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Summary 
Phenolic glue extenders/fillers from mountain pine beetle (MPB)-attacked wood (sander dust, 
bark and wood particles) were developed as substitutes for corncob to reduce the costs of 
plywood manufacturing. Laboratory tests of the bonding performance of plywood panels 
produced with these new glue mixes generally exceeded the standard requirements for 
Canadian plywood in terms of wood failure percentage under both vacuum-pressure and boil-
dry-boil conditions.  All alternative extenders/fillers, except one: mountain pine beetle bark, 
increased the viscosity of glue mixes. The glue mix formulations may need to be adjusted in 
commercial production to minimize the impact on the glue application process. 
 
Among these alternative glue extenders/fillers, sander dust is the most promising substitute for 
corncob since it is a by-product from the production of medium density fiberboard (MDF) 
production or particleboard, and as such has little value. With little treatment, it can be applied in 
a phenol-formaldehyde (PF) glue mix to partially or fully substitute for corncob. This will reduce 
cost and ensure a steady supply of extenders/fillers.  
 
It is recommended that a mill trial be conducted to confirm and quantify the economic benefits.   
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1 Objectives 
• To investigate current and potential future manufacturing issues and opportunities to 

mitigate costs, recover value, improve recoveries, maintain product quality standards 
and develop new quality assurance standards as necessary. 

 
The key objectives of this project were: 
 

• To develop alternative PF glue extenders and fillers using MPB-attacked wood residues; 
• To evaluate the performance of new extenders and fillers in plywood production. 

 
 

2 Introduction 
The costs of extenders and fillers in phenol-formaldehyde (PF) glue mixes for plywood 
manufacturing have nearly doubled in the past few years. In addition the number of suppliers of 
extenders and fillers has declined to the point where most plywood mills have only one. For an 
average plywood/LVL mill, extenders and fillers cost about $350,000 per year. Currently there 
are nine plywood/LVL mills in BC. For these mills in total, the cost of extenders and 
fillers exceeds $3 million per year. There is a demand from our plywood producers to investigate 
the possibility of changing or substituting the existing extenders/fillers with other more 
economically viable products that would maintain or improve the viscosity and performance of 

F glue mixes. P 
Industrial flours and nutshell flours are normally used as extenders and fillers respectively in PF 
glue mixes.  Other proteinaceous and amylaceous substances can also be used as extenders, 
and bark flours, wood flours and lignin can be used as fillers (Sellers 1985). An earlier study 
(Chow 1978) showed that tree foliage powder could be a good extender/filler for wood 
adhesives applied in plywood and particleboard manufacturing. Particleboard sander dust was 
also found to perform satisfactorily as a plywood glue extender (Stout and Rogerson 1976, 
Knudson et al 1978). A local particleboard mill in BC commercially produced this extender 
under the trade name of MB-X10 for plywood mills. Unfortunately, this commercial extender 

roduct became unavailable when the particleboard mill was closed in the late 1990s. p 
Based on the past studies, mountain pine beetle (MPB)-attacked forest residues, wood and 
wood waste, including MPB foliage, MPB wood product manufacturing waste or residues, have 
potential as raw materials for alternative extenders/fillers. MPB-attacked wood from British 
Columbia is used primarily to make dimension lumber and wood composite products. 
Manufacturing MPB wood, however, produces much more wood waste than normal due to 
a lower recovery of valuable products. Utilizing this wood waste not only recovers more 
value from MPB wood, but also reduces environmental impact. With the extenders and 
fillers produced from local MPB residues and wood waste, plywood mills would be able to 

inimize the costs of extenders and fillers, and to ensure steady supply of extenders and fillers. m 
Using glue extender/fillers from MPB wood residues has a potential added benefit of reducing 
glue dry-out and plywood delamination. Delamination is currently encountered in most 
applications of plywood as a construction material, and particularly when it is used as a 
subflooring product (Heng et al 2005). It has become the most important issue in the 
manufacturing of plywood. One of the major causes is glue dry-out, which is associated with 
high water absorbance of veneers and long assembly time. Utilizing a new glue extender that 
can retain more water would make glue mixes more resistant to glue dry-out. 
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This project developed alternative phenolic glue extenders/fillers from MPB-attacked wood, 
including MDF sander dust, bark and wood particle. The bonding performance of the plywood 
panels produced with these new extenders/fillers was evaluated. Also the effects of alternative 
extenders/fillers on the viscosity of PF glue mixes were investigated.  
 
 

3 Materials and Methods 
3.1 Materials 
Resin: A commercial PF plywood resin was obtained from a resin company. 
 
Additives: Commercial industrial wheat flour, corncob and soda ash were obtained from an 
FPInnovations-Forintek member mill. 
 
Sander dust (SD): Two different MDF sander dusts were obtained from an FPInnovations-
Forintek member mill. One contained methyl diphenyl diisocyanate (MDI) resin (MDI Sander 
dust), and another contained urea-formaldehyde (UF) resin (UF Sander dust). The MDF was 
made from MPB wood. 
 
Bark powder: MPB bark was obtained from debarking MPB logs in the Forintek pilot plant. The 
bark was dried in an oven at 103ºC for at least 3 hours prior to processing. The bark was then 
ground in a Wiley mill into bark powder. 
 
MPB wood powder: Blue-stained and nonblue-stained veneers were ground in the Wiley mill 
into wood powder respectively. 
 
Spruce veneer: Four feet by eight feet fresh spruce veneer sheets (1/8” thick) were obtained 
from the Richply plywood mill. The veneers were dried at 150ºC in our pilot plant dryer, and then 
cut into 15” by 15” sheets. The veneer sheets were stored in our pilot plant. 
 
3.2 Characterization of Extenders/fillers 
pH: An extender/filler was mixed with water at 10% solids content. The pH of the mix was 
measured using a pH meter after the mix was stored at room temperature for 1 hour. 
 
Moisture content (MC): The moisture content was measured using the oven dry method. 
 
Weight loss: Thermogravimetric analysis (TGA) (Q500, TA instruments) was used to measure 
the weight loss. A sample was heated in TGA platinum pan from room temperature to 600ºC at 
20ºC/min. The weight of the sample was recorded at different temperatures. The actual weight 
loss (at 590ºC) of the sample was calculated. 
 
Resin content in sander dust: The resin content was calculated based on the Nitrogen content in 
the sander dust. The Nitrogen content was measured by the Kjeldahl Nitrogen method. 
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3.3 Preliminary Viscosity Evaluation of Extenders/fillers 
The powdered extenders/fillers were screened using a 100-mesh sieve (or other sizes as 
indicated in the report) and the powder that passed the 100-mesh sieve was collected for 
sampling. A control PF glue mix was produced with a glue mix recipe used in the plywood 
industry. The components in a glue mix were mixed only by manually stirring for about 5 min 
before the first viscosity measurement, which was defined as the initial viscosity. The viscosity 
was measured at room temperature using a Brookfield viscometer with the spindle speed of 6 
rpm. The viscosity reading was obtained in 2 minutes. The viscosity of the glue mix was 
monitored at different times for about 24-28 hours. Experimental PF glue mixes were also 
produced by substituting either wheat flour or corncob, or both with alternative extenders/fillers. 
The viscosity was measured compared to the control glue mix. 
 
3.4 Plywood Manufacture and Test 
Three-ply plywood panels were manufactured for evaluating the bonding performance of the 
glue mixes produced with alternative extenders/fillers. A 800-g glue mix was made for each 
recipe using a universal kitchen mixer. The pre-dried spruce veneers were re-dried in an oven at 
103ºC for 1 hour prior to use. The parameters for plywood production are listed in Table 1. 
 
Table 1 Parameters for plywood manufacturing 
 

Veneer  1/8” thick spruce 

Panel size and type 15” × 15”, 3-ply 

Glue spread rate 35 lb/1000 ft2 single glueline (SGL) 

Assembly time 5 min (Panel A), 20 min (Panel B) 

Press pressure 200 psi 

Press temperature 150ºC 

Press time 5 min 

Replicate 5 
 
 
Two groups of plywood panels were manufactured. In the first group, the control plywood panels 
were produced with an industrial glue mix recipe, which contained 4.6% wheat flour and 5.8% 
corncob. The experimental plywood panels were produced with the same glue mix recipe, but 
the corncob was substituted with an alternative extender/filler. The alternative extenders/fillers 
used in this group were screened and passed a 100-mesh sieve.  
 
In the second group, the control plywood panels were produced with another industrial glue mix 
recipe, which contained 6.6% wheat flour and 5.5% corncob. The experimental plywood panels 
were produced with the same glue mix recipe, but the corncob was substituted with sander dust 
at a 50% or 100% level, or with 50% sander dust and 50% Superbond (a trade name) filler. The 
sander dust used in this group was screened and passed a 50-mesh sieve. 
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The viscosity of the glue mixes was also measured at room temperature using the Brookfield 
viscometer at the spindle speed of 6 rpm. For the purpose of comparison, a 5-kg glue mix was 
made with the same recipe using a large glue mixing system in our pilot plant and the viscosity 
was measured. 
 
Forty shear specimens were cut from each panel for testing the bonding performance of 
plywood according to CSA Standard O151-04 (2004) after the panels were stored in the pilot 
plant for one week. Half of the 40 specimens were cut with the lathe checks in the closed 
configuration and the other half were cut with the lathe checks in the open configuration. Twenty 
specimens (10 with closed lathe checks and 10 with open lathe checks) were subjected to the 
vacuum/pressure cycle and the other 20 specimens were subjected to the boil-dry-boil cycle. 
The shear test was conducted using a plywood shear testing machine when the specimens 
were still wet. The shear strength and wood failure percentage were recorded for each 
specimen. The average shear strength and wood failure percentage were obtained for all 
specimens of the 5 panels. 
 
 

4 Results and Discussion 
4.1 Characteristics of Extenders/fillers 
Table 2 lists some basic characteristics of the control and alternative extenders/fillers. The 
wheat flour had high moisture content and high pH, while the corncob had low moisture content 
and low pH. Compared to the control, the alternative extenders/fillers showed moderate 
moisture contents and pHs between wheat flour and corncob. Thus the alternative 
extenders/fillers may have less impact on the pH of a glue mix when the control corncob was 
substituted and slightly higher impact on the pH when wheat flour was substituted. The weight 
loss at high temperature for all of the alternative extenders/fillers is higher than that for the 
control corncob. The MPB wood had the highest weight loss, followed by the sander dusts, and 
the MPB bark with the lowest one in the alternative extenders/fillers. A high weight loss 
generally reflects low ash content in the filler. In addition, the MDI sander dust contained about 
3.7% cured MDI resin, and the UF sander dust contained about 9% cured UF resin according to 
the total Kjeldahl Nitrogen results. 
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Table 2 Characteristics of extenders/fillers 
 

Extender/filler MC (%) pH Weight loss at 590ºC (%) 
Wheat flour 9.4 6.02 Not measured 

Corncob 4.3 2.49 68.1 
MDI sander dust 5.8 4.76 81.9 
UF sander dust 5.3 5.30 84.4 

MPB bark 7.6 4.23 76.3 
Bluestained MPB wood 5.9 4.39 

Non-bluestained MPB wood 4.9 4.60 
85.0 

(mixed, 50/50) 
 
 
4.2 Effects of Extenders/fillers on Viscosity 
The viscosity of a glue mix and the viscosity stability are important parameters in the 
manufacturing of plywood. The viscosity range of a glue mix depends on different resin 
application technologies. In general the spray or curtain applications require a lower viscosity 
range than the roll coating application. To evaluate the effects of alternative extenders/fillers on 
the viscosity of glue mixes, different PF glue mixes were produced and measured. 
 

0

5000

10000

15000

20000

25000

30000

35000

0 5 10 15 20 25 30

Time (h)

Vi
sc

os
ity

 (m
Pa

.s
)

Control
Bluestained
Non-bluestained
MPB bark
MDI-SD
UF-SD

 
Figure 1 Viscosity of glue mixes with various extender/filler substitutes for corncob 
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Figure 1 shows the effects of alternative extenders/fillers on the viscosity of glue mixes. The 
control glue mix showed low initial viscosity and a moderate increase in viscosity with increasing 
storage time. The initial viscosity increased in all cases when corncob was substituted with 
different alternative extenders/fillers. The biggest increase in initial viscosity was for the MPB 
wood (bluestained sapwood and non-bluestained heartwood), followed by sander dust (MDI and 
UF), and the lowest increase for the MPB bark. The viscosity increased with increasing storage 
time for all extenders/fillers including the control extender/filler. The increasing rate in viscosity 
was not significantly different except for the bluestained wood, which showed a higher rate of 
increase than the others. 
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Figure 2 Effect of particle size of MDI sander dust on viscosity of glue mixes 
 
The particle size of extenders/fillers may have influence on the viscosity of a glue mix. Figure 2 
shows the viscosity of glue mixes for the MDI sander dust that passed 50-mesh and 100-mesh 
sieves respectively. The initial viscosity and the increasing rate in viscosity for both sander dusts 
were similar. To better understand this result, the particle size distribution of the sander dust 
was measured and the result is listed in Table 3. 
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Table 3 Particle size distribution of sander dusts 
 

Extender/filler 50-mesh (%) 100-mesh (%) 
MDI sander dust >99.5 90 
UF sander dust >99.5 92 

 
The result indicated that almost all sander dust passed the 50-mesh sieve except a small 
amount of impurities such as fibres, while 90% or more sander dust passed the 100-mesh 
sieve. This demonstrated that only 10% of MDI sander dust that passed through 50-mesh sieve 
has higher particle size than the MDI sander dust that passed through 100-mesh sieve. This 
difference in particle size did not affect the viscosity of the glue mixes. 
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Figure 3 Viscosity of glue mixes with various extender/filler substitutes for both wheat flour and 
corncob 
 
Figure 3 shows the effect of alternative extenders/fillers on the viscosity of glue mixes when 
both wheat flour and corncob were substituted. The increase in viscosity for sander dust and 
MPB wood was significant compared to the control. However, the increase in viscosity with 
storage time for sander dust and MPB wood was not significantly different from the control. It is 
worth noting that the MPB bark showed similar initial viscosity to the control. The viscosity 
increased during the first four hours, and then decreased to level off during twenty-eight hours. 
This can be probably attributed to the chemical reactions of polyphenols in the bark under 
alkaline conditions. 
 

 



Development of PF Glue Extenders/Fillers from MPB Wood for Plywood Manufacturing  

 
 

 
 
 ©2010 FPInnovations – Forintek Division. All rights reserved 8 of 19 

For further investigation of the effect of alternative extenders/fillers on the viscosity, the wheat 
flour in the glue mix was also substituted with MPB wood. The viscosity was measured and the 
result is shown in Figure 4. As shown in the previous figures, the MPB wood induced the 
highest increase in viscosity among all the alternative extenders/fillers. When only the wheat 
flour was substituted with the MPB wood, the initial viscosity increased as previous results, but 
the increased values were not as high as those in the previous results. Furthermore, the 
increase in viscosity with increasing storage time was more moderate. This suggests that the 
wheat flour in the glue mixes contributed more to high viscosity and induced a faster increase in 
viscosity with increasing storage time compared to corncob. It is also indicated that the 
alternative extenders/fillers did not significantly affect the stability in terms of viscosity versus 
storage time, even though they induced an increase in the initial viscosity when wheat flour or 
corncob was substituted in the glue mixes. 
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Figure 4 Viscosity of glue mixes with the MPB wood substitute for wheat flour 
 
 
4.3 Performance of Alternative Extenders/fillers in Plywood Manufacturing 
4.3.1 Evaluation of Various Extenders/fillers 

In the first group, various extenders/fillers including sander dust, bark and MPB wood, were 
evaluated for their bonding performance in plywood panels. The control panels were first 
produced and evaluated for the purpose of comparison. 
 
Tables 4 and 5 list the shear testing results of the control panels under vacuum-pressure and 
boil-dry-boil conditions respectively. Panels A series and panels B series have 5 min and 20 min 
assembly times respectively. The average wood failure percentage generally exceeded 80%, 
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which was the minimum requirement by the Canadian Standard (CSA O151-04 2004) under 
both vacuum-pressure and the boil-dry-boil conditions. The average shear strength was 
generally high, from 140 to 160 psi for all cases. The shear strength was generally lower under 
the boil-dry-boil condition than under the vacuum-pressure condition, indicating that the former 
cycle induced more loss in wood strength than the latter one. The standard deviations for shear 
strength were generally high mainly because of the significant difference in shear strength 
between specimens with open lathe checks and specimens with closed lathe checks. It should 
be noted that some individual panels, such as panel B1 showed much lower wood failure 
percentage under the boil-dry-boil condition, so did panel B2 under the vacuum-pressure 
condition. Most likely, these exceptions can be attributed to variations in veneer quality. 
 
Table 4 Shear testing results of control plywood under vacuum-pressure condition 
 

Panel Strength  
(psi) 

Wood failure 
(%) Panel Strength  

(psi) Wood failure (%) 

A1 157.3 (34.4) 96.4 (5.6) B1 152.7 (34.4) 95.6 (6.3) 

A2 164.2(79.9) 92.1 (13.2) B2 144.4 (21.9) 56.8 (38.1) 

A3 151.3 (24.1) 92.4 (8.5) B3 173.7 (45.5) 96.8 (3.7) 

A4 138.1 (10.1) 89.7 (9.5) B4 146.8 (29.9) 95.9 (3.6) 

A5 150.0 (53.7) 93.3 (10.5) B5 181.4 (54.0) 95.3 (7.8) 

AVE 152.2 (47.0) 92.8 (9.8) AVE 160.0 (41.0) 87.7 (24.0) 
* The numbers in parentheses are standard deviations 

 
 
Table 5 Shear testing results of control plywood under boil-dry-boil condition 
 

Panel Strength  
(psi) 

Wood failure 
(%) Panel Strength  

(psi) Wood failure (%) 

A1 134.7 (73.6) 86.3 (16.7) B1 133.3 (31.9) 47.4 (27.7) 

A2 130.3 (46.9) 77.8 (24.6) B2 132.3 (21.4) 86.9 (16.3) 

A3 128.1 (15.1) 90.5 (14.6) B3 133.4 (18.1) 94.1 (6.2) 

A4 145.8 (34.8) 77.7 (17.1) B4 150.4 (49.8) 95.6 (12.1) 

A5 159.8 (35.7) 82.0 (28.9) B5 169.8 (27.4) 88.2 (14.7) 

AVE 139.4 (45.9) 83.3 (20.8) AVE 143.5 (34.1) 81.7 (25.0) 
* The numbers in parentheses are standard deviations 

 
Tables 6-7 and Tables 8-9 list the shear testing results of plywood panels for the substitution of 
corncob with MDI sander dust and UF sander dust respectively. The wood failure percentage 
was much higher than 80% for most cases. This suggests that using sander dust as a substitute 
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for corncob in the glue mix did not negatively affect the bond quality of plywood. In fact this kind 
of extender/filler probably improved the bond quality to some extent because very high wood 
failure percentages were obtained in some cases. Another probable cause of these high wood 
failure percentages is the veneer variation because lower shear strength was obtained for the 
panels in Tables 8-9 compared to the control. 
 
 
Table 6 Shear testing results of plywood with MDI sander dust filler under vacuum-pressure condition 
 

Panel Strength  
(psi) 

Wood failure 
(%) Panel Strength  

(psi) Wood failure (%) 

A1 151.5 (47.4) 87.0 (20.8) B1 114.1 (44.6) 99.5 (2.3) 

A2 125.0 (61.6) 97.8 (7.0) B2 135.7 (57.3) 99.2 (2.5) 

A3 129.9 (38.6) 93.3 (8.0) B3 114.9 (39.6) 98.7 (4.7) 

A4 151.9 (53.8) 71.8 (30.7) B4 117.5 (46.9) 99.7 (1.1) 

A5 180.3 (28.7) 91.1 (11.7) B5 139.5 (61.7) 99.8 (1.1) 

AVE 147.7 (50.4) 88.3 (19.6) AVE 124.5 (51.0) 99.4 (2.6) 
* The numbers in parentheses are standard deviations 

 
Table 7 Shear testing results of plywood with MDI sander dust filler under boil-dry-boil condition 
 

Panel Strength  
(psi) 

Wood failure 
(%) Panel Strength  

(psi) Wood failure (%) 

A1 146.2 (49.9) 88.2 (21.9) B1 126.7 (32.3) 99.0 (2.6) 

A2 113.7 (30.6) 98.3 (4.9) B2 128.9 (26.2) 99.2 (3.4) 

A3 138.6 (39.3) 99.4 (2.4) B3 111.8 (14.1) 97.5 (11.2) 

A4 132.5 (57.8) 84.7 (9.5) B4 125.5 (39.3) 100.0 (0.0) 

A5 141.9 (28.9) 98.9 (3.2) B5 121.5 (65.7) 99.7 (1.2) 

AVE 134.2 (43.4) 94.0 (12.2) AVE 122.8 (38.1) 99.0 (5.5) 
* The numbers in parentheses are standard deviations 
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Table 8 Shear testing results of plywood with UF sander dust filler under vacuum-pressure condition 
 

Panel Strength  
(psi) 

Wood failure 
(%) Panel Strength  

(psi) Wood failure (%) 

A1 139.0 (61.2) 98.8 (3.9) B1 113.4 (26.3) 100.0 (0.0) 

A2 90.5 (28.9) 99.8 (1.1) B2 111.2 (36.8) 100.0 (0.0) 

A3 125.7 (40.1) 100.0 (0.0) B3 100.3 (23.9) 100.0 (0.0) 

A4 102.7 (46.9) 100.0 (0.0) B4 91.4 (40.4) 100.0 (0.0) 

A5 134.5 (30.0) 98.5 (6.7) B5 88.2 (20.7) 100.0 (0.0) 

AVE 118.5 (46.2) 99.4 (3.5) AVE 100.9 (31.7) 100.0 (0.0) 
* The numbers in parentheses are standard deviations 

 
 
Table 9 Shear testing results of plywood with UF sander dust filler under boil-dry-boil condition 
 

Panel Strength  
(psi) 

Wood failure 
(%) Panel Strength  

(psi) Wood failure (%) 

A1 133.9 (52.4) 99.8 (1.1) B1 79.9 (23.7) 100.0 (0.0) 

A2 100.8 (23.5) 100.0 (0.0) B2 78.8 (21.4) 100.0 (0.0) 

A3 128.8 (59.1) 99.5 (1.5) B3 116.6 (38.6) 99.7 (1.2) 

A4 86.1 (29.9) 100.0 (0.0) B4 105.2 (17.9) 100.0 (0.0) 

A5 64.8 (8.2) 100.0 (0.0) B5 103.3 (21.4) 100.0 (0.0) 

AVE 102.9 (46.6) 99.9 (0.9) AVE 96.8 (29.3) 99.9 (0.5) 
* The numbers in parentheses are standard deviations 

 
The shear testing results of plywood panels for the substitution of corncob with MPB bark are 
listed in Tables 10-11. The wood failure percentage was lower than 80% under both of the 
vacuum-pressure and boil-dry-boil conditions when the assembly time was 5 min, but much 
higher than 80% when the assembly time was 20 min. This implies that longer assembly time is 
needed to reach the required wood failure percentage for a glue mix that contains MPB bark. 
Substituting corncob with MPB bark in the glue mix induced the least increase in viscosity, but it 
worsened the bonding performance of plywood at a short assembly time. 
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Table 10 Shear testing results of plywood with pine bark filler under vacuum-pressure condition 
 

Panel Strength  
(psi) 

Wood failure 
(%) Panel Strength  

(psi) Wood failure (%) 

A1 133.0 (45.4) 52.8 (27.2) B1 131.0 (20.6) 92.8 (11.8) 
A2 129.9 (30.6) 81.3 (24.0) B2 108.4 (41.8) 97.8 (3.0) 
A3 167.5 (61.7) 67.7 (34.1) B3 120.3 (36.2) 94.7 (5.9) 
A4 143.9 (58.5) 62.0 (33.9) B4 121.4 (42.7) 93.1 (13.0) 
A5 104.4 (32.7) 76.7 (21.7) B5 157.3 (35.2) 89.7 (19.2) 

AVE 136.8 (51.0) 66.5 (30.2) AVE 126.9 (38.6) 93.8 (11.8) 
* The numbers in parentheses are standard deviations 

 
 
Table 11 Shear testing results of plywood with pine bark filler under boil-dry-boil condition 
 

Panel Strength  
(psi) 

Wood failure 
(%) Panel Strength  

(psi) Wood failure (%) 

A1 106.6 (19.6) 79.8 (17.6) B1 108.8 (42.4) 99.3 (1.8) 
A2 139.2 (41.2) 82.5 (19.0) B2 119.8 (21.7) 96.5 (5.6) 
A3 138.9 (72.6) 72.9 (33.6) B3 142.5 (5.6) 100.0 (0.0) 
A4 133.8 (47.7) 76.3 (19.7) B4 127.0 (24.4) 98.2 (5.4) 
A5 160.8 (23.2) 79.3 (18.4) B5 115.6 (26.0) 98.7 (3.0) 

AVE 133.8 (46.3) 78.0 (21.6) AVE 121.4 (35.1) 98.4 (4.0) 
* The numbers in parentheses are standard deviations 

 
 
Table 12 Shear testing results of plywood with MPB wood filler under vacuum-pressure condition 
 

Panel Strength  
(psi) 

Wood failure 
(%) Panel Strength  

(psi) Wood failure (%) 

A1 119.9 (43.2) 98.3 (6.7) B1 150.5 (15.8) 100.0 (0.0) 
A2 136.0 (60.7) 99.8 (1.1) B2 118.2 (25.6) 100.0 (0.0) 
A3 159.0 (34.6) 99.3 (1.8) B3 119.2 (27.4) 99.5 (2.3) 
A4 122.1 (35.3) 100.0 (0.0) B4 121.7 (30.4) 99.3 (2.4) 
A5 111.4 (22.1) 98.8 (3.9) B5 115.1 (53.2) 98.8 (5.6) 

AVE 129.7 (43.7) 99.2 (3.6) AVE 124.9 (34.8) 99.5 (2.9) 
* The numbers in parentheses are standard deviations 
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Table 13 Shear testing results of plywood with MPB wood filler under boil-dry-boil condition 
 

Panel Strength  
(psi) 

Wood failure 
(%) Panel Strength  

(psi) Wood failure (%) 

A1 136.7 (27.7) 97.3 (6.2) B1 122.9 (25.9) 99.0 (3.1) 
A2 143.9 (40.4) 99.5 (1.5) B2 95.4 (33.0) 98.8 (5.6) 
A3 102.1 (18.2) 98.5 (2.9) B3 102.8 (20.8) 100.0 (0.0) 
A4 96.0 (39.0) 99.5 (2.2) B4 118.1 (20.4) 99.8 (1.1) 
A5 110.4 (31.1) 99.5 (2.2) B5 96.4 (27.5) 100.0 (0.0) 

AVE 117.8 (37.0) 98.9 (3.5) AVE 107.1 (27.8) 99.5 (2.9) 
* The numbers in parentheses are standard deviations 

 
 
Tables 12-13 list the shear testing results of plywood panels for the substitution of corncob with 
MPB wood powder, which contained 50% bluestained sapwood and 50% non-bluestained 
heartwood. The wood failure percentage was much higher than 80% for all cases, while the 
shear strength was in a common range. 
 
4.3.2 Evaluation of Sander Dust 

Sander dust is a by-product in the process of MDF or particleboard. Therefore, the advantages 
of its low cost and local supply will draw great attention to some plywood mills if the sander dust 
can be used as a glue extender/filler. In this section, more evaluation was conducted on the 
bonding performance of plywood panels produced with the sander dust as an alternative glue 
extender/filler. The plywood panels produced in this group were tested only under the vacuum-
pressure condition. 
 
Table 14 Shear testing results of control plywood under vacuum-pressure condition (the second group) 
 

Panel Strength  
(psi) 

Wood failure 
(%) Panel Strength  

(psi) Wood failure (%) 

A1 154.8 (41.3) 85.5 (18.6) B1 119.5 (50.0) 98.5 (3.3) 
A2 148.5 (27.5) 86.3 (18.9) B2 145.5 (66.1) 97.0 (4.7) 
A3 192.0 (18.5) 32.3 (27.5) B3 124.5 (17.7) 99.8 (1.1) 
A4 152.5 (53.3) 92.0 (14.2) B4 173.3 (79.3) 84.3 (18.0) 
A5 120.0 (47.3) 97.8 (3.8) B5 132.8 (13.1) 98.8 (5.6) 

AVE 153.6 (45.2) 78.7 (29.9) AVE 139.1 (54.7) 95.7 (10.4) 
* The numbers in parentheses are standard deviations 

 
The control plywood panels in this group were bonded with a glue mix produced from another 
glue mix recipe that showed higher viscosity than the recipe used in the first group. Table 14 
lists the shear testing results of plywood panels under the vacuum-pressure condition. The 
average wood failure percentage for Panel A series was 78.7%, slightly lower than 80%. The 
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individual panel results showed that the wood failure percentage was higher than 80% for all 
panels in Panel A series except for Panel A3. This panel showed much lower wood failure 
percentage, but much higher shear strength than the other panels. Again the low wood failure 
percentage and high shear strength were probably the result of variation in veneer properties. 
The average wood failure percentage for Panel B series was very high, suggesting that the 
bond quality of these panels was good. 
 
The experimental plywood panels were produced with the glue mixes in which corncob was 
substituted with MDI sander dust at 50% and 100% levels. The shear testing results of plywood 
bonded with these two glue mixes under the vacuum-pressure condition are listed in Table 15. 
The average wood failure percentage for both glue mixes exceeded 80% requirement 
regardless of differences in assembly time. The substitution level of corncob with MDI sander 
dust did not affect the bond quality of the panel significantly. The average wood failure 
percentage for Panel A series with 100% MDI sander dust was lower, but the shear strength 
was higher compared to the other panels. Again this was attributed to variation in veneer 
quality. 
 
Table 15 Shear testing results of plywood with MDI sander dust under vacuum-pressure condition (the 
second group) 
 

Panel Strength  
(psi) 

Wood failure 
(%) Panel Strength  

(psi) Wood failure (%) 

50% sander dust, 50% corncob 100% sander dust 
A1 114.8 (38.8) 95.5 (9.0) A1 130.2 (43.3) 83.4 (23.3) 
A2 125.9 (43.8) 92.8 (9.8) A2 120.3 (37.7) 92.5 (7.0) 
A3 128.8 (41.4) 87.6 (18.4) A3 153.1 (37.7) 74.8 (25.2) 
A4 115.0 (32.7) 95.8 (5.9) A4 182.6 (29.4) 71.8 (33.9) 
A5 128.3 (24.4) 87.4 (22.3) A5 135.9 (31.2) 79.5 (25.2) 

AVE 122.4 (37.3) 92.1 (14.1) AVE 144.4 (41.7) 80.4 (25.1) 
B1 138.0 (45.5) 94.5 (16.9) B1 162.4 (37.0) 92.8 (10.9) 
B2 122.6 (42.3) 95.5 (9.9) B2 112.3 (16.9) 81.6 (19.0) 
B3 119.6 (13.1) 97.8 (4.1) B3 82.2 (27.7) 98.9 (4.7) 
B4 91.9 (33.5) 100.0 (0.0) B4 122.7 (53.9) 67.6 (25.6) 
B5 129.9 (27.5) 95.8 (13.3) B5 111.5 (41.8) 98.1 (3.5) 

AVE 120.2 (37.4) 96.6 (10.9) AVE 118.3 (45.1) 87.6 (19.2) 
* The numbers in parentheses are standard deviations 

 
 
UF sander dust was also evaluated as the substitute for corncob at 50% and 100% levels. Table 
16 lists the shear testing results of plywood with UF sander dust under the vacuum-pressure 
condition. The average wood failure percentage was very high from 90% to 100% for all cases. 
The shear strength was not high, but was still in a reasonable range. Again the substitution level 
and the assembly time did not show significant effects on bond quality. 
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Superbond filler is also one currently used for PF glue mixes in the plywood industry. In this 
study, sander dust was evaluated in combination with a Superbond filler for the manufacturing 
of plywood. Therefore, corncob was substituted with 50% sander dust (MDI or UF sander dust) 
and 50% Superbond in the PF glue mix. The panels produced with these glue mixes were 
tested under the vacuum-pressure condition and the results are listed in Table 17. The average 
wood failure percentage was high for all panel series except for Panel A series with the MDI 
sander dust, which showed a wood failure percentage slightly lower than 80%. Corresponding 
to this lower wood failure percentage, the average shear strength of Panel A series with the MDI 
sander dust was higher than the average strength of the other panel series.  It was also found 
that the average shear strength for all panel series in Table 17 was generally high. 
 
 
Table 16 Shear testing results of plywood with UF sander dust under vacuum-pressure condition (the 
second group) 
 

Panel Strength  
(psi) 

Wood failure 
(%) Panel Strength  

(psi) Wood failure (%) 

50% sander dust, 50% corncob 100% sander dust 
A1 111.4 (33.9) 93.5 (12.3) A1 142.4 (48.9) 92.0 (8.8) 
A2 121.2 (58.8) 94.3 (8.2) A2 143.3 (63.6) 84.8 (15.4) 
A3 122.6 (36.1) 95.8 (15.8) A3 107.4 (28.6) 98.5 (2.4) 
A4 138.2 (58.0) 82.0 (19.3) A4 122.4 (30.2) 98.4 (4.1) 
A5 130.3 (19.0) 91.8 (8.5) A5 115.3 (16.7) 82.3 (25.3) 

AVE 125.9 (43.9) 91.4 (14.4) AVE 126.1 (42.8) 91.1 (15.3) 
B1 115.4 (67.4) 100.0 (0.0) B1 122.1 (39.9) 99.8 (1.1) 
B2 112.9 (35.1) 98.8 (3.9) B2 108.3 (29.1) 100.0 (0.0) 
B3 99.3 (33.2) 98.8 (5.6) B3 114.4 (48.5) 100.0 (0.0) 
B4 108.6 (26.1) 98.2 (5.6) B4 109.7 (31.1) 99.8 (1.1) 
B5 114.4 (41.6) 97.0 (6.4) B5 124.0 (59.4) 99.7 (1.2) 

AVE 108.1 (42.5) 98.6 (4.9) AVE 115.7 (42.5) 99.8 (0.9) 
* The numbers in parentheses are standard deviations 

 
 
In general the average wood failure percentage was higher than 80% for most control and 
experimental panels. A few of panel series showed average wood failure percentage slightly 
lower than 80%, but the corresponding shear strength was usually high. This was probably 
attributed to variation in veneer quality and surface characteristics. It was found that the longer 
assembly time (20 min for Panel B series) generally induced higher wood failure percentage 
than the short assembly time (5 min for Panel A series) for most panels no matter what 
extender/filler was used. 
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Table 17 Shear testing results of plywood with 50% sander dust and 50% Superbond fillers under 
vacuum-pressure condition (the second group) 
 

Panel Strength  
(psi) 

Wood failure 
(%) Panel Strength  

(psi) Wood failure (%) 

50% MDI sander dust, 50% Superbond 50% UF sander dust, 50% Superbond 
A1 175.3 (48.5) 80.3 (22.3) A1 147.1 (20.3) 97.2 (3.9) 
A2 167.4 (40.3) 84.4 (18.2) A2 161.6 (45.7) 77.2 (35.3) 
A3 155.5 (10.6) 91.2 (14.6) A3 157.1 (29.0) 86.4 (22.3) 
A4 173.6 (35.0) 75.0 (23.3) A4 129.8 (35.5) 99.2 (1.9) 
A5 182.5 (61.4) 61.8 (29.5) A5 170.5 (44.5) 91.8 (13.9) 

AVE 170.9 (42.6) 78.7 (23.8) AVE 153.2 (38.1) 90.3 (21.0) 
B1 141.9 (39.8) 92.1 (7.3) B1 147.4 (35.0) 88.4 (25.1) 
B2 131.6 (23.5) 97.5 (6.7) B2 159.9 (59.0) 96.2 (6.5) 
B3 128.9 (22.6) 99.4 (2.4) B3 144.6 (34.1) 98.4 (4.0) 
B4 157.0 (41.6) 95.6 (7.0) B4 151.2 (30.1) 97.1 (9.9) 
B5 184.6 (52.4) 88.2 (23.9) B5 161.4 (43.3) 97.2 (7.3) 

AVE 148.2 (42.1) 94.6 (12.3) AVE 152.3 (40.9) 95.5 (13.0) 
* The numbers in parentheses are standard deviations 

 
 
4.3.3 Viscosity of Glue Mixes 

The bond quality of the plywood panels was high enough to meet or exceed the standard’s 
requirements when different extenders/fillers were used as substitutes for corncob for plywood 
production. It was evident, however, that the alternative extenders/fillers affected the viscosity of 
glue mixes significantly. In this section, the viscosity and the stability of the glue mixes used in 
the plywood production are discussed. 
 
 
Table 18 Viscosity of glue mixes (the first group) 
 

Viscosity (mPa·s) 
Filler 

Fresh 24 h 5 d 
Corncob (Control) 4360 9500 12700 
MDI sander dust 6980 13000 12100 
UF sander dust 7600 15700 16300 

MPB bark 4300 5500 11200 
MPB wood 11100 16100 15000 
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Table 18 lists the viscosity of the glue mixes with different fillers used in the plywood production 
of the first group. The viscosity of the fresh glue mixes generally increased when corncob was 
substituted with the alternative fillers except MPB bark, for which the viscosity of glue mix was 
similar to the control. The viscosity increased more than 50% for the two types of sander dust, 
while the viscosity increased more than two times for MPB wood compared to the control. 
 
The viscosity increased about 100% for the control corncob and the two types of sander dust 
after the glue mixes were stored at the room temperature for 24 h, while the viscosity increased 
50% for MPB wood. It is seen, however, that the viscosity of glue mix with MPB bark increased 
only about 28% after the glue mix was stored at room temperature for 24 h, even though its 
initial viscosity was low. It was surprising that the viscosity of glue mixes did not increase any 
more for the sander dust and MPB wood after the glue mixes were stored at room temperature 
for five days, while the viscosity continued to increase for the control and MPB bark. 
 
Table 19 Viscosity of glue mixes (the second group) 
 

Viscosity (mPa·s) 
Filler 

Fresh 24 h 5 d 

Corncob (Control) 13900 19700 30200 
50% MDI sander dust, 50% 

corncob 21800 28000 29000 

100% MDI sander dust 19200 38000 43800 
50% UF sander dust, 50% 

corncob 20500 30000 36800 

100% UF sander dust 26500 54800 69000 
50% MDI sander dust, 50% 

Superbond 23800 24000 22800 

50% UF sander dust, 50% 
Superbond 18600 21500 21800 

 
 
The viscosity of a glue mix may vary with different glue mix formulations. Table 19 lists the 
viscosity of glue mixes that were used to produce the plywood panels of the second group. In 
this control glue mix formulation, more amount of wheat flour and less amount of corncob were 
used than in the first control glue mix formulation. The viscosity of control glue mix in this group 
was over 3 times higher than that in the first group. Again the viscosity increased by 30%-90% 
when corncob was substituted with sander dust or with sander dust and Superbond. There was 
no clear trend in viscosity versus the substitution levels, and no significant difference in viscosity 
was observed when 50% corncob was substituted with Superbond. 
 
The viscosity of glue mixes generally increased with storage time when the glue mixes were 
stored at the room temperature. Compared to the control, the experimental glue mixes showed 
similar increase in viscosity after the 24-h storage, but this increase became slower during the 
5-day storage. The glue mixes seemed to be more stable in viscosity when stored for 24 h and 
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5 days when corncob was substituted with 50% sander dust and 50% Superbond compared to 
the other glue mixes. 
 
Table 20 Effect of glue mixing process on viscosity of a glue mix (Corncob/MDI sander dust = 50/50) 
 

Viscosity (mPa·s) 
Process 

Fresh 24 h 5 d 
Small kitchen mixer  

(800-g glue mix) 21800 28000 29000 

Big glue mixer 
(5-kg glue mix) 6000 13800 17000 

 
The glue mixing process may also play an important role in affecting the viscosity of a glue mix 
since the target viscosity of the glue mix in the plywood industry is much lower than the viscosity 
obtained in the pilot plant for the same glue mix formulation. Table 20 lists the viscosity of glue 
mixes with the same formulation, but different processes. It is evident that the viscosity of the 
glue mix proceeded using a big glue mixer was about one-third as low as the viscosity of the 
glue mix proceeded using a small kitchen mixer. Correspondingly the viscosity of the 5-kg glue 
mix after different storage times was also much lower than the viscosity of the 800-g glue mix. 
 
The glue mixer in a plywood mill is much larger than that in the pilot plant. The mixing process is 
generally more effective and efficient in a larger glue mixer than in a small glue mixer. 
Therefore, the values of viscosity listed in this study will be dramatically reduced when the glue 
mixes with the same formulations are produced in a plywood mill. It should be noted, however, 
that the substitution of corncob with alternative extenders/fillers except MPB bark increased the 
viscosity of glue mixes. Also the glue mix formulation showed significant effect on viscosity. In 
the plywood mill production, the viscosity of glue mixes may need to be adjusted by varying the 
glue mix formulations for optimizing glue applicability when alternative extenders/fillers are used 
as substitutes for corncob. 
 
 

5 Conclusions and Recommendation 
Alternative extenders/fillers developed from MPB wood, including MDF sander dust, bark and 
wood powder, were successfully used as substitutes for corncob in the PF glue mixes for 
plywood manufacturing. The bonding performance of plywood panels produced with these glue 
mixes generally met or exceeded Canadian standard requirements for plywood products in 
terms of wood failure percentage under both vacuum-pressure and boil-dry-boil conditions.   
 
All alternative extenders/fillers, except MPB bark, increased the viscosity of the glue mixes 
when they were used as substitutes for corncob. This increase in viscosity may affect the 
application of glue mixes on plywood production lines, particularly for those resin applications 
that are sensitive to the viscosity of glue mixes. Therefore, the viscosity of glue mixes may need 
to be adjusted by varying the glue mix formulations for optimizing glue applicability when 
alternative extenders/fillers are used as substitutes for corncob. The viscosity of glue mixes also 
increased with increasing storage time, but the increasing rates in viscosity were comparable 
between the control and the experimental glue mixes. 
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MDF sander dust is the most promising alternative extender/filler that can be used for plywood 
manufacturing since it is a by-product that has little value resulting from MDF production. With 
little treatment, the sander dust can be applied in a PF glue mix to partially or fully substitute 
corncob, or to combine with Superbond as substitutes for corncob. This will dramatically reduce 
the costs of extenders/fillers and ensure a steady supply for those plywood mills that can easily 
gain access to this by-product. 
 
It is recommended that a mill trial be conducted to assess the economic benefits of using MDF 
sander dust as a substitute for corncob in PF glue mixes for plywood manufacturing. 
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