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Preparation and Properties of Some 
Wood=Plastic Corn binations Involving Some 
Tropical Commercial Woods 

L. H. L. CHIA and KONG HON KON 

Department of Chemistry 
University of Singapore 
Singapore 1025 

A B S T R A C T  

Radiation-induced wood-polymer composites have been pre- 
pared using some tropical commercial woods. These included 
Kapur (Dryobalanop sp. 1, Kempas (Koompassia sp.), Red Seraya 
(Shorea sp.), White Seraya (Parashorea sp.), and Jelutong 
(Dyera sp.). The wood specimens were modified by impregna- 
tion with monomers and followed by exposure to gamma radia- 
tion. Monomer systems used were methyl methacrylate, methyl 
methacrylate with 5% dioxane, acrylonitrile, 60:40 styrene- 
acrylonitrile comonomer, vinyl acetate, and vinylidene chloride. 
The resulting composite specimens exhibited significant in- 
creases in hardness and compressive strength, the extent of 
which appeared to depend on the amount and type of polymer 
present. Dimensional stability increased when the woods were 
impregnated with polymethyl methacrylate and improved further 
to about 35% on addition of a swelling agent, dioxane. Wood- 
polyvinylidene chloride composites gave high fire resistance as 
opposed to wood- polymethyl methacrylate which showed increased 
flammability. A 4-fold decrease in weight loss was observed 
in the fire-tube and crib tests conducted. The impregnated poly- 
mers were not totally resistant to termites. The polymers, not 
being nutrients, reduced the number of survivals after a 90-d 
test period. Polystyrene-acrylonitrile appeared toxic to the 
termites. 
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I N  T R 0 D U C  T I 0  N 

The development of new polymer materials not only provides 
direct competition to natural materials but they can also be used to 
improve the properties of natural macromolecules. Wood, one of the 
many natural macromolecules, has many excellent properties but it 
cannot be regarded as ideal for all purposes. With the availability of 
competitive materials, deficiencies inherent in wood a r e  being pro- 
gressively recognized. Research could thus lead to minimizing or 
connecting these unfavorable properties. 

erization, could give a product composite of the wood and polymer. 
The heterogeneous composition and structure of wood together with 
the many parameters involved in the formation and characters of 
polymers could give r ise  to an intricate piece of composite. This 
paper deals with the study of the properties of these combinations in 
relation to the original wood. 

Impregnation of wood with a suitable monomer, followed by polym- 

E X P E R I M E N T  

Five woods, based on their availability and commercial popularity, 
were selected for this study. They a re  listed in Table 1. 

The monomer systems used for impregnation of samples of each 
of the five woods a re  listed in Table 2. 

The impregnation was carried out in a glass vessel into which 
samples of 2.5 X 2.5 X 5.0 cm were placed. The vessel was then 
evacuated to a pressure of less than 5 mmHg and held at this pres- 
sure for a minimum of 15 min depending on the number of samples 
present. The appropriate monomer was then introduced, and nitrogen 
gas was  admitted till atmospheric pressure was obtained. The vessel 
was kept at room temperature for about 24 h to obtain complete 

TABLE 1 

Wood Density (kg/m3) 
~- 

Kapur (Dryobalanop sp.) 753 

Red Seraya (Shorea sp.) 545 
Kempas (Koompassia sp.) 88 1 

White Seraya (Parashorea sp.) 673 
Jelutong (Dyera sp.) 46 4 
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WOOD- PLASTIC COMBINATIONS 805 

TABLE 2 

:I 1 

100% methyl methacrylate (MMA) 

100% acrylonitrile (AN) 

95% MMA-5% dioxane (MD) 
60% styrene-40% AN (STAN) 

100% vinyl acetate (VA) 
100% vinylidene chloride (VDC) 

i 

1 / ~ a b  Vacuum 
Pump 

Impregnation 
Chamber 

FIG. 1. The impregnation system. 

impregnation. A schematic drawing of the impregnation apparatus is 
shown in Fig. 1. 

The impregnated specimens were subsequently removed from the 
vessel and individually wrapped in aluminum foil and sealed. TheybCo 
were then placed in an aluminum container and irradiated from a 
source of 5800 Ci activity where the average radiation was 0.3 Mrad/h. 
The optimum dosage for each monomer system with the complemen- 
tary wood type was first determined and subsequently the production 
of composites for testing purposes was done with the optimum dosage 
obtained. After irradiation, the composites were recovered through 
extensive drying to remove the excess monomers. The amount of 
polymer in the composite, determined by the percent polymer loading 
in terms of weight, was made for each sample as follows: 
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W P C - w  
Polymer loading = x 100% 

W 

where WPC = weight of wood-polymer composite and W = weight of 
oven-dried specimen. 

The resulting composite specimens and the unmodified wood speci- 
mens were tested for their physical, fire, and termite-resistant prop- 
erties. These tests were conducted at the facilities of the Chemistry 
and the Building Science Departments of the University of Singapore 
and the Forest Research Institute at Kepong in Malaysia. 

R E S U L T S  

M e c h a n i c a l  P r o p e r t i e s  

The results of the hardness and compressive strength parallel to 
the grain tests performed on the composite materials and their corre- 
sponding control samples a r e  listed in Tables 3 and 4. The measured 
values shown in these tables a re  the mean values. The hardness and 
the compressive strength results both indicated consistent improvement 
over the control samples. 

The hardness test was  performed with a Monsanto-Houndsfield 
tensometer with a test ball size of 5 mm in diameter while the com- 
pressive strength parallel to the grain was measured using a Shimadzu 
50,000 kg universal testing machine. 

The presence of polymethyl methacrylate and polystyrene-acrylo- 
nitrile in the wood increased the hardness by an average factor of 2. 
One of the monomers, vinyl acetate, showed rather irregular be- 
havior with regards to improvement of hardness of composites, and 
one cannot predict whether it really contributes to hardness. 

The maximum crushing strength values a re  fairly high for some 
of the composites, and the main cause may be attributed to the high 
polymer loadings of the composites. The untreated wood probably 
fails in compression owing to the distortion and buckling of the rela- 
tively thin cell walls which possesses a long-column type of insta- 
bility. It is difficult to determine whether the increase in strength 
is derived from the fraction of polymer introduced into the wood 
since the cell wall material by itself is of a much greater strength 
than the polymer. Thus the increase in strength may likely be the 
result of the presence of a coating of the polymer on the walls. This 
coating could have thickened the cell walls and greatly improved their 
lateral stability. 
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WOOD-PLASTIC COMBINATIONS 807 

TABLE 3. Hardness of Natural Woods and Wood-Plastic Combinations 

Hardness 

Side End 
Average 
polymer Ratio to Ratio to 
loading untreated untreated 

Wood Impregnation (%) kN wood kN wood 

Kapur Oven-dried 

PMMA 
PMD 
PSTAN 
PAR 

PVA 
Kempas Oven-dried 

PMMA 

PMD 

PSTAN 
PAR 

PVA 
Red Oven-dried 

Seraya PMMA 

PMD 
PSTAN 

PAR 

PVA 
White Oven-dried 

PMMA 
PMD 
PSTAN 

PAR 

PVA 

Seraya 

- 
40 

41 

41 

37 

41 
- 
37 

37 

40 

36 

36 
- 
64 

64 

67 

49 

67 
- 
54 

50 

55 

25 

28 

~ 

1.15 - 
2.90 2.5 

2.37 2.1 

2.40 2.1 

2.14 1.9 

1.79 1.6 
1.89 - 
4.50 2.4 

3.70 2.0 

4.27 2.3 

3.63 1.9 

3.25 1.7 
1.05 - 
3.08 2.9 

3.20 3.0 

3.35 3.2 

2.67 2.5 

2.40 2.3 
0.68 - 
1.51 2.2 

1.26 1.9 

1.34 2.0 

1.08 1.6 

0.76 1.1 

1.70 - 
3.30 1.9 

2.44 1.4 

3.41 2.0 

2.01 1.2 

1.56 0.9 

2.31 1 

4.43 1.9 

3.94 1.7 

4.32 1.9 

3.75 1.6 

3.34 1.5 

1.53 - 
3.32 2.2 

3.50 2.3 

3.62 2.4 

2.86 1.9 

2.65 1.7 
1.08 - 
2.24 2.1 

1.77 1.6 

1.95 1.8 

1.39 1.3 

0.98 0.9 
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D i m e n s i o n a l  S t a b i l i t y  

Improvement in dimensional stability is the most important ad- 
vantage of wood-plastic combinations over natural wood. This was 
taken in account by measuring the swelling behavior of the combinations 
produced. Volumetric swelling (Table 5) is definitely the lowest for 
composites containing MMA and MD. 

efficiency ( M E )  as defined in 
Dimensional stability is often measured in terms of antishrink 

s - sc 
M E  =- x 100% 

S 

where S = fractional volumetric swell of wood and Sc = fractional 
volumetric swell of composite. 

There is a clear indication from the results that the dimensional 
stability is greater when a swelling agent, dioxane, is present. 
Figure 2 shows that water continues to be absorbed by the composites 
as well as by the untreated wood even though the dimensional change 
has leveled off. This may be due to water seeping into cell cavities 
previously prevented by the presence of either the polymer or the cell 
wall. It is thus felt appropriate to define an equation in a fashion 
similar to ASE to quantify the permanent weight reduction quality of 
the polymer in wood. It was expressed as the antiabsorption effi- 
ciency (ME) in 

WI- WIc 
AAE = x 100% 

WI 

where WI = percent weight increase of wood and WIc = percent weight 
increase of c om posit e. 

In previous experiments the degree of grafting had been measured 
by the amount of impregnant remaining in the extracted product or the 
reprecipitated residue obtained after exhaustive extraction with a 
solvent. Results in Table 6 show that grafting may have occurred for 
the Kapur-methyl methacrylate dioxane composites, judging from the 
lower amount of polymer extracted by toluene. 

T e r m i t e  R e s i s t a n c e  

Termites' role in the destruction has been the cause of concern 
for many wood users. Various preservatives such as creosote, insec- 
ticides, diesel fuel, and salts have been impregnated into wood by 
vacuum-pressure methods to safeguard against termite and other 
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2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 
Days  

FIG. 2. Dimensional stability and water absorption: Kapur. 
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boring insects. Impregnation of high density plastics and polymers 
containing inherent insect-repellent properties are thus of great im- 
portance. 

Wood blocks measuring 2.5 X 2.5 X 5.0 cm were each placed in a 
glass container specially constructed with glass slides to effect a 
compulsory feeding test. Thirty termites were introduced into each 
container and the termites were exposed to the wood surface for 
about 90 d. After the test period the number of surviving termites 
was recorded and the wood was reweighed after being vacuum-dried 
to constant weight. 

The results (Table 7) show that the number of surviving termites 
in the composites a r e  significantly lower than for the untreated wood. 
This shows that the presence of polymers effectively resisted termite 
attack though not absolutely. Termites a re  also known to be able to 
damage plastic, lead, and even underground cables, and this is prob- 
ably due to their primitive mouth parts. 

F i r e  R e s i s t a n c e  

The fire tests conducted are adapted from the fire-tube test 
(ASTM, E69-50; Reapproved 1975) and the crib test (ASTM, E160-50; 
Reapproved 1975). These two methods cover fire test procedures for 
combustible properties of wood treated to reduce flammability. 

fire-proofing properties whereas the polymethyl methacrylate com- 
posities (PMMA) supported combustion. The difference in the type of 
wood used in the composite formation and the polymer loading did not 
seem to affect the fire resistance appreciably. The duration of con- 
tinued flaming and continued glow can also provide an indication of 
flammability. The wood- PMMA composite took a relatively longer 
period for the flame to be completely extinguished after the removal 
of the igniting flame, showing that it supported combustion. The re- 
sults are shown in Table 8. 

Polyvinylidene chloride composites (PVDC) showed remarkable 

C O N C L U S I O N  

The results obtained in this study indicate that generally the com- 
posites show improvement over the original wood in the various prop- 
erties tested. However, their improvements are not always equal or  
superior to the sum of the constituent materials. It appears to be the 
result of the nonuniformity of penetration of plastic into the wood 
structure and, possibly, a weak bonding between the polymer and the 
cellulose cell wall. 
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