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ABSTRACT 

St;~tic I)c.nding strt.ngt11 \,:~lut.\ are rcy0rtc.d for t1irc.c. \vood-plastic coiiiposite ( W P C )  
h:lrdwoocls. E1;tstic strength \~alnes 1)ecalnc. uniforn~ after treatment, s~~ggest ing that 
limiting values were obtainrd. Uncertainties in deterrninin): WPC strength values carlsed by 
sample cross-section, soaking time in monolner, and moisture content are discussed. 

Atltlitional keyz~ort1.s: Acer saccharut)~, Querctrs spp., F r a x i n ~ ~ . ~  arr~ericunr~, wood-polyn1f.r 
composites, WPC, monoillcr, polynier, s\r,elling. 

IN'I'IIOI)UCTION 1)locks (20-mrn cubes) were later fot~nd to 
i\ nnml)er of llseflll are '"ell collsideral~ly (up  to 9" vO1ll- 

ot,tailled from static bellding tests ol, wood. llletrically) from penetration of tlic cell 

interest ill creatillg woOd-plastic wa11sby monomer (Sinu 1969). Adarns et 

composites (WPC) increased, it was a al. (1970) soaked loblolly pine in methyl 

llatural consequence that the mechanical n'eth"c'~late (MMA) for 12 days before 

properties WPC woulcl be pressure treating, but the woocl Itad been 

with wood. One of the more compre- oven-dried and exposed to 12% Eh4C 

llensive of static l,elldil,g strellgt~l conditions at 30 C before treatment. We 

( ~ , ~ ~ , ~ ~ i ~  et ,J. 1968) wcls performed have noted distinct variations in the rate of 

l)asswood; },Owever, a low-density nvelling of wood as affected by species and 

sTIecies is costly to because Of the moisture content. The interaction of these 

l,igh polymer loading, *ls0, hig. varial~les causes difficulty ill interpretation 

atures produced from the euotherli~ic con- Of ""le plll'lislled studies. 

\~ersion of the monomer 1llay cause thernlal The o1)jectives Of this study to ( ) 
degradation alld discoloration the wood, report static b e n d i ~ ~ g  strength values of 

Or at least a color c,allge il, dyes used woocl species used in commercial WPC: 

in the monomer. processing, and ( 2 )  point out some 
WPC was used Siau procednral difficl~lties in ol~taiiiing valid 

( 1968) to find the effect on the sul~sequent \VPC strength values. 

hlOE value after soaking wood in monomer EXI'ENI~IENTAL I'IIOCEDUHI;. 

for prolonged periods. MOE increased I, tlli:i stlldy, three species 
gradually for a total change of 6% after tailled in the kih-dried hard 
al)out 9 weeks of soaking. Sinall basswood ( i4cer ,yacc.arum ~ ~ ~ ~ h .  1, red oak 

( Quercus spp. [Er!lthrobulunrcs group] ) , 
' Anthorizcd for publication on 22 January 1974 alld white ash ( ~~~~~j~~~ amrical,a L, ) .  

as paper number 4609 in the journal series of the 
Pennsylvania Agric~~ltural Experiment Station. Sixteen sarnples of each species were ma- 
' l>resent atldress: Faculty of Forestry, 203 chined t~ 25 X 25 X 400 nln? (1 X 1 X 16 

College Street, Toronto, Ontario h156 1 A l .  inches) for static bending tests as described 
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TAHLE I. Static bending values of untreatec! V.S. treated WPC 
- 

Specie:; 
Pa ramete r  - 

White A s h  Hard Maple Red Oak -  assw wood^ Sou thern  p ineb  

M o i s t u r e  Conten t  (%) 6 6 6 7.2 1 2  

Kass Loading ( % l C  6 1 49 31  170 75 

U n t r e a t e d  

T r e a t e d  

MOE ( l o 6  p s i )  

U n t r e a t e d  

T r e a t e d  

FSPL (10' p s i )  

U n t r e a t e d  

T r e a t e d  

%angwig e t  a l .  1968 *** S i g n i f i c a n t  a t  0 . 0 1  l e v e l  

b ~ d a m s  e t  a1.1970 (Average v a l u e s  c a l c u l a t e d  from d a t a )  
k* S i g n i f i c a n t  a t  0.05 l e v e l  

* S i g n i f i c a n t  a t  0 .10  l e v e l  
' ~ a t i o  of  polymer t o  ovendry wood mass 

NS Not s i g n i f i c a n t  a t  0 . 1 0  l e v e l  

1NR Not report .ed 

in the secondary methods of ASTM D143-52 
and equilibrated at 6% EMC. One-half of 
each species group was randomly selected 
for impregnation. The treated samples were 
filled with MMA using a commercial full- 
cell process (vacuum, backfill with mono- 
mer, sl~peratnlospheric pressure ) .  Radiation 
polymerization to polymethyl methacrylate 
(PMMA) was carried out in a commercial 
(20-60 system at about 0.1 r\4rad/h. After 
trcatment, the samples were again equili- 
brated at 6% ERIC. Average mass loading 
of polymer is given in Table 1. Static bend- 
ing was performed on a Tinius Olsen testing 
machine with automatic recording of load 
vs. deflection. Standard formulas were 
u\etl to calculate moduhls of elasticity 
(RIOE), fiber stress at the proportional 
limit (FSPL),  and modulus of rupture 
(MOR).  

RESULTS AND DISCUSSION 

The static bending values from this 
study are given in Table 1 together with 
those previously reported. In the previous 

studies, basswood had shown highly 
significant increases in all strength values, 
but the changes for southern pine were less 
dramatic. In this study, the results were 
initially tlif'ficult to reconcile since the 
change in elastic parameters (MOE and 
FSPL) after treatment was not consistent 
'imong the three species. However, when 
these values were compared within treated 
and untreated groups (Table 2), the four 
significant differences in MOE and FSPL 
among un~treated samples were reduced to 
one for the corresponding treated samples. 

Of particular interest are the similar FSPL 
values for all five treated species in Table 1. 
I t  can be seen from Table 2 that the FSPL 
values for treated maple, oak, and ash 
were riot significantly different. The value 
for basswood was apparently not signifi- 
cantly different from these three, but the 
preparation and processing differences 
betwee11 studies make such a comparison 
uncertain. 17SPL for treated southern pine 
was probably not significantly different 
from thai (of the controls, although the 
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statistical data were not given in the paper 
( Adams et al. 1970). The moisture gradient 
could have caused a nonuniform monomer 
penetration into the cell walls, producing 
an abnormal polymer distribution super- 
posed on an unknown resulting moisture 
gradient. A comparison of strength values 
between such treated and untreated speci- 
mens would not be valid for commercially 
produced WPC. In the case of the four 
hardwoods in Table 1, similar values of 
FSPL for treated samples contrast with the 
variation in untreated values. This suggests 
that PMMA supports the cell walls to mini- 
mize stress concentrations and permits the 
samples to approach a limiting elastic value 
that may be independent of wood anatomy. 

TABLE 2. Levels of significance for untreated and 
treated static bending values. Vertical lines connect 
significant zjalues. No connection indicates lack of 

significance at 0.10 level 

Treatment Strength Value ( p s i )  - 
and 

Species  MOR ( lo3 )  HOE ( l o 6 )  FSPL ( lo3)  

Untreated 

White Ash 

Hard Maple 

Red Oak 

Treated 

White Ash 

Hard thp le  

Red Oak 

OBSERVATIONS AND RECOMMENDATIONS 

On the basis of the past research on WPC 
properties, there appear to be some viable 
areas of potential study to clarify the role of 
certain variables in observed changes of 
mechanical ( and other ) properties : 

Sample cross-sectional area: The static 
bending values for 25- x 25-mm wood 
specimens ( ASTM secondary standards) are 
considered comparable to 50- x 50-mm 
specimens ( ASTM primary standards ) , but 
the validity of this has not been tested on 
WPC. UnpubIished static bending test 
results of the writers for 50-mm red oak 
specimens showed no significant difference 
after PMMA treatment, whereas a signifi- 
cant difference was found between 25-mm 
samples in this study (Table 1 ) .  

Moisture content: Samples must be im- 
pregnated with monomer using a full-ceII 
method to obtain maximum filling, but the 
evacuation period can cause an appreciable 
loss of moisture, creating a gradient. Equil- 
ibration of treated samples to compensate 
for moisture loss requires an extended 
period at elevated temperatures since mois- 
ture diffusion occurs predominantly in the 
cell-wall mode. Perhaps the only practical 
way to assure a uniform moisture gradient 
is through cooling the samples before 
evacuation and by wing the shortest pos- 
sible vacuum cycle. This could somewhat 

*** Sign i f i cant  a t  0 .01  l e v e l  
** S i g n i f ~ c a n t  a t  0.05 l e v e l  
* Sign i f i cant  a t  0 .10  l e v e l  

limit studies of purely moisture content 
effects tlo those woods that are easily 
penetrated. 

Mononwr swelling: After impregnation 
and during the polymerization period, MMA 
penetrates the cell wall and swells the 
wood. This occurs to a slightly lesser extent 
with styrene and very little with tertiary- 
butyl styrene ( Siau 1969). The use of swell- 
ing and nons\velling monomers can provide 
complementary information from which the 
true nature of the composite coilld be 
analyzed, The presence of a moisture 
gradient causes nonuniform penetration of 
monomer into the cell wall, which causes 
greater swelling for lower moisture contents 
(greatest at 0% MC), aIthough much more 
rapid swelling for higher moisture contents. 
This has been reported by Siau (1969) for 
basswood and confirmed by the writers for 
hard maple. The writers also observed that 
hard maple had a T/R monomer swelling 
ratio of nearly 2.0 over the range 0 and 12% 
MC. One of the complications introduced 
by nonunifolm swelling is that, in some 
cases, samples have been remachined to 
obtain the desired cross-section (Langwig 
et al. 1968). It is then unclear whether the 
treated samples, which contain less cell-wall 



nlatcrial ill the sa111e cross-sectioil ;IS uii- radiaf ioi~-~~~-ot l~~cet l  southern pine \\jootl-l~lastic 
trcated cc)ntrols, iu-e at a disaclva~~tage in coinbin,~ti~ons. For. Procl. J. 2 0 ( 4 )  325--28. 

static I)eIlding tests where the depth of the L"s':"'"' 1. E.. J. .A. M"YE"> ANU K. W. 
~)AVIIIS~:)N. 1968. Inf l~~ence of polymer ini- 

I)ei1l11 is \,cry ilnportamt in the calculation of pregnation on mechanical properties of bass- 
strci~rrth va11lc.s. wood. For. I'rod. 1. 18( 7 ) :33-36. 
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