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ABSTRACT
- 

~~
‘ Forest residues consist of wood sections

which vary in size and shape. A convenience
when processing forest residues as raw ma-
te~~ for flakebo ards is to reduce the material
to finger lings --wood pieces 2 to 3 inches in
length and 3/4 to 1 inch in cross-sectional area
In this study. West Coast forest residues of
Douglas-fir and western hemlock were made
first into fingerlings and then ;ntO flakes
Homogeneou s flakeboards using ring flakes
made from the fingerlings were evaluated for
bending strength (MOR) and stiffness ~MOEi
both before and after a ce lerated aging
Strength values of f ingerl ing-r ing-f lake panels
were compared to the va lues for d isk- f la ke
panels , bec ause disk flakes a r ’  more common-
ly used for structural flakebo ards The finger-
ling-ring-flake panels were 14 percent lower in
initial MOP than disk flake panels, and 15 5
percent lower in MOE Thus it appears diff icult
to produce a rand om three-layer panel from
frnger ling ring flakes that is as strong as one
fr om conventional disk f lakes.~~
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INTRODUCTION

The wood which comprises forest residue The two types of machine commercially
var ies widely in shape, size , and amount of used for producing quality flakeboard furnish
contaminants such as grit and stones. To use are disk-llakers and ring-If akers. Recent
forest residue as a raw material in man ufac- estimates (4) are available of the properties of
ture, some method is needed of reducing the homogeneous flakeboards using flakes from
residue to wood pieces of a homogeneous size disk- and ring-flakers. In comparing the ring-
and shape. One such method is conversion of flake to the disk-flake panels, the ring-flake
the residue into fingerlings --wood pieces panels were: (1) about 12 percent lower in
approximate ly 2 to3inchesin lengthand 3/4to bending stiffness (MOE); (2) equivalent in
1 inch in cross-sectional area. Fingerlings can bending strength (MOP) before aging tests ,
be more easily handled, transported , and but 25 percent lower after aging tests; (3) con-
cleaned than forest residue itself . This paper sistently lower in internal bond strength before
discusses aspects of processing forest residue and after aging tests; (4) equivalent in linear
into fingerlings and the subsequent process- expansion and thickness swell.
ing of fingerlings into f lakeboards. Flake- It is known that a three-layer phenolic
boards are then evaluated for strength proper- flakeboard employing disk flakes on the
ties both before and after accelerated aging. surface and ring particles in the core should

Fingerlings must be at least 2 to 3 inches in perform well as a structural sheathing for
length parallel to the grain so that further re- housing (

~
). Can a board with similar proper-

duction at the particleboard plant can produce ties be fabricated using ring flakes from finger-
flakes having the nominal 2-inch length lings throughout?
recommended for structural particleboard
production (4,6)~. Only a ring f laker presently
converts chips to flakes adequately. To pre-
pare the flakes in a ring flaker , the fingerling
should be at least 3/4 to 1 square inch in cross
section. In early work , fingerlings were pro- ,~The Forest Products Laboratory is maintained at
duced by hand splitting, but a modified drum Madison , Wis , in cooperation with the Universit y of

chipper is now available for evaluation of Wiscons in

“closer to industrial” high volume production ~Underlined numbers in parentheses referto literature
of such intermediate material (fig. 1). cited et end of this report .
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Figure 1 - -Preparing fingerlings with a drum chipper.
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- .

FABR ICATION ~ F
TEST BOARD

Raw Mater I~= Sampling Ana iv .~~
W est Coast forest residues , consisting o~ Tne nurnr~ ’ o~ nOe~ endent spec mens

Douglas-fir and western hemlock , were marie reriuired to detect d ifferences between given
first into fingerling s and then into f lakebo~. pr operties can be calculated if va r iability in the
furnish. The residues were divided into tw ~ propert y is known. The coefficients o varia-
groups according to species and log si~’e t ion of physica bropertie s for the board to be
(fig. 2): Larger logs (30-in, diameter) were oroduced can be estimated at 10 percent fo r
Douglas-fir; smaller logs (6-to lO-in .diameter , MOP , 8 percenl for MOE. and 10 percent for
were 58 percent Douglas-fir and 42 percent internal Dor .
w estern hemlock by weight. The larger logs With t ns  intormatton , 18 independent
were debarked; the smaller retained their bark , specimens are required per treatment to detect
These groups of material were separately a significant difference in treatment of 1C;
processed. percent ( .t5 pci with 90 percent confidence

4 .,. -
,

A ~~~~~

Figure 2 --Forest residues for test panels: (A) large debarked logs (30-in, diameter) or tJoUgI~s-i,i ,
(B) small barky logs (6- to 10-in, diameter) of Douglas-fir and western hemlock.

(M 144 373)
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(4). Enough panels were prepared (table 1) to Panel Fabricationobtain at least 18 specimens per panel type so
as to detect this difference. All panels were 1/2 The hand-felled boards were pressed in a
inch thick by 24 inches wide by 28 inches long, hydraulic hot press for 10 minutes. Press
with a nominal 40-pound-per-cubic-foot closure time was 1 minute , and th e press
density. temperature was 400° F. On remov al from the

pr ess , the panels were allowed to Cool at room
Furnish Preparation temperature with both faces exøosed.

Fingerlings were reduced in a ring f lakerto Six panels were prepared with ring flakes
0.02-inch-thick by 2-inch-long flakes and were fr om hand-split fingerlings. Of these , thr ee
dried to 5 percent moisture content. Disk were prepar ed from the large logs with no
fl akes were prepared with 2-1/2-inch-wide by bark and three fr omthesma ll logshavingbark.
2-1/2-inch-thick slabs to form 0.02-inch-thick Seven panels were prepared with ring
fl akes Disk flake width was reduced in a fl akes from drum chipper fingerlings. The
hammermill having no screen to approximate fingerlings for four panels were made from the
the fl ake width produced in the ring f laker. large deb a rk ed log s, and for three panels from

Aft er drying, all flakes were screened the small logs with bark. Due to the construc-
over a 1/32-inch mesh screen Both the fine ti on of the drum chipper , so me fingerling s
and coarse fr actions were weighed Only the wer e ejected beneath the chipper. The finger-
coarse fraction was used to fabricate panels. lings ejected w ere longer than those which
The percentage of fines after screening is emerged from the fr ont chute (fig. 3). Two of
presented in table 1. The amount of fines for the seven chipp er-fin g erling panels w ere
the residue material is very high in comparison prepared of ejected fingerlings to explore the
to flaked , sound, Douglas-fir residue reported effect of this size difference on panel prop-
previously (7). Disk-flaked fines passing a erties-- one panel was from large logs and a
1/16-inch mesh comprise a7proximate ly 2.0 second panel from small logs. The remaining
percent of such mat erial , and ring-flak ed fines five panels were prepared with fingerlings
approximately 12 to 14 percent. The residue which emerged normally from the front chute
reduced here was , therefore , clearly high in of the drum chipper.
decayed wood and bark. Five panel s wer e prepar ed w ith fl akes

A mixture of 3 percent phenol formalde- produced on the disk f laker. Of these panels ,
hyde resin 3 and 1 per cent wax emulsion 3 was three were prepared from the large debarked
uniformly sprayed on the flakes as they logs and tw o from the small barky logs.
tumbled in a drum blender. After spraying, the _______________________________________

furnish was at 10 percent moisture content. 3Based on ovendry weight of wood

Table 1 --Flake materials for specimen panels: Origin . reduction , and screen analysis

Form of material Processing Source of Number of panel Percent of flaked material
method material replicates passed through

1/32-inch screen 
t - _ — ——  — -

~~~
.
~

— —  ______ ____________ _______ ________ -

Hand-split Ping flaker Large logs 1 3 32
fingerlings Small logs 2 3 32

Chipper fingerlings Ring flaker Large logs 1 3 39
(front chute) Small logs2 2 30

Chipper fingerlings Ring flaker Large logs 1 1 45
(elected) Small logs2 1 34

Log sections Disk f laker Large logs 1 3 21
Small logs2 2 21

Total 18

‘ Douglas-fir only. 30-in diameter , bark ri’,’~~~vi~rl 
- -. — _ - . -

~Do uQias-fI r 158 pct i and w4’sn’ r~’ hemlock Ii,’ pit )  ~~‘ 10 in l’ameter , hark i’ t removed
Finqi’rl ngs qPn Pra) )y  lOnqer th~i’ I th ,~ si ’ r~’ n v i ’ d  f ro m lmnnt I
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Figure 3 — -  Drum chipper fingerlings whi ch ‘ i. ’ ” . ’ ‘ ~‘ ‘ ‘ ‘ rn t i  nt r i tj f i ’ At  are smaller than
fingerlings elected hen.’ath drum iBi
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PA NEL EVALUATI ON

Panels were evaluated for static bending bond measurements being averaged). In the
and internal bond both before and after ex- dimensional stability tests , the variables were
posure to accelerated aging according to linear expansion and thickness swell.
ASTM standard (1). The dimensional stability Analysis of covariance was used because
of specimens from ovendry to vacuum- of the strong correlation between the meas-
pressure-soak (~

) condition was determined ured variables and specific gravity. The an-
also. 

, alysis of covariance procedure (1_Q) compares
After the static bending tests , internal the adjusted treatment means shown in table

bond specimens were taken from each end of A3 (appendix). The adjustment is to a common
each broken bending specimen half . level of the covariate specific gravity, and was

Average properties ofthethreefiakeboard made to eliminate the effect that specific
types , tested under standard conditions and gravity has on the other variables , thereby
subjected to accelerated aging, are pre- giving a better indication of how the treatments
sented in tables Al and A2 in the appendix. affect these variables.

The statistical significance of differences Paired comparisons were made acrossthe
between fl ake-type processing and , raw two residue size classes and across the three
mater ial used was determined by using a ‘ ake types employing the simultaneous test
multivari ate analysis of covariance technique Lomp arison technique (3) and a 95 percent
.8). A multiv ariate analysis was used because evel of confidence. The significance statistics
more than one var iable was being measured 

~or th ese comparisons are included in ap-
for each specimen. Analysis of these variables pendix table A3 . A significant interaction
j ointly provided more information about the between residue size and flake type was found.processing effects than if variables werd Table 2 contains underlineä paired corn-
analyzed singly (univariate analysiS) . In th e oar i sons of flake-type panel properties for
static bending tests , th ese variables were each residue source where averages were not
MOP . MOE, and internal bond (two internal SIgnif icant ly different
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DISCUSSION

Panels produced from ring flakes derived Static Bending After Accelerated
from chipper-ejected fingerlings (oversize) ging
were consistently lower in strength , stiffness , Each board type showed a Significant
and internal bond than those from normal-size difference in static bending values after ac-
chipper fingerlings (table A2). This was true celerated aging. The adjusted mean value of
both before and after accelerated aging. MOP after accelerated aging was reduced

Other comparisons between panel flake 20 to 28 percent , and that of MOE 7 to 31
types follow as derived from tables 2 and A3. percent. The MOP and MOE levels were con-

sistently less for chipper ring-flake panels as
compared to disk-flake panels , and were

Initial Static Bending st atistically significant for all but the large raw

met 
both the large arid srn&l re~~due~ 

matetlal source for MOR. 
~~~~~~~

multivariate st atistical anal ysis to make a

~~~~~~~~~~~~~~~~~~~ 
panel strength prop~ Linear Expansion and Thickness Swell

decre ased from hanmermi lled disk f lakes to Linear expansion was not significantl y
hand~sp lit fingerlin~i-ring ‘Likes to m, a lf led  affected by the method of producing the
•Jrum chipper f i ngerling~ring llakes. The re- flakes. Uncorrected or unadjusted linear
.iuction in mean va lues of MOP and MOE expansion after OD-VPS ranged from 0.19 to
~specific grav Ity correct ed\ a (\T chipper ring- 0.36 percent.
flake panels was 14 percent as compared to Thickness swell from ovendry to vacuum-
15.5 percent for disk - flake panels. The internal pr essure-soak (OD-VPS) showed little sensi-
bond levels for these boards were not sign fi- t ivity to method of producing the flake. The
cantly different. magnitude diff erences were small (2 to 7 pci).

Disk-flake flakeboards derived from small
barky logs , however , showed a definite in-
crease in thickness swell over flakeboards
fr om the debarked large logs.

SUMMARY AND
CONCLUSIONS

Disk flakes provide consistently better aging were consistently more than 50 percent
bending strength and stiffness than fingerling- of the initial values for chipper ring-flake
ring flakes in homogeneous 3 percent phenolic panels only.
flakeboard Reductions in initial MOR of 14 Production of a random three-layer panel
percent and MOE of 15.5 percent resulted equivalent in bending strength and stiffness to
when modified drum chipper fingerling-ring that employing disk-flake surfaces appears
flak es were employed instead of hammer- difficult (at equal panel weights). This might be
mill ed disk flakes After the ovendry to accomplished , however , with further segrega-
vacuum-pressure- soak treatment, the MOP tion of ring flakes from fingerlings into higher
and MOE values for all flake-type panels were and lower quality fractions , and placement of
considerably more than 50 percent of unaged the higher quality fraction in the surface layers
values. Internal bond values after accelerated of panels.

7

I 

-- --- -
~~~~~- -‘-‘ ..-~~~~~~~~~--~~~~~-~~~- .



LITERATURE CITED

1. American Society for Testing and Materi als
1964. Evaluating the properties of wood-base

fiber and particle panel materials. ASTM
Desig. D 1037-64. Philadelphia , Pa.

2. Cochran , W. G. and G. M. Cox
1950. Experiment al designs. John Wiley &

Sons.
3. Gabriei , ,(. P.
1968. Simultan eous test procedures in multi-

variate analysis of variance. Biometrika
55 (3) :489.

4. Geimer , P. L., W. F. Lehmann , and J. D.
McNatt

1974. Engineering properties of structural
particleboards from forest residues. 8th
W SU Particleboard Symp.. Wash. State
Univ.. Pullman . Wash.

5, Heebink . B. G.
1967. A procedure for quickly evaluating

dimensional stab il i ty of particleboard
For . Prod. J. 17(9):77-80

6 Heebink . B. G and P. M F Dominick
1971. Forest residues: Future source of

particleboard? Wood and Wood Prod.
76(1 1):26-28.

7. Lehmann , W. F. and R L. Geimer
1974. Properties of structural particleboards

from Douglas-fir forest residues For .
Prod J. 24(10)17-2 1.

8 Morrison . D F
1967. M u l t i v a r i a t e  s t a t i s t i c a l  me thods

McGraw-Hill . New York . N.Y.
9. Ramaker , T. J and W. F. Lehmann
1976. High-perform ance structura l  f lake-

boards from Doug las-f i r and lodgepole
pine forest residueS . USDA For Serv. Res.
Pap FPL 286 For Prod Lab , Madison ,
Wis

10. Steel , R. G. and J. H Torrie
1960. Principles and procedures of stat ist ics

McGraw-Hill . New York , N.Y.

8

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - -- .~~~~ 7 - .  . , ~~~~~-‘. . -



. ,

APPENDIX

Table Al --A ~eraqi’ properties ~f oontro l panels from three fl aking processes before
accelerated aging ’

Stati c bendingNumber Log Bark Th ic k ness  Specific Internal ._  .. ~~~~~~~~~~~ -

of size gravi ty bond Modulus of Modulus of
panels rupture elasticity

In . In. Lb/in.~ Lb/in.2 1,000
lb/in, ?

HAND-SPLIT FING ERLINGS
3 30 No 0.518 0.59 41.5 2,710 487
3 6-10 Yes .517 .59 49.4 3.030 441

DRUM CHIPPER FINGERLINGS
30 No .515 .59 47,1 2.010 384
6-10 Yes .521 60 49.5 2.610 389

43 30 No .512 .60 50,7 2.500 442
6-10 Yes 519 .59 574 3. 110 434

DISK FLAKER
3 30 No 52.) .60 44.9 2.750 504
2 6-10 Yes .528 59 58.5 3.340 487

‘Number of specimens per panei Static bendIng, 6. , r r ’t ’ r ’ i O )  nCIiri 12
“Specific gravity based .,n ovendry weight and d ,rI1e ,”s ’3”o ii 65 pct 1” ILiI I c i ’  7 r , , t t ” , (1,~~
‘Eiected materiai deposited beneath drum chipper
4Mater iai emerging normait y from chipper chute
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