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SUMMARY

A detailed study of the polymerization mechanism of NH SSL and 
NH4SSL-PF resin was initiated at Forintek in 1984 in order to assist 
further development of the technology. This status report summarizes 
the progress in accomplishing the preliminary tasks required for this 
long term study. Accordingly, the literature was reviewed, two lignin 
model compounds were prepared, reliable techniques for the evaluation 
of small quantities of adhesive was developed and a chromatographic 
system was purchased and calibrated. These preliminary tasks have 
been successfully completed and the study is continuing on schedule.

i



TABLE OF CONTENTS

Page

LIST OF TABLES iii

LIST OF FIGURES iii

OBJECTIVES 1

INTRODUCTION 1

STAFF 2

EXPERIMENTAL 2

Model Compounds 2

Miniature Particleboards 2
Blending of Wood Particles and Pressing 2

Board Evaluation 5

Chromatographic Equipment 5

DISCUSSION 5

CONCLUSIONS 16

RECOMMENDATIONS 16

REFERENCES 18

ii



LIST OF TABLES

Table 1 Effect of Panel Dimensions on IB

Figure 1

LIST OF FIGURES

Synthesis of Sulphonates from Coniferyl Alcohol(I a,b )

Figure 2 Synthesis of Sulphonates from B-O-Aryl Guaiacyl 
Glycerol Ether (II)

Figure 3 Miniature Furnish Blender

Figure 4 Cutting Pattern of the Various Particleboards

Figure 5 Particleboard Mat in a 7.1 x 7.1 cm Forming Box

Figure 6 7.1 x 7.1 x 1.1 cm Particleboard

Figure 7 Effect of Panel Dimension on IB

Figure 8 Effect of Resin Content on IB for 7.1 x 7.1 cm 
Panels

Figure 9 Effect of Press Cycle on IB for 7.1 x 7.1 cm 
Particleboard Pressed at 175°C

Figure 10 Typical HPLC Chromatogram of Heat Treated Glucose

iii



OBJECTIVES

The composition of NH^SSL is very complex and previous adhesive formulations 
derived from this residue have been based on emperical considerations 
only. Understanding the mechanism of polymerization of NH^SSl-PF resin 
is an essential pre-requisite to further development and improvement of 
this process. The general objective of this three year project is to 
examine the basic mechanism of polymerization of NH^SSL and NH^SSL-PF 
resins.

This project also forms the basis of a PhD thesis and is being conducted 
with cooperation and guidance from the University of Ottawa and PPRIC 
at McGill University.

INTRODUCTION

The Canadian pulp and paper industry produces several million kilograms 
of solid spent sulfite liquor (SSL) daily. A portion is used as a low 
grade fuel, but a large percentage is simply disposed as waste. As 
part of Forintek's effort to improve the environment and convert mill 
residues into marketable products, research and development programs 
have resulted in two patented processes for the utilization of ammonia 
based SSL as a total or partial replacement of phenolic resins for 
waferboards (U.S. Patent 4,265,846; U.S. Patent Application 429,292).
The economic incentives for employing spent sulfite liquor are enormous, 
since an average waferboard plant, for example, could realize savings 
up to one million dollars annually by converting to a lignin based 
adhesive, expected to sell at 50 percent the price of traditional 
phenolic resins. A Canadian pulp manufacturer, Tembec Inc., has obtained 
an exclusive licence on one of the patented processes to produce and 
sell the NH^SSL binders in Canada and the U.S.A.

In order to support the industrial applications, a good understanding of 
NH^SSL chemistry is required. This is essential for the development 
of a reliable quality control procedure for the product and also to 
further improve the processes. A detailed study of the basic mechanism 
of polymerization of NH^SSL and NH^SSL-PF resin was thus initiated at 
Forintek in 1984. Part of the work will involve separating NH^SSL into 
its main components and identifying the reactive species. Since NH^SSL 
is very complex, a signifieant portion of the work is being conducted 
using simple NH^SSL model compounds.

Following several meetings with project advisor Dr. Fréchet from the 
University of Ottawa and Dr. Lewis from the Pulp and Paper Research 
Institute of Canada (PPRIC), four points of agreement on work to be 
performed during the first year of the study were reached.
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1. An up-dated literature review on lignin-carbohydrate-phenolic 
would be prepared

2. Two lignin model compounds would be prepared

3. A technique for the evaluation of small quantities 
(less than 5 g) would be developed

4. An analytical and semi-preparative high pressure liquid chromato-
graphic system would be required for the project.

This preliminary report summarizes the progress in the accomplishment 
of these four tasks.

STAFF

L.R. Calve

G.G. Brunette 

Dr. J.M.J. Frechet 

Dr. N. Lewis

Project Leader 
Research Scientist

Technologist

Thesis Director; Univ. Ottawa 

Thesis Supervisor; PPRIC

EXPERIMENTAL

Model Compounds

Two lignin (repeating unit) model compounds were prepared from commercially 
available purified chemicals. The method of Lindeberg (1980) was followed 
for the preparation of coniferyl alcohol (Figure 1), while the synthesis 
of B-O-Aryl guaiacyl glycerol ether (Figure 2), followed the method of 
Kratzl e t  a l (1959).

Miniature Particleboards

Blending of Wood Particles and Pressing

Poplar wood particles were obtained from 2.54 mm thick veneer hammer-milled 
and sieved on a vibrating screen. The fraction collected passed through a 
screen with 4.75 mm openings and was retained on a screen with 1.18 mm 
openings. Approximately 100 kg of this material was prepared, conditioned 
at 5 percent jnoisture content (MC) and stored so that a large supply of 
this material would be available for the entire study. Liquid phenol- 
formaldehyde resin from Borden Chemical (W 31-54B) was sprayed on wood

2



Figure 1

Synthesis of Sulphonates from Coniferyl Alcohol Ia,b

/ 1 R = OCH
MODEL COMPOUND 2 R=H

Ia,b

1. TEA/DMAP = Triethylamine/Dimethylaminopyridine

2. NBS = N-Bromosuccinimide

3. LAH = Lithium Aluminium Hydride



Figure 2

Synthesis of Sulphonates from B-O-Aryl Guaiacyl Glycerol Ether (II)

OH
MODEL COMPOUND H



particles in a rotating blender. For producing a small quantity of resin 
coated wood particles, a miniature blender, modified to accept a small 
quanity of adhesive, was prepared (Figure 3). The final MC of the coated 
particles was adjusted to 3-5 percent as required with a stream of air 
heated to 80°C.

Particleboards of five different dimensions were prepared (Figure 4) :
45:7 x 45.7 cm (three); 24.4 x 24.4 cm (four); 19.1 x 19.1 cm (ten);
9.6 x 9.6 cm (fifteen) and 7.1 x 7.1 cm (fifteen). The resin coated 
particles were hand felted into a form of corresponding dimension (Figure 5) 
and consolidated between two caul plates in an hydraulic press heated 
to a platen temperature of 175°C. A steam heated press with press 
platens of 61 x 61 cm was used for making the 45.7 x 45.7 cm particleboards 
while smaller panels were prepared with a 30 x 30 cm electrical press.
The closing pressure was 6-7 MPa and the press was closed to 1.1 cm stops 
within 60 _+ 10 seconds. The target density of the panels was 680 kg/m3 .
A typical small dimension panel made in this study is shown on Figure 6.

Board Evaluation

The panels were cut into 5.0 x 5.0 cm and 2.5 x 2.5 cm specimens as shown 
in Figure 4. The specimens were subjected to a two hour boiling water 
treatment, cooled 20 minutes in water at 20°C and finally dried 16 hours 
in a convection oven at 65°C. Internal bond strength (IB) was then 
evaluated on the dry specimens.

Chromatographic Equipment

A Waters High Pressure Liquid Chromatograph (HPLC) system with two M45 
solvent delivery modules, a M481 variable UV and 401 RI detectors with 
M730 Data Module Computer and M201 Gilson Collector was purchased for 
this study.

DISCUSSION

NH^SSL contains lignin, carbohydrates and salts. A previous study 
(Calve and Fréchet, 1983) has shown that carbohydrates play a major role 
in the polymerization of NH^SSL. An on-going computer search of literature 
on lignin-carbohydrate and phenolics has been established using the 
facilities at PPRIC, University of Ottawa and National Research Council 
(NRC). This literature survey will be continually up-dated with information 
on the latest developments in the area of lignin polymerization. At present, 
results of this survey have indicated that although there has been a 
tremendous amount of work conducted, the exact mechanism of polymerization 
of lignin and carbohydrates with and without phenolics is still unknown.
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Figure 3

Miniature Furnish Blender
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Figure 4

Cutting Pattern of the Various Particleboards
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Figure 5

Particleboard Mat in a 7.1 x 7,1 cm Forming Box



Figure 6

7.1 x 7.1 x 1.1 cm Particleboard
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The exact structure of lignin is not known with certainty, however several 
models, including that proposed by Adler (1977) are probably very represent-
ative of its structure, These models show a Cg repeating u l i t  consisting

II Irioures Phen°liC propano1 units. Model compounds I and
II (Figures 1 and 2) were prepared at McGill University under the direction
, . r : LeW1! following established organic synthesis techniques. Although 

ori o u s , their preparation presented no unexpected difficulties, 
ese model compounds will be used to simulate the reaction of lignin

f  Ydrat6S °r phenolics and thus ^in basic information oiTthe 
1. “^ appreaCtl°nS lnvolved during the polymerization of NH.SSL and 
NH^SSL-PF resins. 4

Working with model compounds or with highly purified lignin fractions, 
ill necessitate the use, of very small quantities of material 

which often requires several months of effort to prepare. Since we are

e l l T a l i n a  S i  ^  ^  deVel°pment of adhesives, a method for
evaluating the adhesive properties of very small quantities of material
wi n  be required. Several techniques for evaluating small quanities

ltB3 Hill Î9a8l ) beeAlïïOPOr d (C3lVé' 1982; B1^ Ski et a1'
of the^ terin?™ * Alth°Ugh promising results were obtained with some

ese techniques, none was found fully satisfactory as it is difficult
“  f 6 r"S“lts testing non-st.ndard asse2lie“
such as 4.0 cm diameter molded disks to those obtained when testing 
standard panel assemblies. The approach taken was to manufacture a small 
panel under conditions identical to those used for the manufacSre of 
a mfn f* ' Standard internal bond tests (IB) could be obtained from
r e q u i e m  r i 1 °nlY Specimens of 5.0 x 5.0 cm dimension are
sïïrl c  Perform this test. Internal bond is a key panel property 
since it provides information on the adhesive distribution and its curing 
P perties. Information gained from small panels would then be correctable 
to larger sizes. Depending on the quantity of adhesive avlll^l^ Jlrl^s 
sizes of panels could be produced. ' Various

dlmlScnl: P°S?Sf idit^  paf  ̂ eboard of five different

(.igura 6) the PZ l ^ l

particle”  S  T S g L ^ g ^ i h ' a  S g f  h S X ^  
ormmg and Pressing a mat of small dimension presented no problems when 

usmg screened hammer-milled wood particles (see experiment!" ÏI fact

T e n  s l T Z V T o T  PartHicle,E WSre f°Und to p°-ess excellent tack p r o x i e s  
.. ghtly compressed and this permitted easy handling of the mat
Upon pressing, panels with » tight” edges were produced figure s T ^ h i s

whfrimll li^IIIi 6dge Primmin5 requirements; an important consideration 
coIdiT dimension panels are being produced. The board manufacturing 
conditions were identical for all the panels except for those o f 4 5 7 7  
45.7 cm which were consolidated in a larger press (see experimental)
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Table 1 summarized the aged IB test results obtained from the various 
panel sizes along with average panel densities and standard deviations 
obtained for each result. In addition to standard 5.0 x 5.0 cm IB specimens, 
smaller 2.5 x 2.5 cm specimens were also evaluated for comparison.
Reducing the dimension of IB specimens would facilitate more
test results from even smaller panels. In this study, in order to
gain information on the durability of adhesive, IB specimens were obtained
from dry specimens after a two hour boil treatment.

As illustrated in Table 1, the preliminary tests of standard IB specimens 
(5.0 x 5.0 cm) were encouraging since the various panel sizes produced 
under similar conditions yielded similar IB strengths. There was no 
significant difference between the test results even when a press of 
different dimenions was used to manufacture the panels.

Internal bond is expressed as a force per unit surface area and should 
thus be independent of the tested specimen dimension. However, consistently 
lower IB values were obtained when 2.5 x 2.5 cm specimens were tested 
instead of standard 5.0 x 5.0 cm specimens (Table 1, Figure 7). This 
stresses the importance of using test specimens of identical dimensions 
for comparison of results unless a calibration curve is available. Slightly 
larger reduction in IB was observed for the 2.5 x 2.5 cm specimens obtained 
from small panels (Figure 7). This probably reflects an edge effect on 
the specimens taken from the smaller panels.

Nevertheless, these preliminary experimental results confirmed that very 
useful information may be gained from a panel as small as 7.1 x 7.1 cm 
which required only 2.2g of adhesive for its manufacture.

Producing a panel of small dimensions could only be accomplished if a 
suitable size of blender was available. Figure 8 shows the effect of 
resin content on IB for 7.1 x 7.1 cm particleboards. For this study,
45 g of particles was sprayed with 0.45 to 4.50 g of liquid phenolic resin 
(40 percent solid) in a miniature blender especially modified for this 
study (Figure 3). As indicated in Figure 8, at 5 percent phenolic content,
resin coated particles prepared in the large or miniature laboratory
blenders yielded panels with very similar IB test results.

Identifying a good adhesive and following its rate of cure is possible 
using a small particleboard. This is well illustrated in Figure 9, which
shows the effect of press cycle on aged IB for 7.1 x 7.1 cm panels.
These results were obtained from 2.5 x 2.5 cm IB specimens. A sharp 
increase in IB between 4 and 6 minutes gave a clear indication of the 
curing requirement of this particular resin. This experiment may be 
reproduced with various adhesives or potential adhesives(model compounds) 
thus obtaining valuable information concerning their respective curing 
requirements and reactivities.
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Table 1

Effect of Panel Dimensions on IB

5.0 x 5.0 cm Specimens 2.5 x 2.5 cm Specimens
Panel Number of Number of

Dimension Area Specimens Density IB Specimens Density IB
cm cm Tested kg/m3 kPa Tested kg/m3 kPa

7.1 x 7.1 56 8
716
(6)

637
(61)

2u 693
(13)

505
(49)

9.6 x 9.6 92 10
730
(9)

664
(33)

20
717
(8)

505
(75)

19.1 x 19.1 365 10
735
(18)

681
(38)

20
746
(25)

550
(78)

25.4 x 25.4 645 10
702
(18)

664
(38)

20
690
(28)

605
(74)

45.7 x 45.7 2088 10
748
(30)

690
(53)

20
755
(30)

621
(74)

Note : values in brackets represent standard deviation, 

particleboard bonded with 5 percent PF for 8 minutes at 175°C.
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Effect of Panel Dimension on IB

Figure 7

Note : For the 5.0 x 5.0 cm specimens, each point is an average of 10 tests 
while for the 2.5 x 2.5 cm specimens, each point is an average of 
20 tests.
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Figure 8

Effect of Resin Content on IB for 
7.1 x 7.1 cm Panels
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Figure 9

Effect of Press Cycle on IB for 
7.1 x 7.1 cm Particleboard Pressed at 175°C
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The HPLC equipment purchased by Forintek was available only during the 
fourth quarter period of the first year of the study. The instrument 
was installed and calibrated using a known set of standards. It is 
presently operating as expected. Studies on the polymerization of the 
carbohydrate portion of NH^SSL has been initiated using the HPLC unit 
to monitor the reactions. A preliminary chromatogram obtained from 
heat treated glucose is shown in Figure 10. Separation and identification 
of the various chemicals produced in the thermal polymerization of 
carbohydrates is in progress.

CONCLUSION

Studying the mechanism of polymerization of lignin-carbohydrate-phenolic 
is very complicated and involves several preparative tasks. An on-going 
computer search of the literature related to sulfite liquor and carbohydrate 
polymerization has been established. Two lignin, repeating units, model 
compounds were prepared (coniferyl alcohol and B-0- aryl guiacyl glycerol 
ether). A sensitive method for evaluating the adhesive properties of 
a small quantity of adhesive has been established and finally a high 

pressure liquid chromatography unit (HPLC) purchased by Forintek is 
now operative. The basic study on the polymerization of the carbohydrate 
portion of NH^SSL has been initiated using the HPLC system to monitor 
the reaction.

RECOMMENDATIONS

The preliminary tasks essential to the success of the project has been 
accomplished. It is recommended that the study be pursued as planned.
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Figure 10

Typical HPLC Chromatogram of Heat Treated Glucose
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Column Biorad HPX-87P 
Mobile Phase H20 85°C 
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