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NOTICE

This report is an internal Forintek Canada Corp. ("Forintek") document, for 
release only by permission of Forintek. This distribution does not 
constitute publication. The report is not to be copied for, or circulated 
to, persons or parties other than those agreed to by Forintek. Also, this 
report is not to be cited, in whole or in part, unless prior permission is 
secured from Forintek.

Neither Forintek, nor its members, nor any other persons acting on its 
behalf, make any warranty, express or implied, or assume any legal 
responsibility or liability for the completeness of any information, 
apparatus, product or process disclosed, or represent that the use of the 
disclosed information would not infringe upon privately owned rights. Any 
reference in this report to any specific commercial product, process or 
service by tradename, trademark, manufacturer or otherwise does not 
necessarily constitute or imply its endorsement by Forintek or any of its 
members.



SUMMARY

Aspen logs were waferized at a mill in the fresh condition and after 4 months 
storage to show the effect of storage on waferizing fines. The effect of 
fines content in waferboard was demonstrated on laboratory test panels made 
with varying fines content.

The storage of logs caused a significant loss of bark and drying of the log 
surfaces. As a result, the fines content in the furnish increased from under 
10 percent to over 20 percent. Laboratory test panels showed that the 
addition of fines to waferboard reduced the average strength properties, 
although the additions had to be substantial before significant effects were 
detected on internal bond and panel stiffness. The size and type of fines 
were also factors. Effects were less serious when fines were limited to the 
core of a 3-layer panel. Fines had no discernable effect on thickness 
swelling.

The fines content in commercial waferboard can vary for several reasons and 
therefore it is appropriate for mills to include a measure of fines content 
in any investigation of declining or inconsistent waferboard properties.
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1.0 OBJECTIVES
To determine the difference in amount of fines produced on waferizing 
fresh aspen logs and logs stored for four months.

To show how fines content and size of fines in waferboard affect board 
properties.

2.0 mraaxjcncN

Many process variables affect the quality of waferboard. Variables such as 
resin content and pressing conditions, are fully controllable, whereas those 
associated with wafer quality are subject to variation, depending on the 
condition of the logs and waferizer knives. Older logs (up to 6 months) 
could be alternated with relatively fresh logs, with the result that wafers 
are produced from raw material of two distinct moisture levels. Logs with a 
higher and more uniform moisture content will not waferize the same way as 
logs with a partially dried shell and lower average moisture content.

It is expected that the drier material would result in a higher portion of 
narrow wafers and an increase in the amount of fines. The wafers also may 
have a rougher surface but this should not have any adverse effects on board 
properties (Pfaff, 1989).

The effects of flake (wafer) geometry on the physical and mechanical 
properties of flakeboard have been investigated by several researchers and 
are summarized by Kelly, 1977. Thinner flakes improve the bending and 
thickness swelling properties, whereas short thick flakes tend to favour 
internal bond strength. These findings are based on boards made with 
reasonably homogeneous flakes and do not consider the effects of a mixed 
flake geometry. The production of excessive amounts of slivers and fines is 
not uncommon and could be a major factor in poor board quality. Variables 
that contribute to the production of fines include:

. Log moisture content 

. Amount of decay 

. Wood temperature (winter)

. Type of flaker or waferizer 

. Sharpness of knives
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3.0 STMT

4 . 0  EXPERIM ENTAL

4.1 MILL SITE

A  truck-load of freshly-felled aspen logs (3.6 m) was delivered to a 
waferboard plant in mid-June and piled for storage until mid-October. 
Several logs in the pile were identified and sampled for moisture content 
(MS) by extracting 12 mm diameter increment borings from the heartwood and 
sapwood. Logs selected included butt logs, intermediate logs and upper logs 
with small-end diameters of 10 to 15 cm.

Two lift-loads of the fresh logs were waferized immediately on a Pallman ring 
flaker with a freshly sharpened set of knives. The logs were not debarked 
since there was no practical way of keeping track of debarked logs in the log 
ponds. The study logs were only hosed down to remove any sand and dirt. 
Target wafer size was 4.7 cm (1.875 inch) long, 0.76 mm (0.030 inch) thick, 
by randan width.

At the outfeed conveyor five saitple bags of wafers were randomly collected 
and weighed (approximately 2.5 kg) for subsequent oven-drying and moisture 
content determination. An additional 40 kg of wafers were bagged for quality 
analysis in the laboratory.

By mid-October the log surfaces were too dry to obtain increment borings for 
M3. Much of the bark had sloughed off, leaving a greyish weathered surface. 
This grey weathered surface made it possible to pick out wafers with a 
weathered edge, and obtain a M3 sample from the outermost portion (2.5 cm) of 
the logs. Random samples were also collected for determination of average 
M3.

Stored logs were waferized under two conditions —  with newly sharpened 
knives and with knives nearing the end of their operating period. 
Approximately 40 kg of wafers corresponding to each knife condition were 
obtained for laboratory analysis.
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4.2 LABORATORY

The 40 kg samples of wafers obtained at the mill were air-dried for one week 
and then reduced to 3 to 4 percent MO in a drum dryer at 75°C. Dry wafers 
were screened on a No. 4 mesh screen for 10 minutes at equal screen loadings 
to determine the percentage of fines. Wafer thickness variation (200 wafers) 
and width distribution (500 g) were determined on samples of screened 
furnish.

Most wafers and fines used for the fabrication of test panels were produced 
in the laboratory by waferizing fresh, debarked aspen logs on a CAE 6/36 
disc-type waferizer. The wafers were 0.70 ran x 40 nra x random width and the 
fines were screened into three size classifications. One test series was 
made with industrial, mill-dried wafers and fines (0.75 mm x 76 mm x random 
width wafers) . The screening fractions for all fines were as follows:

A - Smaller than No. 4 mesh and larger than No. 8 mesh. Straw-like 
(3 to 4 mm wide, 20 to 40 mm long) .

B - Smaller than No. 8 mesh and larger than No. 16 mesh.
1) Toothpick-like (1 to 2 mm wide, 20 to 40 mm long)
2) Particle-like (1 to 2 mm wide, 5 to 10 mm long)

C - Smaller than No. 16 mesh and larger than No. 20 mesh. Sliver
like (< 1 mm wide, 5 to 10 mm long) .

The screened fines were recombined as board-making furnish in ratios of 
65/12.5/12.5/10 for A/B-1/B-2/C. Subsequently, however, one panel type was 
made with a 45/45/10 ratio for B-1/B-2/C to test for the effect of small 
fines. The recombined fines were added to the wafers before blending with 
wax and resin. The C-type fines were kept low because they are not produced 
in great quantity and because mills are able to expel most of these fines 
through the dust collector cyclones.

Four panel types were used to assess the effect of fines content on panel 
properties. The panel characteristics and process variables were as follows:

. Wafers/fines 

. Mat MC 

. Resin type 

. Resin content 

. Wax

. Press temperature 

. Press time 

. Panel density 

. Panel size

as shown in Table 3
3 to 4 percent
powdered phenol-formaldehyde
1.5 or 2.0 percent
1.5 percent slack 
210°C
4 minutes (including 45 sec. closing) 
640 kg/m3 (oven dry weight basis)
460 x 460 x 11.1 mm
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Panels were made in triplicate, conditioned and cut into test specimens for 
bending, internal bond and thickness swelling as per the CAN3-0437.1 M-85 
Standard (Waferboard and Strandboard) . All specimens were weighed and 
measured to determine specimen density.

5.0 RESULTS AND DISCUSSION

5.1 LOG STORAGE EFFECTS

The MO of freshly cut logs as determined from increment borings ranged from 
82 to 121 percent (Table 1) . The corresponding MC of the wafers, based on 
random sampling was between 96 and 101 percent. After 4-months of storage 
(June-October) the average MO of wafers was in the range of 70 to 90 percent. 
Wafers from the outer portion of logs, to a depth of about 25 mm were 
approximately 46 percent MO.

Wafers produced from fresh logs were brighter, larger and much closer to 
target thickness than those produced from stored logs (Table 2) . The 
coefficient of variation on mean thickness was approximately double for 
wafers from stored logs.

The drier, stored logs yielded a much larger amount of fines and visibly 
narrower wafers. With sharp knives the fines from fresh logs, including 
bark, were about 8 percent by weight compared to 20 percent for stored logs. 
With dull knives the fines from stored logs increased to 28 percent. The 
sharp increase in fines from stored logs would have been even greater if the 
stored logs had not lost a substantial quantity of bark. Virtually all bark 
was reduced to fines in the waferizing and drying process.

5.2 PROPERTIES OF TEST PANELS

5.2.1 Modulus of Elasticity

The dry bending properties of test panels are shown in Table 3. The average 
values for modulus of elasticity (MOE) were reduced by the addition of fines, 
although, with the exception of boards made of industrial wafers, the effect 
of adding up to 25 percent fines was statistically insignificant when fines 
included the coarser A  fraction. When addition was restricted to the finer B 
and C fractions (2% resin only) the MOE for 25 percent fines content was 
significantly lower and less on average than the MOE obtained with a 50 
percent addition of all fines (A, B and C fractions). At 25 percent fines 
content the panels made with industrial wafers had a substantially lower MOE.
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TABLE 1

Average Moisture Content of Aspen Logs and Wafers

Increment Borer Plugs Wafers 1
Sample Butt Mid Top Random from Log
Type end Length end Wafers Surface

(Mill Logs) (%) (%) (%) (%) (%)

Fresh (low) 82 81 72 96
tree-length
logs

(high) 121 104 95 101

Stored 2 (low) — — 72 44
tree-length
logs

(high) 91 47

1 Wafers with one edge greyed or weathered (MC from surface to about 25 mm depth) .
Logs stored in yard for 4 months (June-October) •

TABLE 2

Waferizing Fines and Wafer Thickness

Fines Produced1 Wafer Thickness
Sairple Sharp Used Sharp Used
Type Knives Knives Knives Knives

(Mill Logs) (%) (%) mm (CV%) mm (CV%)

Fresh
tree-length
logs

8 - 0.74 (13) -

Stored 2 20 28 0.93 (25) 0.89 (27)
tree-length
logs

1 Waferized with bark.
2 Logs stored in yard for 4 months (June-October) .
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TABLE 3

Effect of Fines Content on the Dry Bending 
Properties of Laboratory Waferboard

Panel
Type Fines Added 

(%)

Mean
Specimen
Density
(kg/m3)

Modulus of 
Elasticity1 
Mean CV 
(MPa) (%)

Modulus of 
Rupture3 

Mean CV 
(MPa) (%)

. Fines in 
Face and Core 0 657 3977a 10.4 24.5a 13.3

. 2% Resin 15 656 3847ab 11.1 22.7^ 8.2

. Laboratory 25 654 3781"* 6.9 22.2^ 10.8
Wafers 50 653 3605* 8.2 21.6b 9.4

252 659 3453c 5.5 20.5b 7.4

. Fines in 
Face and Core 

. 2% Resin 

. Industrial 
Wafers

0
15
25

668
666
667

4486"
4400a
3964b

8.4
15.2
7.2

28.3a 
24.9b 
22.3b

15.7
7.0
9.4

. Fines in 0 657 3 9 1 T 10.4 24.5a 13.3
Core3 5 (8.3) 656 3876" 11.6 21.7^ 15.4

. 2% Resin 15 (25.0) 651 3806" 6.3 22.5^ 13.8

. Laboratory 
Wafers

25 (41.6) 657 3 1  I T 4.9 22. lb 5.2

. Fines in 
Face and Core 0 658 4054a 10.4 24.6" 7.4

. 1.5% Resin 15 662 3774a 10.1 21.5b 5.2

. Laboratory 25 661 3761a 11.8 21.4b 13.1
Wafers

1 Means within a panel type are not significantly different if the same letter is 
contained in the superscript (a = 0.10).

2 Excludes fines retained on No. 8 mesh screen (coarse fraction). All other 
additions are a combination of fines from No. 8, No. 16 and No. 20 mesh screens.

3 Values in parentheses are fines expressed as percent of core layer only.
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Average specimen densities show that density was fairly consistent and 
therefore the mean property values were directly comparable without the 
necessity of adjustment. Generally, more dense specimens are stiffer and 
stronger but over a narrow range the relationships between density and 
mechanical properties are very poor and inappropriate for adjustment.

5.2.2 Modulus of Rupture

Although the addition of fines, as indicated in Table 3, resulted in lower 
average modulus of rupture (MOR), the decrease at 15 percent fines content 
was statistically significant only for boards made of industrial wafers or 
with 1.5 percent resin. Panels made of laboratory wafers and 2 percent resin 
were able to tolerate more fines. As with MOE, the lowest average MOR 
resulted from the addition of 25 percent B and C type fines. This mean was 
not significantly lower than that obtained with a 50 percent addition of all 
fines (A, B and C fraction), however it does suggest that the coarse, A-type 
fines had a relatively small effect on bending properties.

The mean MOR and MOE were higher for boards made with industrial wafers but 
this was to be expected since longer wafers are known to improve bending 
properties.

5.2.3 Internal Bond Strength

The effect of fines on internal bond (IB) was not consistent (Table 4) . The 
addition of fines to the smooth and more uniform laboratory wafers resulted 
in a gradual reduction of IB. However, these decreases were significant only 
at fines additions of 25 and 50 percent, for resin levels of 1.5 and 2.0 
percent, respectively. Fines mixed with industrial wafers resulted in slight 
increases in average IB, but the differences were not statistically 
significant. No explanation is apparent.

The results show that the addition of some fines to the core was beneficial. 
In moderate amount (5 and 15 percent) the fines in the core resulted in a 
higher average IB, whereas the same quantity of fines mixed throughout (face 
and core) reduced the average IB. A higher core density was probably the 
reason for the improved IB. The fines offered less resistance to the initial 
rate of conpaction under heat and pressure, and therefore densification of 
the panel faces was delayed sufficiently to allow for greater densification 
of the core. Core densities established on broken bending specimens for 15 
percent fines addition gave an average of 607 kg/m3 with fines in the core 
and 566 kg/m3 with fines throughout (core taken at 1/3 of panel thickness). 
At 25 percent fines the benefit of a higher core density was not enough to 
offset the effects of the large increase in surface area and number of 
particles to be bonded.
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TABLE 4

Effect of Fines Content on the Internal Bond Strength 
and Thickness Swelling of Laboratory Waferboard

Panel
Type Fines Added1 

(%)

Internal Bond1
Mean
Density Mean 
(kg/m3) (kPa)

CV
(%)

Thickness
Swell

24 hr. Soak 
(%)

. Fines in
Face and Core 0 655 407a 7.6 12.9

. 2% Resin 15 658 382^ 7.7 13.6

. Laboratory 25 655 381^ 6.7 13.2
Wafers 50 655 373b 6.6 14.0

252 656 368b 15.3 14.1

. Fines in 
Face and Core 0 656 418a 9.4 14.6

. 2% Resin 15 655 438a 11.3 14.8

. Industrial 25 658 425a 9.3 16.5
Wafers •

. Fines in 0 655 407a 7.6 14.5
Core3 5 (8.3) 656 438b 12.5 15.0

. 2% Resin 15 (25.0) 653 415^ 9.1 16.8

. Laboratory 
Wafer

25 (41.6) 654 376e 12.4 15.3

. Fines in
Face and Core 0 656 367a 8.6 18.7

. 1.5% Resin 15 655 346^ 9.4 16.9

. Laboratory 
Wafers

25 655 332b 7.2 20.1

1 Means within a panel type are not significantly different if the same letter is 
contained in the superscript (a = 0.10).
Excludes fines retained on No. 8 mesh screen (coarse fraction). All other 
additions are a combination of fines from No. 8, No. 16 and No. 20 mesh screens.
Values in parentheses are fines expressed as percent of core layer only.
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5.2.4 Thickness Swelling

The results of the 24 hour soak test are shown in Table 4. The addition of 
fines produced minor differences in average thickness swelling and no 
consistent trend with respect to the addition of fines. At 2 percent resin 
content thickness swelling ranged from 12.9 to 16.8 percent. Swelling at 1.5 
percent resin content was slightly greater. Fines could be perceived as 
making the panel more porous but fines also serve as gap-fillers that are 
able to seal larger openings that otherwise would allow water to penetrate 
more rapidly. These off-setting effects may result in relatively unchanged 
thickness swelling properties.

6.0 OCNCUJSICNS

The storage of aspen logs over the summer months results in sufficient drying 
and other undefined deterioration to significantly reduce the yield of wafers 
in waferboard/strandboard production. The amount of fines generated by 
waferizers could more than double depending on the degree of deterioration.

Increasing fines in waferboard furnish results in a progressive reduction of 
average strength properties, but the additions must be substantial before 
effects are significant. The size and shape of the fines will also be a 
determining factor. The larger, straw-like fines are not as detrimental as 
slivers and particles.

Board properties are least affected when excess fines are confined to the 
core of a layered waferboard. Internal bond may be improved with the 
addition of some fines to the core, although at some point the bond will 
weaken if the fines content is excessive.

The thickness swelling from 24 hour soak tests is not seriously affected by 
the addition of fines to waferboard within limits that might be encountered 
industrially.

7.0 RECOMMENDATIONS

Mills that encounter unexplained and seasonal variation in the strength 
properties of their waferboard/strandboard should examine the fines content 
of their furnish, as one possible explanation of such variation.

If the fines content is unusually high at the time of reduced panel 
properties, then the mill can be reasonably sure that additional or improved 
screening will improve the situation, although fines may not be the only 
cause of the problems.
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Excessive fines result from waferizing of old logs with dried surfaces. 
Therefore it is important that mills control log inventory consistently on a 
"first in - first out" basis.
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