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ABSTRACT

~~~ Properties and characteristics are review-
ed for part ic leboards prepared from
hardwood residues of a number of species. In
general, hardwood particleboards met or ex-
ceeded the minimum properties defined in
Commercial Standard CS 236 for both Type 1
(interior) and Type 2 (exterior) applications.
However , certain anomalies in the data
suggest need for further research In the areas
of wood-adhesive interactIons , particularly
with the higher density hardwoods . An appen-
dix of research references Is Included for
hardwood usage in composite panel products
other than particieboard . ~

_ _ _  _ _ _ _ _  Al l
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INTRODUCTION than species Included flake thickness and pan-
el density. The report supplied additional in-

Softwoods have generally been preferred formation on panels made from other flake
to hardwoods as raw material for particleboard and particle types. Panel production variables
since the manufacture of this product began. were similar to those which follow for stan-
However , hardwoods have also been used as dard” U.S. Forest Products Laboratory (FPL)
particleboard furnish. Now , with shortages of particleboards , except for minor changes to
softwood residues threatening, hardwood adapt to hardwood processing conditions:
residues are likely to find increasing use in
particleboard manufacture. Particle type and size: Flakes , 0.015 by

This paper reviews recent research , 1 inch by random
published and unpublished, in the area of Panel size: Rough— 1/2 by 24 by 28
hardwood particleboards. Levels of perfor- inches
mance attained to date are illustrated. Also , Trimmed i/2 by 22 by 26
research areas are indicated which demand inches
further study to attain eff icient use of Density: 40 pounds oer cubic foot
hardwood residues in particleboard panels. (lb/ft3)

Only the use of hardwood in par- Resin solids content: 6 percent (based
ticleboards is discussed in this report. on ovendry weight of wood)
However , an appendix gives references to Resin: 65 percent solids liquid urea-
hardwood usage in fiber-base composite pan- formaldehyde (UF) or 44
els, such as in hardboard and insulation percent solids liquid phenol-
board. formaldehyde (PF)

Catalyst: None
Wax: 1 percent wax emulsion (solidsINTERIOR -TYPE U R E A - basis (PF boards only))F O R M A L D E H Y D E  (UF)  Mat moisture content: 10 percentBONDED PARTICLEBOARDS (ovendry basis)

The proper t ies  of homogeneous 1/ A version of this paper was presented at the Utili zation
flakeboards from four hardwoods—basswood , — of Hardwood Residues Symposium . Champaign . ill .
yellow-poplar , red oak , and hickory—were ex- October 17 . 1975.
plored in one recent study (4) .~! Flake raw .~! 

Maintained at Madison . Wis ., in cooperation with the
material was obtained from cr oss-grain knife- University Of Wisconsin.

3/ Numbers in parentheses refer to Literature Cited atplaning of panel corestock. Variables other — the end of this report
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Press cycle: UF—5 minutes at 325° F, higher panel density to attain a given perfor-
PF—-1O minutes at 350° F mance level.

Press closing time: 1 minute to thickness Table 2 indicates property levels attained
with UF-bonded part ic ’eboards produced ~~thAlt tests were performed fo l l ow ing procedur es Ia r , oJs  h~ r Owood rC s.gu~~ The dat a are ?rr , rn

outlined in ASTM D-1037 as closel y as rece nt ~n~~,,tn i shed stud u’ c c ’~au ted at FPL.
pos sible. Mn 1 eflals n c i ce aspen Cr’~~~ .v tn bark .

Another s t ucy  71 ~:as ~ace fl Wh!Ch tour A ’ n’e- r~ e .~~ed or Ov/~ oc ch~ in . t u- n ing
e~ot. .: ba rdw co C s .~tf er ing orom~se as par- r~~; ~~~~~ r ( , r~ .t’5’~ d cl •:rr~~ -q r n  ‘ ..

‘ ic :e board ~ur n s” ~~~~~~ ~‘ rola . .~nt .’a . and ~ ~s t r~ r~ ’ . ” . nss . ’.nn-j  anø ~ d ~n.< Theso
.~ ro rmos i a_w e re . sed to ~~~~~~~ ‘ ee- ayer rna~~.r ’ als “ C i -  used to prj auce ~~~~~~~~~~~~~
oa r t lc l eb o a rd  O~b er ‘.‘ a r i~~0I es nC ucIed . ‘

~~ ree~ av e r  coa ds at 6 or 8 uC c~~: i t  ‘JF re sin
~ec1 ree of comorrs innn and rn .~t.~re of the tour co c ’ e r t  The . r a ta  ~ r’ )~~ that a :  pane ‘. e/. ept
specie s involved. wc wou ci oass the requirements of OS .:36

These st uc :es indi cated that bending ~~rSe ~ane ls mane fr om as r c .rov nd to ce
‘ r r ; 2 e ~~es moculi  of rupture , MOR , and nef.c en! n ‘n te r ”a i  .hond strength and

ast c ity , MOE) i~ partic leb oard specimens Jr000h v inear exc a ns ion  and th ickness swe ll .

~ouId be accura tely prenilcted from con- ~~~~~~ .c~ineis of basswood were defic ent in ‘n-
s iderat iors of scec es density and desired ~erfla i bond ~t renqth The panels orera.’ed
j ane’ density if~gs. 1 and 2 and table 1). Report t~cm asre n or m~~nc hardwood chips n-
7) also showed that bending properties of ~)Jd flq oark are aoequate in all orope rt ies ,

pane ls made with mixtures of species are
directly correlated with weighted averages of
the species comprising the mixture. This ~oo . .

assumes some compression of the wood par-
ticles during the pressing Cycle because com-
pression is needed for satisfactory panels. 600 .-~ . -

internal bond strength levels also were
correlated with density of source material (fi gs.
3 and 4 and table 1) but not with as high preci-
slon as MOR or MOE. The internal bond of ~

~
studies (,_4, 7) showed that thickness swelling 3°°~~
and lInear expansion are generally not predlc- 0

table from density considerations. Usually ~higher density species will be more stable In 200 —

thickness swelling and less stable in linear ex-
panslon than lower density species (figs. 5 and
6). Particle shape is of prime importance in ioo —

controllIng dimensional movements; par-
ticleboards with shorter part icles produce less
thickness swelling and more linear expansion 

~~ 
L . -- .. .~~ - i.. - .

than longer particles. 32 34 36 38 40 42
The studies showed that particleboards DENSITY (lb/f t I

meeting the requirements of type 1B1 of the
commercial standard for mat-formed par-
ticleboards, CS 236 (6), could be produced at Figure 1.—Relationship of modulus of elasticity
densities of 34 to 37 lb/ft 3. The higher density to species at various panel densities.
woods generally required a proportionately (M 140 105)
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Figure 2 —Relationship of modulus of elasticity to board density as affected by species mixture and
compression ratio of raw materials (7J. The ratios 1.2:1 and 1.6:1 are ratios of panel density to
species or species mix density.

iM 144 674)

and it may be shown that at equivalent den- strength and stability requirements of CS 236.
sities these panels are similar in properties to Note, however , that chips containing bark may
hardwood panels previously studied (figs. I to contain amounts of silica or grit sufficient to
4) (4 , 7). produce machining problems either in the

Thus, UF-bonded particleboard panels f laking or panel trimming and cutting
may be produced at normal densities and operations.
resin content s from small , lower grade
hardwoods, including bark , which will meet the

-3-
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EXTERIOR -TYPE , PHENOL- Several factors were notable In this series of
FORMALDEHYDE (PF) panels. Only the high-density panels would

BONDED PARTICLEBOARDS meet the requirements for type 2B2 panels of
CS 236, thus indicating a substantial change in

Previously unreported data resulting from panel properties due to a species change. A
tests of panels made at FPL with larger flakes significant increase in internal bond strength
and bonded with phenol-formaldehyde resin occurred in changing from aspen to red oak
are summarized In table 3. The data are ob- but thi s should be expected because of the
ta m ed from panels of aspen , elm , maple , and greater inherent strength of the oak. On the
red oak In homogeneous or three-layer con- average, linear expansion with oai panels was
struction at densities of 35 to 45 lb/ft 3 and with twice that obtained with the aspen . again
3 to 7 percent PF resin. The data are from four probably caused by greater inherent instabi l ity
small exploratory studies and are thus labeled in the oak. The major change. however , was
as groups 1 through 4 . the loss in strength following the accelera ted

The first group was comprised of several aging test. This was 50 percent in MOR but 97
relativel y low-density aspen panels made wIth percent in internal bond , both significantl y
various flake types and bonded with 3 percent decreased from leveis attained with aspen
PF resin. Only the second panel In this group These data indicate that much research will be
would meet the requirements of type 2B2 of necessary to determine tech~.iques of ob-
CS 236. The inclusion of bark In this panel type ta m ing durable bonds with minimum adhesive
resulted in reduced strength levels in all tests. contents in higher density hardwoods,
Also , the use of thick (0.03 in.) flakes produced The fourth and final group illustrates
more thickness swell and linear expansion properties attained with bark-free material of
than with thin (0.015 In.) flakes , small diameter (less than 6 In.) comprised of

The second group Illustrates properties of
three-layer panels bonded with 3,4, or 5 per-
cent PF resin at 35- , 40- , or 45-lb/ft 3 density. 350 . .

These panels were prepared from material ob-
tained from boles of small aspen trees and,
with one exception , were prepared with 300 ’
naturally occurring amounts of bark. The data
concerning tree sizes and wood and bark con-
tents pertinent to this group are summarized in 250 - .

table 4. Some material was disk-flaked and ~
—

milled (fig. 7) for use in panel faces , and the ~remainder was chipped and milled to splinter
shapes for core material. All panels would 200f .

meet the type 2B2 requirements of CS 236. ~~ I
Panel density had a more pronounced effect
on strength and stiffness levels than did resin
content , although Increased resin content rn- ~

‘ 

~~~~~~~~~~~~~

100 . 
~
,.

. . 

~~~~~~~~~~

proved retention of internal bond after the -

acce lerated aging test. .—-
~
-- 

~~~ - .
‘~1

Other trends noted In this group of panels 
~~~~~~~~~~~~~~~~

— ,-- - ~~ 
“i’ 

‘

inciuded the general Improvement In proper- .~~~~.—~~~~~~~~
.--——--—------- 

,ties Nhen bark was omitted from the raw
material mix . Also , the strength properties of
pane ls made with material of less than 2-Inch
d;ameter were equivalent to those from panels 0 - . .

made with bole wood, but linear expansion
~ ~~~~ ib,f”i

was increased in the panels made with the
smaller diameter material ,

The third gr oup of panels was made with Figure 3.—Relationship of intern al bond to

cross-grain planed flakes of red oak at 5 or 7 species at various panel densities
percent PF resin and 40- or 45-lb/ft 3 density. iM 140 1061

-4-
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Figure 4.—Relationship of internal bond to board density as affected by species mixture and corn-
pression ratio of raw material (~~~~

. The ratios 1.2:1 and 1.6:1 represent the ratios of panel density
to species or species mix density.

(M 144 675)

aspen, elm, maple, or a mixture of these spe- ture, it tends to flake Into numerous narrow ,
cies at two densities (either 35 or 40 Ib/ft 3). strandlike particles rather than into wider
In terms of meeting the requirements of type flakes. This Increases the particle surface area
282 particleboard, the aspen again performed per unit weight proportionately and manifests
adequately at both densities, elm at neIther , itself in less adhesive per unit area and reduc-
and maple and the mixture only at the higher ed internal bond levels after the accelerated
density. Because of elm’s anatomical struc- aging test.

-5-

!

~

!r

~

- . .:- :. ~~~~~~
- 

- ~~~ -~~~~~~~~~~~~
- 

., - .4



Table 1. —Strength properties~~of hardwood particleboard
related to species and panel density

Regression equations Coefficient of
( y =  a + b X 1 f cX 2) determination (A 2)

HOMOGENEOUS PARTICLEBOARDS (4)
Modulus ol elasticity = -278.5 + 1.564 PSGV -441.0 SSG2’ 0.94
Modulus of rupture = -3 ,347 + 12,855 PSGV ~2,495 SSGV .91
Internal bond = -283.1 + 492.8 PSG~’ + 181.1 SSGV .42

THREE-LAYER PARTICLEBOARDS (Z)
Lower Density~Modulus of elasticity = -144,7 + 873.7 PSGV .94
Modulus of rupture = -1 ,439 + 7,127 PSG?’ .96
Internal bond = -154.2 + 496.0 PSG?’ .70
Higher Density~Modulus of elasticity = -133.7 ‘4- 987.0 PSG?” .96
Modulus of rupture = -1 ,504 + 8,428 PSGV .98
Internal bond = -150.2 + 427.6 PSGV .72

1/ Modulus of elasticity measured in 1,000 ib/tn 2 , modulus of rupture and internal bond in lb/in 2
2/ PSG = panel specific gravity. SSG = species specific gravity
~/ Lower density panels have a panel density 1 . 2 times the species density, higher density panels 1 6 times species density

SUMMARY AND CONCLUSION durability) places a much greater burden on
the panel manufacturer. Many more factors
should be considered when using PF resins as

Ti 4 lcate that UF-bonded par- compared to UF resins because the end uses
ticiet’ wood can be produced at more likely will impose more harsh en-
aIm esired level of strength and vironments on the panels. By proper selection
stiff 1 ~y adjustment of manufacturing of particle size, resin content , and density, it Is
variables. The use of lower grade hardwoods possible to attain high levels of initial perfor-
does not appear to pose a problem to perfor- mance with PF-bonded hardwood par-
mance in this type of panel. ticleboards. However , more research is need-

The studies of PF-bonded hardwood pan- ed to learn how to effectively control durability
els have shown that the addition of an in thIs type of particleboard.
accelerated aging test (as an indication of

-6-



0 8  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _

I. o-9o PcT RE LATIVE HUMIDIT Y
2. 30-9O PcT RELATIVE HUMIDITY

2 3. 30 DAYS WAT ER SOAK flifi
4. 24 HOUR WATER SOAK Ir!rJ II J J ~0 7 -

0.6 - 
I —

~J -

0.5 — -

U

z
0
(n
2
4 - -

LU

fl
4 4
LU

-J

1~

0.I -

0 — - — — — - - - — — — - —— —

BASS-  YELLOW RED HICK- YELLOW RED
WOOD POPLAR OAK ORY POPLAR OAK

i-GRAIN FLAKES I/-GRAIN MILLED
SHAVINGS
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Table 4.—Physical properties of aspen trees 1’

Portion Fraction by weight
0 0 0 0 0o  0 of tree

C I I 0 1  V V t ) t ) t )’O  Cu ~~ o

Tota l~’ Wood~’ Bark~’Pct Pct
Stems 70 78 22

E i~ ”.’I Tops 18 64 36
Branches 12 74 26
1/ Based on 6 trees, 4 5-C n average dCameter at breast

height . 24-f t average height . 23-year age
E ~ ,Z’ Weight as harvested

4 ~ E ai Ovendry weight basis
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