl and Calvé, 1989). Briefly, SEC was conducted using ultrastyragel 
(Waters) 100 Â  and 500 Â  columns connected in series of 25°C with 
tetrahydrofuran containing 0.4 percent trichloroacetic acid as solvent. The 
columns were calibrated with poly(ethylene glycol) standards.

4.7 HIGH PERFORMANCE LIQUID CHROMATOGRAPHY *(HPLC)

HPLC analysis of SSL-PF resins were conducted with (i-bondapack C^ column at 
25°C using a mixture of 20 percent water, 35 percent methanol and 25 percent 
acetonitrile as solvent with a flow rate of 0.5 cm3 per minute.
The system used for SEC and HPLC measurements consisted of Waters Wisp 710 B 
injection system, Waters M45B pump and Waters R401 differential refractometer 
with a Waters programmable system controller and data module.

4.8 DIFFERENTIAL SCANNING CALORIMETRY (DSC)

DSC analyses were performed at the Reichhold laboratory in St-Thérèse, Quebec 
with a Dupont thermal analysis 2000 instrument equipped with a pressure cell 
and multitask operating system. Spray dried powder resins (0.01 g) were placed 
in hermetic aluminum capsule and transferred to the DSC cell sample chamber set 
25°C. Samples were heated at 10°C per minute up to 200°C under nitrogen at 
atmospheric pressure.

5.0 RESULTS AND DISCUSSION

5.1 SSL-PF BONDED WAFERBQARD AT VAL D'OR WAFERBQARD MILL

The test results for the seven 15.9 mm experimental waferboard panels produced 
at the Normick Perron mill are summarized in Table 3. All the experimental 
panels produced in this study resin yielded similar results for MOR, MOE and IB 
properties. These results suggest that replacing 15 percent PF with SSL or 
kraft had no significant adverse effect on the board properties. The low 0.278- 
0.290 MPa IB strength results obtained for all the panels in comparison to the 
0.345 MPa standard requirements was most likely due to the method used for the
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due to the method used for the preparation of the experimental panels (poor 
resin distribution obtained with the "make shift" blender) since the control 
panel bonded exclusively with commercial phenol resin also yielded low IB 
test results. It should however be noted that two panels bonded with 
experimental resin delaminated during pressing. This may be an indication of 
resin undercuring which support previous Forintek results that the SSL-PF 
resin had curing properties similar to a face PF resin as opposed to a faster 
curing core PF resin. The delamination may also have been due to a 
combination of effects of high furnish moisture and poor resin distribution. 
The average M2 for the core wafers increased from 4.0 percent for the first 
panel at the beginning of the study up to 6.6 percent for the last 
experimental panel. No control experimental panels were prepared at the end 
of the study for comparison.

In general these results were encouraging considering that the SSL and PF 
powders were simply mixed in a mortar with a pestle and blended in a "make 
shift" blender. No acid catalyst was added to any of these formulations. 
The similarity of the results obtained with NaSSL and NH^SSL is not 
surprising. IB947 (PF3) is alkaline and under these conditions, NH^SSL 
decorrposes with the loss of NH3 transforming into NaSSL. Kraft lignin is 
also a potential candidate for the replacement of PF. Concentrated kraft 
liquor is presently available in Canada at 22 cents per kilogram, a price 
similar to sulphite liquor (see Figure 1). However, the commercial source of 
kraft lignin pulp and paper by-product are limited since it is generally a 
closed process where the chemicals are recovered and re-used. Purified kraft 
lignin which is obtained from acid precipitation of the crude liquor is much 
more expensive than spent sulphite liquor.

Simple blending of SSL and PF powders was the only practical method for this 
test but it is far from the ideal method. An homogeneous powder mixture can 
only be assured if the resins are diluted in water, blended then spray dried.

5.2. SPRAY DRYING OF NH,SSL-PF RESIN DISPERSION

Phenol-formaldehyde and SSL have been reported to spray dry at an inlet 
temperature of 180 - 210°C and an outlet temperature of 90 - 100°C (Berchem, 
Sudan and Gres, 1978; Shen and Calvé, 1979). The spray drying of a resin is 
however not always effective. For example, if its softening point is lower 
than the temperature of the spray dryer walls, the resin may become tacky and 
stick to the walls resulting in low powder recovery. High molecular weight 
resins generally have a higher softening point and can be transformed into a 
powder by spray drying more effectively. The molecular weight distribution 
of both NHiSSL and PF affects the adhesive properties of NHjSSL-PF (Calvé and 
al., 1988) and also its spray drying characteristics. In the present study, 
the effect of PF copolymer molecular weight distribution on spray drying of 
NH^SSL-PF was investigated. High and low MW resins were prepared and mixed 
in different ratios. The resulting mixture were blended with 50 percent by 
solid weight of NHISSL, spray dried as a water dispersion (pH = 5.0) into a
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in different ratios. The resulting mixture were blended with 50 percent by 
solid weight of NH4SSL, spray dried as a water dispersion (pH = 5.0) into a 
powder and used for the manufacture of waferboard. Table 4 shows the actual 
weight average molecular weight (M^ of the PF resin copolymer, the spray 
drying yield obtained for each NH4SSL-PF resins and the panel test results.
The spray drying yield of NH4SSL-PF clearly increased with the higher 
proportion of high MW phenolic or higher Mw of the PF copolmer. The NH4SSL- 
PF mixture with PF copolymer containing 30 percent high MW phenolic could not 
be spray dried into a powder under the experimental conditions. The resin 
melted on the walls of the laboratory dryer and hardened. The spray drying 
yield increased to 72 percent for a mixture with copolymers containing 70 
percent high MW phenolic and finally to 86 percent for a NH4SSL-PF with 
copolymer composed of 100 percent high MW phenolic.

The strength properties of NH4SSL-PF bonded panels are also affected by the 
MW distribution of the PF copolymer. The NH4SSL-PF resin powder prepared 
from an experimental PF which contained 70% high MW yielded a panel with 
higher MOR, IB and torsion shear test results. If a larger portion of high 
MW PF was used, the spray drying yield was improved but the board properties 
were adversely affected. For the remainder of the study, experimental PF 
copolymer (PFS) refers to the mixture which contains 70 percent high MW and 
30 percent low MW PF.

Phenolic resins are generally spray dried as a water solution although spray 
drying of various resin dispersions has been reported in the literature 
(Reusova, Orlov and Reusov, 1974; Meinelt, Matthias, Franzmann, Petri and 
Kraus, 1982; Hoechst, 1982). Upon addition of 10-20 percent by solid weight 
of NH4SSL to PF with blending, the viscosity of the solution first increases 
and becomes sticky. Upon further addition of NH4SSL (above 20 percent) the 
viscosity decreases and a fairly stable dispersion is formed. As indicated 
in Table 5, the NH4SSL-PF resin dispersion containing 30 percent NH4SSL and 
above is the easiest to work with and spray dry. It is possible that NH4SSL 
and PF condense during spray drying forming larger molecules easier to dry.

5.3 PRE-CURE RESISTANT NH„SSL-PF RESIN

Figure 3 shows the IB strength test results for homogeneous waferboards 
bonded with commercial face or core PF adhesives. For both resins, the 
treatment with caul plates pre-heated at 100 - 130°C had no significant 
effect on IB. Above 130°C, heat from the caul plates cured the core phenolic 
resin at the mat surfaces, before complete consolidation of the panel. This 
resulted in a significant reduction in IB strength.

The difference in IB for core and face phenolic resins increases with 
increasing caul plate temperature. For the commercial face resin, even the 
190°C caul plate had no adverse effect on IB. It should be noted that the
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Table 4

Effect of PF Resin Molecular Weight Distribution on 
NR,SSL (50%) - PF (50%) Adhesive Properties and Spray Drying Yield

PF

Conposition
SEC1
Mw

Board Properties1

SG
(kg/m3)

MDR
IB MOE

Torsion Shear Spray Drying 
Yield3 

(%)
High MW 
Weight (%)

Low MW 
Weight (%)

Dry Wet Dry Wet
U ci/ UN.m;----

30 70 640 676 29.4 8.8 .369 4471 9.0 1.4 0

50 50 830 681 29.3 11.6 .402 5155 9.9 2.2 17

70 30 1258 687 29.9 14.1 .428 5060 10.7 2.7 72

80 20 1350 687 29.5 14.1 .401 5029 9.5 1.7 79

100 0 1590 695 28.7 10.0 .361 5202 9.9 1.9 86

1 Homogeneous waferboard pressed 4 minutes at 210°C with 2.25 percent resin based on dry resin and wafer weight 
* Weight average molecular weight determined by size exclusion chromatography 

Laboratory spray dryer tenperature: 165°C inlet, 90°C outlet3



Table 5.

Effect of NH4SSL-PF Ratio on Spray Drying Yield1'1 2 (Laboratory Spray Dryer)

NH«SSL
(%)

PFS
(%)

Resin Sticks 
to Beaker Walls

Laboratory Spray 
Drying Yield 

(%)

Powder Sticks 
to Dryer Wall

Ease of Cleaning 
with HjO

Ease of Cleaning 
within, NaOH

0 100 No 50 Yes Yes Yes
20 80 Yes 84 Yes No Yes
30 70 Slight 82 Slight No Yes
35 65 No 94 No Yes Yes
40 60 No 99 No Yes Yes
100 0 No 79 Yes Yes Yes

1 Resin spray dried at 47 percent concentration

2 Spray dryer tenperature inlet and outlet adjusted to respectively 160°C and 95°C



IB
 (

M
Pa

)

Figure 3. Waferboard IB as Affected by Treating the Mat with a Caul Plate.
Plates Heated at Various Tenperatures Prior to Pressing Panels.1

1 Panel pressed 5 minutes at 210°C with 2.25 percent face PF2 or core PF, 
resin.
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temperature indicated in Figure 3 is the temperature of the 1.6 mm thick 
metal caul plate at exit from the oven. At contact with the wood furnish, 
the caul plate cooled off gradually to approximately 80°C within the 5 
minutes treatments. Nevertheless, this test appeared useful as a simple 
screening method to differentiate between a face and core waferboard 
adhesives. It is a particularly useful test for the development of a new 
adhesive for face application such as the SSL-PF system described in this 
study.

Table 6 shows the MOR, MOE, IB and percent face failure test results for 
three layer waferboards bonded with various commercial and experimental 
resins at the panel face layers. Each waferboard mat, was placed under a 
caul plate pre-heated at 190°C for 5 minutes prior to pressing. Percent face 
failure refers to the percentage of test samples breaking at surface layer 
during IB testing instead of the center layer where resin undercuring and IB 
sample breaking generally occurs. A high percentage of face failures as well 
as low IB is a clear indication of resin pre-curing.

The mixture of high and low MW phenolic (i.e. PF5) has some pre-cure 
resistance in comparison to a core PF resin (Table 6) . PF5 yielded 
waferboard with 0.414 MPa for IB and 25 percent face failure in comparison to 
0.179 MPa and 67 percent face failure for panels bonded exclusively with the 
core PF3 resin. These preliminary results are in agreement with those of 
Chiu who stated that this type of phenolic (high and low MW phenolic mixture) 
had some pre-cure resistance (Chiu, 1986) . More importantly, Table 6 also 
shows that replacement of 30 percent PF5 with NH4SSL had no adverse effect on 
pre-cure resistance of the resin. The presence of NH4SSL even appears to 
produce a panel with a slightly better pre-cure resistance, as the percentage 
of a face failure was reduced from 25 to 8 percent while the IB results were 
similar. The MOR, MOE, IB and face failure test results obtained with the 
NH4SSL-PF resin compare favourably with those obtained with the commercial 
face PFX resin. Although treating the panel with a caul plate pre-heated at 
190°C is a severe precure test, the treated panels bonded at face layers with 
PFX, PF5 and NH4SSL-PF, still surpasses the CAN3-0437.0-M85 requirements for 
all the properties tested.

In addition to the strength tests itself, it was observed that the surface 
layers of a panel with a pre-cure problem will show evidence of delamination 
during the two hours boil treatment prior to wet MOR testing. Figure 4 shows 
a photograph of actual two hours boiled MOR samples for the waferboards 
bonded at face layers with PFX, PF3 or NH4SSL-PF resins. Only the PF3 (core 
phenolic) bonded sample shows clear evidence of delamination.

5.4 HPLC CHROMATOGRAMS OF HEAT TREATED RESINS

It was observed that the ^.-Bondapack C_18 column could separate lignin, 
carbohydrate and phenol-formaldehyde resin components. Figure 5 shows the
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Table 6

Effect of Caul Plate Heat Treatments of Mats1 Prior to Pressing on Mechanical Properties 
of Three-Layer Waferboards Bonded with Commercial and Experimental Resins

Face and Core Resin
Specific
Gravity
(kg/m3)

MOR
Dry
(MPa)

Wet
(MPa)

MOE
(MPa)

IB
(MPa)

Face3
Failure

(%)

F: PFi 679 27.5 16.9 4600 .453 8C: pf3

F: pf5 658 29.9 14.7 4670 .414 25C: PF3
F: NH.SSL (30%) - PF5 (70%) 653 28.1 15.0 4689 * .418 8C: pf3

F: pf3 652 25.8 13.0 4314 .179 67
C: pf3

CAN3-0437.0-M85 - 17.2 8.6 3100 .345 -

1
2 Caul plate heated in an oven at 190°C then placed on top of waferboard mat 5 minutes under 55 kg weight 

Panel pressed 5 minutes at 210°C with 2.25 percent resin
Saitple delamination (breaking) at surface layers during testing of 12 internal bond sanples3



Figure 4. Waferboard Samples (Heat Treated Mats) After Two Hour Boil Test.

1 Samples bonded with commercial face PFX (A), conmercial core PF3 (B) and 
experimental NH^SSL-PFj (C) resins.
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Figure 5. HPLC Chromatogram of Phenol-Formaldehyde Resin (A) and Phenol- 
Formaldehyde with Selected Additives (B)1

TIME (minutes) ®“7

1 References: lignin (NH^SSL saitple diafiltrated and washed twice with water
through a Diaflo XMA-100 ultrafiltration membrane having a nominal 
molecular weight (MW) cut-off of 100,000, D-glucose, formaldehyde and 
phenol added to the phenol-formaldehyde sample.
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(ultrafiltrated high MW NH^SSL), D-glucose (a representative carbohydrate 
present in NH^SSL), formaldehyde and phenol references. Lignin and D-glucose 
had retention times of 3.55 and 5.57 minutes respectively while the phenol- 
formaldehyde copolymer appeared as a series of peaks with elution times 
between 6 to 10 minutes.
In order to verify if NH«SSL constituents insolubilize during pressing, 
NH,SSL-PF powder resin sanples were pressed at 210°C between teflon sheets 
placed at the interface of the core and face layers of a three-layer 11.1 mm 
thick waferboard. The experiment was repeated with PFS and NH,SSL sanples for 
comparison. The pressed sanples were then stirred with water at 60°C and the 
water soluble material analyzed by HPLC. The HPLC chromatograms shown in 
Figure 6 indicate that a 3 minute press cycle was sufficient to insolubilize 
most of the PF5 and NH«SSL-PF5 resin adhesives. In both cases, only small 
quantities of water soluble materials (small peaks) were detected by HPLC. 
This appears to be the result of a chemical reaction between lignin- 
carbohydrate and the phenol-formaldehyde resin. When the control NH^SSL was 
subjected to a similar heat treatment, both lignin and carbohydrate could 
still be detected. Although both peaks, particularly the carbohydrate one, 
had reduced areas after the 3 minute press cycle. With regard to the N^SSL- 
PF resin, the content of water soluble material decreased gradually with 
press time. The lignin starting material (elution time 3.50 min.) could not 
be detected after only a 2 minute press cycle and was replaced by a major 
peak at a 5.30 minute retention time which finally disappeared at a 3 minute 
press.

The 3 minute press time at 210°C was selected as it corresponds to conditions 
similar to those generally employed for industrial manufacture of 11.1 mm 
thick waferboard in Canada. Preliminary HPLC test results indicate that 
under these conditions, NHjSSL-PF face resin insolubilize, probably through 
condensation with phenol-formaldehyde, and thus should not create an 
environmental concern.

5.5 DSC THERMOGRAMS OF HEAT TREATED RESINS

DSC analysis of PF, NH,SSL and NH^SSL-PF resin were performed to obtain a 
better understanding of their thermal and curing properties. This technique 
has been used successfully in the past to characterize various phenolic and 
lignin-phenolic thermosetting resin adhesives (Lamanen, 1976; Levy, 
Nieuweboer and Semanski, 1970; Muller, Kelley and Glasser, 1984; Christiansen 
and Gollob, 1985. DSC thermograms of typical core (PF3) and face (PF2) 
phenolic resins are shown in Figure 7. These preliminary measurements were 
made at atmospheric pressure and no activation energies were determined. 
Although the detail interpretation of DSC thermograms is still being debated, 
the initial peak (centered at approximately 134°C in this study for the core 
PF3 resin) has generally been attributed to the exothermic addition of free 
formaldehyde to a phenolic nucleus. The second peak centered at 155°C would 
result from condensation between methylol phenols producing the insoluble
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Figure 6. HPLC Chromatograms of PF, NH4SSL and NH^SSL-PF Sanples Before and 
After Heat Treatment in a Press at 210°C1

NH4SSL
3 0 min

NH4SSL(30%)~ PF6(70%)

TIME (minutes) CM7

1 Samples pressed between teflon sheets placed at the interface of the core 
and face layers of a three-layer waferboard
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Figure 7. DSC Thermogram of Core Carrmercial PF3 (A) and Face Commercial PF, 
(B) Resins
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three dimensional polymer (Sebenek, Vizovisek and Lapanje, 1974; Mailer, 
Kelley and Glasser, 1984; Christiansen, and Gollob, 1985). The slower curing 
face phenolic resin has been chemically modified. The free formaldehyde and 
methylol condensation appears as a large single peak centered at 150°C.

Figure 8 shows the DSC chromatogram of NH^SSL and PF5 (70%) - Mi,SSL (30%) 
resins. As expected from previous work (Shen, Fung and Calvé, 1981; Bialski, 
Bradford, Lewis and Luthe; 1986) an exotherm is obtained at approximately 
180°C for NH«SSL which would correspond to the deconposition and condensation 
of ammonium sulphonated lignin (loss of NH3 and S02) and carbohydrate (loss of 
HjO). The non uniform shape of the peak is due to the endothermic gas 
formation and exothermic cure reactions which are competitive in the 100 - 
200°C range for a DSC scan at ambient pressures.

Interestingly, NH^SSL-PFs resins show a chromatogram different from NH^SSL or 
PF5. The DSC chromatogram profile of the NH* SSL-PF resin is somewhat similar 
to the chromatogram of the face waferboard adhesive PF2 (coirpare Figure 7 and 
8). This is not surprising since the waferboard test results obtained in 
this study indicated that PF2 and NH^SSL-PF have similar curing properties.
5.6 MILL PRODUCTION OF SSL-PF RESIN POWDER

The next goal was to produce a large quantity of SSL-PF resin in a commercial 
reactor. The liquid was to be transformed into a usable stable waferboard 
adhesive powder with a commercial spray dryer under current mill conditions. 
This mill trial optimization study was performed as a cooperative study 
between the adhesive producer Bokem Inc. (Longueuil, Quebec) and Forintek.

It was anticipated that if the sulphite liquor was cooked in situ with phenol 
and formaldehyde under alkaline conditions, as opposed to the acidic NH^SSL- 
PF dispersion, a resin reactive enough for face application could be obtained 
directly without the need for addition of an acid catalyst. Since the resin 
was to be prepared under alkaline conditions, NaSSL from Daishowa was 
selected for this study. Preparing suitable NaSSL-PF resin for face 
applications did not present a problem although seme adjustments in resin 
formulation and cooking procedures were required. The problem was controling 
the advancement of the resin during spray drying in the mill dryer. 
Preliminary resin formulations were screened using the Forintek laboratory 
spray dryer to transform the resin into a powder. In the laboratory, the 
resin exposure time in the dryer chamber is approximately 4 - 1 0  seconds 
which compares to 20 - 40 seconds in the large mill dryer. This longer 
residence time results in premature crosslinking of the coreacted NaSSL-PF 
resin in the dryer causing a high molecular weight polymer with a high 
softening point and fast curing properties inappropriate for face 
applications. This type of resin will cause a pre-curing problem during the 
manufacture of waferboard if it is employed as a face resin.
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Figure 8.

< i

DSC Thermogram of Nf^SSL (A) AND N^SSL (30%) - PFS (70%) (B) 
Resins

ftfi

Heating Rate: 10°C/min

(B)

1----------1_________I_____i I I
0 40 80 120 160 200

TEMPERATURE (°C)
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One method to differentiate a face and core resin is the stroke cure test 
(see experimental). A  fast curing core resin will generally have a short 
stroke cure of 15-25 seconds which compares to 30-40 seconds for a face 
adhesive. Excellent results were obtained with the first batch (batch I, 
Table 7) produced at Bokem and spray dried in the laboratory of Forintek. 
The resin powder had a stroke cure test of 34 seconds which compared to 37 
seconds for the commercial face resin. The panels produced with this powder 
as a face resin, had MOR, MOE and IB strength properties as well as percent 
face failure results similar to those obtained with control panels bonded 
with commercial phenolic resins. Hot-plate pre-treatment had no significant 
adverse effects on IB strength or percent face failure. On the contrary, 
batch I powder from the commercial spray dryer had a short stroke cure of 22 
seconds and clear evidence of a pre-curing problem as evidenced by a reduced 
IB along with 90-95 percent face failure for the pre-treated caul panels. IB 
results did not meet the CAN3-0437.0-M85 requirements. The first large batch 
of SSL-PF resin powder was judged unsatisfactory for the commercial 
production of waferboard.

The resin formulation was modified and fortunately, the second NaSSL-PF batch 
(batch 2, Table 7) produced showed no pre-curing problems when tested in the 
laboratory. As expected, the coreacted NaSSL-PF and commercial face resin 
had similar DSC thermograms (Figure 9).

As a follow-up to this work, several tonnes of NaSSL-PF resin powder were 
produced at the Bokem mill. The resin will be tested in Canadian waferboard 
mills.

6.0 OCNCLDSICNS

A  commercial SSL-PF waferboard adhesive has been developed in a cooperative 
study between Bokem and Forintek. The resin could be spray dried into a 
usable powder. It is pre-cure resistant and shows great promise for 
utilization as a face adhesive for three-layer waferboard or for the 
manufacture of thin homogeneous panels. Based on preliminary HPLC and DSC 
analysis, the SSL components appear to react with the phenol-formaldehyde 
resin during board pressing. The molecular weight distribution of the PF 
copolymer as well as the SSL-PF ratio influenced the adhesive properties and 
effective spray drying of the resin.
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Table 7

Waferboard Strength of Coreacted NaSSL-PF Resin Produced in the Laboratory of Bokem 1

Spray Dryer

Resin

SG
(kg/m3)

Board Properties
MDR

Dry Wet M0E

1,2
Face
Failure
(%)

Type
Stroke Cure 
Test at 150°C 

(sec.)
Application

(%)

Press 
Close Time 

(sec.)
IB

Laboratory2 F: NaSSL-PF 34 2.0 50 656 22.8 8.5 3637 0.447 0
Coreacted Batch 1 70 0.487 13
C: PF4 23 2.5 50* 0.457 0

Mill Dryer F: NaSSL-PF 22 2.0 50 649 19.7 8.4 3192 0.390 38
Coreacted Batch 1 70 0.383 95
C: PF4 23 2.5 504 0.320 90

F: NaSSL-PF 34 2.0 50 648 20.5 9.3 3589 0.414 0
Coreacted Batch 2 50 0.470 25
C: PF4 23 2.5 70 • 0.434 0

Control F: PFj 37 2.0 50 670 20.2 9.4 3418 0.432 6
C: PF4 23 2.5 70 0.440 13

504 0.419 0

CAN3-0437.0-M85 - - - - 17.2 8.6 3100 0.345 -

1 Waferboard produced from Normick Perron wafers 
3 Panel pressed 3 minutes at 220°C

Liquid spray dried with the laboratory dryer adjusted at 180°C inlet and 90°C outlet 
Mat treated with caul plate 5 minutes at 190°C prior to pressing
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Figure 9. DSC Thermogram of Commercial Face PFX (A) and Coreacted NaSSL-PF 
Resin Produced at Bokem Laboratory (B)1

Heating Rate: 10°C/min

----- 1---1------1____ I l
0 40 80 120 160 200

TEMPERATURE (°C)

NaSSL-PF sample spray dried at Forintek using 180°C inlet and 80°C outlet 
spray drying temperature.
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