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Abstract 
Lignin or lignin residue by-product can be produced from black liquor of pulping process or from 
cellulosic ethanol process. This project studied these lignin by-products as a substitute for 
corncob/Superbond fillers in PF glue mixes for plywood production. Two types of lignins were evaluated 
in the lab tests and one of them was used in the mill trial production. PF glue mixes with up to 50% 
corncob/Superbond substituted with lignin were produced and evaluated for plywood production. The test 
glue mixes were comparable to the control in viscosity, stability and bond performance. It is technically 
viable that lignin or lignin residue by-product be used as a substitute for corncob/Superbond fillers in the 
plywood industry. Caution must be taken to ensure that all particles of lignin pass a 100-mesh screen and 
the glue mix passes a 40-mesh screen in order for the glue mix to be smoothly transferred from the 
storage tank to the glue mix applicator. 
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1 Objectives 
The objective of this project is to substitute phenol-formaldehyde (PF) glue mix extenders/fillers with 
lignin for plywood manufacturing, which would create a new opportunity for the application of lignin and 
lower the material cost of plywood glue mix. 
 
 

2 Introduction 
Plywood is a major wood composite product manufactured by the forest industry. Like the industry in 
general, the plywood industry is facing not only economic challenges due to the collapse of the US 
housing market, but also competition from other wood composite products, such as oriented strand board 
(OSB). Plywood mills are struggling to maintain profitability as wood quality declines, wood resources 
change and prices of raw materials increase. Among those raw materials, the costs of extenders/fillers in 
phenol-formaldehyde glue mixes for plywood manufacturing have nearly doubled in the past years. In 
addition most plywood mills have to deal with a single supplier of extender/filler materials due to the 
declining number of suppliers. For an average plywood mill, the extender/filler cost is about $400,000 per 
year. Currently there are nine plywood mills in BC. For these mills in total, the cost of 
extenders/fillers exceeds $3.6 million per year. 
 
Lignin is the second most abundant organic polymer on earth and a by-product from chemical pulping 
processes. Its calorific value is usually recovered by burning the black liquor through the recovery boiler. 
However, many chemical pulp mills are recovery boiler-limited. Burning of black liquor is the bottle-neck 
for production capacity in many chemical pulp mills. Lignin is also a by-product from cellulosic ethanol 
production process that uses wood or agricultural biomass as feedstock.  
 
Finding applications for lignin in plywood production would lower plywood production cost and increase 
production capacity of pulp mills or decrease the cost of ethanol production from lignocellulosic 
materials. Therefore, it would be valuable to these industries if lignin can be used to substitute 
extenders/fillers in PF glue mixes for plywood manufacturing.  
 
In this project, extensive lab tests were conducted, followed by a mill trial to demonstrate the potential of 
using lignin as a substitute for corncob/Superbond in PF glue mix for plywood production. 
 
 

3 Staff 
Guangbo He, Research Scientist, EWP Mfg & Product Dev, FPInnovations – Wood Products 

Martin Feng, Principal Scientist, EWP Mfg & Product Dev, FPInnovations – Wood Products 
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4 Materials and Methods 
4.1 Materials and Preparation 
4.1.1 Lignin 

Two kinds of lignin were used for glue mix preparation, plywood manufacturing and testing. Lignin 1 
was a kraft lignin precipitated from softwood black liquor in a kraft pulp mill. Lignin 2 was a residue by-
product from cellulosic ethanol production process. The residue by-product contained lignin as a major 
component. 
 
Lignin 1 was acid-precipitated, purified and air-dried by the FPInnovations’ Biorefinery Pilot Plant in 
Thunder Bay, Ontario. The lignin was shipped to the FPInnovations’ Vancouver lab and then ground into 
a powder using a Wiley mill and ready for use. 
 
Lignin 2 was obtained as a residue by-product with about 35% solids content from a cellulosic ethanol 
company. The lignin was dried at 40-50°C until the solids content reached over 90%. The lignin was 
ground into a powder using a Wiley mill and ready for use. Chemical analysis by the supplier indicated 
that this lignin material contained about 81% lignin.  
 
4.1.2 PF Resins 

Two commercial liquid PF resins were used for glue mix preparation and tests in the labs. Resin A was a 
low caustic PF and Resin B was a high caustic PF. 
 
4.1.3 Veneers and Additives 

Douglas fir and spruce veneers were obtained from an FPInnovations’ plywood member mill. Other glue 
mix additives, including industrial grade wheat flour, corncob, soda ash were also provided by the 
member mill.   
 
4.2 Lab Tests 
Physical properties of lignin such as moisture content and particle size distribution were conducted. The 
ash content was measured at 575°C according to ASTM E1755 Standard. 
 
PF control glue mixes and experimental mixes with lignin were made and tested. Up to 50% of total 
fillers (Corncob and Superbond) by weight in the PF glue mix was substituted with lignin. This study was 
done in the FPInnovations’ lab and the resin supplier’s lab, respectively. 
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Table 1 Parameters for plywood production in FPInnovations’ lab 
 

Veneer  1/8” thick spruce for inner layers and 1/8” thick Douglas 
fir for outer layers 

Panel size and type 15” × 15”, 5-ply 

Glue spread rate 32 lb/MSF SGL 

Assembly time 20 min 

Press pressure 200 psi 

Press temperature 150ºC 

Press time 4 min or 5 min 

Replicate 3 
 
Table 2 Parameters for plywood production in resin supplier’s lab 
 
  Bonding Speed Study Dryout Resistance Study 
Construction 5-Ply, 8" x 8" x 5/8" 3-Ply, 8" x 8" x 3/8" 
Open Assembly Time 5 min 20, 40, 60 min 
Pre-Press Time/Pressure 4 min @ 150 psi NA 
Closed Assembly Time 15 min NA 
Press Times 4,  3.75, 3.5 min 3 min 
Veneer 1/8" Douglas-fir @ 5.0% MC 
Adhesive Spread Rate 56 - 60 lbs/MSF DGL 
Panels per Condition 8 
Glue Application Laboratory Glue Spreader 
Hot Press  285ºF (140.6°C) and 190 psi 
Hot Stacked Overnight 
Glue Line Evaluation Vacuum/Pressure Test 
 
Plywood panels were produced with both of the control glue mixes and the test glue mixes in the 
FPInnovations’ lab and the resin supplier’s lab, respectively. Only resin A was tested in terms of bonding 
performance in the labs. Three-ply plywood panels were also produced with different open assembly 
times for evaluating glue dry-out resistance. The parameters for plywood production are summarized in 
Table 1 and Table 2, respectively. The shear tests under vacuum-pressure conditions were conducted 
according to Standard CSA O151-04 “Canadian softwood plywood”. 
 
4.3 Mill Trial 
The mill trial was carried out in an FPInnovations’ plywood member mill on February 28, 2012. Only 
resin B and Lignin 2 were applied in the mill trial because the mill switched its PF resin from Resin A to 
Resin B shortly before the scheduled trial date. Douglas fir veneers of 1/8” thickness were used for 
plywood production. A total of 70 three-ply plywood panels were produced. The panels were hot-stacked 
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before cutting and shipping to the labs for testing. The parameters for plywood production in the mill trial 
are summarized in Table 3. 
 
Table 3 Parameters for plywood production in mill trial 
 

Glue mixer 

Lignin replacement level 50.5% of PDC and Superbond 

Total mixed weight 7485 lbs 

Mixed glue viscosity 2170 cps at 90°F (32.2°C) 

Mixed glue temperature 93°F (33.9°C) 

Lay-up line 

Ambient temperature 65°F (18.3°C) 

Average veneer temperature 64 - 105°F (17.8 - 40.6°C) 

Spread rate 60 lbs/MDGL (58 lbs for control) 

Open assembly time 11 min (10 min for control) 

Closed assembly time 11 min 

Total assembly time 27 min (26 min for control) 

Press 

Pre-press time 5 min 

Hot press time 4 min (2 Panels/Opening) 

Hot press temperature 315°F (157.2°C) 

Inner glue line temperature 213°F (100.6°C) 

Hot press pressure About 190 psi 
 
The bonding performance of plywood was evaluated according to the Canadian Standard CSA O151-04 
“Canadian softwood plywood”. Twenty out of 70 test panels were randomly selected for this evaluation. 
Ten specimens were cut from each panel.  Five of them marked with odd numbers were tested under 
vacuum-pressure cycle and the other five marked with even numbers were tested under boil-dry-boil 
cycle conditions. The specimen cut pattern is shown in Figure 1. 
  



Lignin as a Substitute for Corncob in PF Glue Mixes for Plywood Manufacturing as a Substitute for Corncob in PF Glue Mixes for Plywood Manufacturing 

 
 

 
 

 
 5 of 11 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Shear specimens cutting pattern from plywood panels 
 
 

5 Results and Discussion 
5.1 Physical Properties of Lignin 
Particle size distribution and physical properties of lignin samples are listed in Table 4. The particle sizes 
were generally fine for both samples. It was noted, however, that Lignin 2 contained a small portion of 
particles that were retained on 100-mesh sieve. These particles would be small enough to pass through the 
adhesive filter, but could cause plugging at the glue spray tips. Usually a filler material used in plywood 
adhesive, particularly those used in sprayline application, contain no particles larger than the holes of a 
100-mesh sieve and greater than 60% of the sample weight pass through a 200-mesh sieve. 
 
The ash contents of two lignin samples were lower than 5%, which met the requirement for a high quality 
filler. Furfural residue (PDC) frequently contains a high percentage of ash. For example, the ash content 
of six PDC samples measured by the resin supplier averaged 12%. High ash content in filler may cause 
pump and tool wear. 
 
Table 4 Particle size distribution and physical properties of lignin samples 
 

Particle distribution Lignin 1 Lignin 2 High Quality Filler 
Sieve Mesh Size Retention (%) Suggested Specification 

100 nil 5 nil 
200 4 8 < 40% 
325 8 16 

> 60% 
Pan 88 71 

Physical Property 
Moisture Content 3.0% 6.4% < 10% 

Ash Content 1.2% 3.7% < 5% 
 

  
1   2   3   5   4   9   1 

0   
8   7   6   

1220 mm   
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5.2 Process and Properties of Glue Mixes 
The feasibility of substituting fillers (corncob/Superbond) with lignin in PF glue mixes was carefully 
evaluated in the FPInnovations’ Vancouver lab. Resin A, a low caustic PF, was used to produce PF glue 
mixes for the evaluation. The control PF glue mix was produced according to the control recipe and 
mixing procedure used in the target plywood mill.  
 
It was found that Lignin 1 was quite hydrophobic and was not dispersed well into PF resin directly. 
Therefore, the lignin was first dissolved into an alkaline solution that was made from the post-added 
sodium hydroxide in the glue mix recipe and then mixed with the PF resin during the glue preparation. 
This procedure prevented the formation of lignin agglomeration and ensured the glue mixes were 
homogeneous. Unlike lignin 1, Lignin 2 can be dispersed well into PF resin directly to produce 
homogeneous glue mixes. Table 5 lists the viscosities of fresh glue mixes and aged glue mixes after 
stored at room temperature for 24 hours. 
 
Table 5 Viscosities of PF glue mixes prepared in FPInnovation’ lab  
 

Filler 
Viscosity (cps) 

Fresh 24 hrs 

Control (0% lignin) 960 1200 

25% Lignin 1 1780 2150 

50% Lignin 1 1750 2100 

50% Lignin 2 1380 1000 

Note: Viscosity measured at 25°C (77°F) 
  
The viscosity of glue mixes increased when corncob/Superbond was partially substituted with both types 
of lignin. The viscosity increased more for Lignin 1 than for Lignin 2, but the increases were considered 
to be small. The test glue mixes were also stable as the viscosity did not change much after 24-hour 
storage. 
 
The feasibility of substituting fillers (corncob/Superbond) with lignin in PF glue mixes was also evaluated 
in the resin supplier’s lab. Both types of PF resins (low and high caustic contents) were used to prepare 
glue mixes for the evaluation. 
 
Table 6 Viscosity of Resin A glue mixes prepared in the resin supplier’s lab  
 

Filler 
Viscosity (cps) 

Initial Overnight 

Control 1 (0% Lignin 1) 1225 (27°C) 1650 (25°C) 

50% Lignin 1 1175 (27°C) 1600 (25°C) 

Control 2 (0% Lignin 2) 1275 (28°C) 1700 (25°C) 

50% Lignin 2 1700 (28°C) 2200 (25°C) 

Note: Viscosity measured at the temperatures in parentheses. 
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Initially Resin A was used to produce glue mixes as planned. The mixing procedure was modified when 
Lignin 1 was used to substitute corncob/Superbond in the glue mix. The lignin and the caustic were added 
into water before the PF resin addition to prevent lignin agglomeration. The control procedure was used 
for Lignin 2 without any mixing problems. Table 6 lists the viscosities of glue mixes at 0 and 50% 
substitution of fillers with Lignin 1 and Lignin 2 respectively. 
 
In the case of Lignin 1, its glue mix viscosities were similar to those of the control when the glue mixes 
were either fresh or aged overnight. In the case of Lignin 2, both of the fresh and overnight viscosities 
were higher than those of the control, but not by a large margin. All these viscosities were considered to 
be applicable. The stability of the glue mixes appeared to be acceptable in all cases. 
 
The evaluation of using Lignin 1 and Lignin 2 to substitute 50% of fillers was repeated for Resin B in the 
resin supplier’s lab because the plywood mill needed to change the PF resin from Resin A to Resin B 
shortly before the scheduled mill trial date. 
 
Using the Resin B glue mix recipe without back-added caustic, the preparation of glue mix with Lignin 1 
at 50% substitution of fillers was not successful with or without modification of the mixing procedure due 
to poor dispersion of Lignin 1. However, the preparation of glue mix with Lignin 2 at 50% substitution of 
corncob/Superbond was successful. The viscosities of glue mixes prepared from Resin B are listed in 
Table 7. 
 
Table 7 Viscosities of glue mixes prepared from Resin B in the resin supplier’s lab  
 

Filler 
Viscosity (cps) 

Measured Targeted at 25°C 

Control (0% Lignin 2) 1275 (23°C) 1400-1800 

50% Lignin 2 1525 (25°C) 1400-1800 

Note: Viscosity measured at the temperatures in parentheses. 
 
The viscosity of glue mix increased when corncob/Superbond was partially substituted with Lignin 2, but 
it met the targeted mix viscosity. No significant accumulation was observed on screen No. 20 or 40 when 
the glue mix was filtered. 
 
5.3 Bond Performance of Plywood in Lab Tests 
Plywood panels were produced and the bond performance was evaluated in the FPInnovations’ 
Vancouver lab and the resin supplier’s lab. Only Resin A was used in the panel making and testing. 
Lignin 1 was evaluated for 25 and 50% filler substitution levels while Lignin 2 was evaluated for only 
50% filler substitution level. 
 
Table 8 summarized the shear test results after the vacuum-pressure cycle treatment in the FPInnovations’ 
lab. For the panels produced at 240-second press time, the wood failure percentages were all lower than 
80%. The results of glue mixes with 25% and 50% Lignin 1 were similar to those of the control. 
However, the shear strength and percent wood failure of the glue mix with 50% Lignin 2 appeared to be 
higher. When the press time was extended to 300 seconds, bond quality was improved for all types of 
panels. All of these glue mixes produced satisfactory bond strength. 
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Table 8 Shear test results after the vacuum-pressure cycle treatment in FPInnovations’ lab 
 

Filler Press time 
(s) 

Vacuum-pressure 

Strength (psi) Wood failure (%) 

Control 
240 149 (46) 53 (23) 

300 175 (55) 90 (10) 

25% Lignin 1 
240 138 (33) 49 (24) 

300 162 (37) 78 (22) 

50% Lignin 1 
240 133 (39) 50 (23) 

300 178 (55) 85 (13) 

50% Lignin 2 
240 161 (47) 70 (16) 

300 156 (41) 86 (11) 

Note: Numbers in parentheses are standard deviations 
 
 
Table 9 Shear test results after the vacuum-pressure cycle treatment in resin supplier’s lab 
 

Filler Press time 
(s) 

Wood failure (%) 

Average Standard deviation 

Control 1 

240 89 13 

225 79 17 

210 46 34 

50% Lignin 1 

240 82 15 

225 65 22 

210 62 23 

Control 2 

240 81 14 

225 74 17 

210 51 36 

50% Lignin 2 

240 83 12 

225 71 21 

210 72 23 
 
Table 9 summarized the shear test results (percent wood failure) after the vacuum-pressure cycle 
treatment in the resin supplier’s lab. At the press time of 240 seconds, all panels gave percent wood 
failure higher than 80%. Both Lignin 1 and Lignin 2 were evaluated for 50% filler substitution level. The 
test panels bonded with the two lignin glue mixes showed comparable wood failure percentages to the 
controls at the press times of 240 and 225 seconds, and higher wood failure percentages than the controls 
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at the press time of 210 seconds. The gluelines were probably not fully cured with the shorter press times 
(225 and 210 seconds). 
 
It was observed that longer hot press time was needed to reach 80% wood failure in the FPInnovations’ 
lab than in the resin supplier’s lab. This difference was probably caused by the production process, during 
which the pre-press was applied in the resin supplier’s lab. The hot stacking may also have made a 
difference. 
 

 
 
Figure 2 Wood failure percent vs. open assembly time 
 
The glue dry-out resistance of glue mixes was also studied in the resin supplier’s lab and the results are 
shown in Figure 2. Apparently the performance of glue mix with either lignin was comparable to or better 
than the control. The introduction of lignin in the glue mixes did not increase the glue dry-out in 
comparison with the control. 
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The glue dry-out did not have significant impact on the wood failure up to 20-minute open assembly time. 
However, the wood failure percentage decreased with increasing assembly time regardless the presence or 
absence of lignin, implying the negative impact of glue dry-out on the bond performance.  
 
5.4 Performance of Glue Mix  in Plywood Mill trial 
Resin B and Lignin 2 were used in the mill trial. The glue mix produced with 50.5% lignin substitution 
for fillers looked very good. The glue mix was pumped into a storage tank without any abnormal residue 
left in the mixer. The viscosity was 2170 cps at 90°F (see Table 3), which was suitable for glue spreader 
application. The glue mix was applied using a glue spreader and the production process went smoothly. 
 
The glue mix sample was stored under room temperature conditions. No separation, precipitation, or glue 
skin was observed after the glue mix was stored for one week. The viscosity was 9600 cps at 25°C (77°F) 
after one-week storage. 
 
Table 10 Shear test results of 3-ply plywood panels from mill trial 
 

Filler Strength 
(psi) 

Wood failure 
(%) 

% Panels passing 
60% WF 

% panels passing 
30% WF 

Vacuum-pressure cycle treatment 

Control 182 (33) 75 (17) 75 100 

50% Lignin 2 207 (22) 85 (6) 100 100 

Boil-dry-boil cycle treatment 

Control 187 (30) 77 (17) 75 100 

50% Lignin 2 207 (23) 85 (6) 100 100 

Note: Numbers in parentheses are standard deviations 

 
The bond performance of panels with control filler and Lignin 2 was evaluated and the results are 
summarized in Table 10. The wood failure percentages for the test panels with lignin were higher than 
those for the control panels and passed 80% after both of the vacuum-pressure cycle treatment and boil-
dry-boil cycle treatment. 100% of the test panels passed 60% wood failure percentage, although rough 
veneers that reduced wood failure percentage were identified in two test panels out of 20 (10%). It should 
be noted that glue undercure was observed in five control panels out of 20 (25%). The five panels with 
glue undercure resulted in the average wood failure percentage lower than 80%. The average wood failure 
percentage of the control would have been over 80% under both treatment conditions if the five panels 
were removed.   
 

6 Conclusions 
Lignin 2, a lignin residue by-product from cellulosic ethanol production process, can be used as a 
substitute for fillers (corncob/Superbond) in PF glue mix for plywood manufacturing. Up to 50% fillers 
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can be substituted with this lignin residue. The bond performance of the resulting plywood panels passed 
the standard requirement according to Canadian Standard CSA O151-04. 
 
Kraft lignin can also potentially be used as a filler substitute in PF glue mix to produce qualified plywood 
product at 50% substitution level. Care must be taken to ensure that the kraft lignin is dispersed well in 
the glue mix by modifying glue mix recipe and adjusting the alkalinity/mixing procedure. 
 
 

7 Recommendations 
Lignin 2 is recommended as a substitute for corncob/Superbond in plywood production. All particle sizes 
of lignin must pass 100-mesh screen, particularly when the lignin is applied to glue curtain coating lines 
or glue spraying lines. 
 
There is potential for higher filler substitution levels and the substitution of other additives in the glue mix 
recipes. Further study is recommended. 
 
Unwashed kraft lignin or unpurified kraft lignin is probably more compatible to PF resins and more 
suitable to this application due to inherently higher alkalinity. Further study is recommended. 
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