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HOWCRAFTSMENAND HOMEHOBBYISTS CAN MAKE AND USE

WOOD-PLASTIC COMPOSITEMATERIALS

.... Howard N. Rosen

INTRODUCTION form _(PC. Yhe most popular monomer used in
WPC work is methyl methacrylate, known com-

How would you like to make soft maple mercially in the polymerized form as Plexi-

or aspen harder, more colorful, more dimen- glas or Lucite. I This monomer is recommended

sionally stable, and easier to finish than for small shop work with WPC material for the

the highest quality hardwoods? These bene- following reasons:

' fits and many more are possible using WPC,

which is an acronym recognized by profes- I. The low heat of polymerization re-

sional woodworkers for wood-plastic composite duces the chance of charring the wood.
materials. Its use also affords more ver-

satility in the design of wood items rang- 2. The monomer is readily obtained

ing from tiepins to tabletops, produced in through a number of companies.

the home, school, or small shop.
3. The WPC material made with this

WPC is formed when wood is filled with monomer machines very well.

a plastic monomer and then heated in an oven.

WPC combines the toughness, abrasiveness, and 4. The monomer has a low toxicity.

hardness of plastic with the intricate grain

structure and strength of wood to make a most Styrene monmmer is a second choice to

appealing amalgam. These plastic character- make W?C. It is not as desirable as methyl
istics make W'PC more durable and resistent methacrylate because of odors that remain

to warping and swelling during changes in in the treated wood. A list of properties

humidity than untreated wood. Moreover, the is given for methyl methacrylate and styrene

grain of the wood is accentuated in a satin- below:
smooth surface of unfinished WPC. Addition

of dyes can ensure even color throughout a Methy_

WPC Product. methGorylGte Styrene

WPC is not without some disadvantages

compared to wood. WPC is more costly than Boiling point (°F) 214 293

wood ($i to $2/board foot higher) and it is Density at 25 ° C

more difficult to glue and to work. Futher- (gm/cc) 0.94 0.90

more, distortion can occur during polymeriza- Flash poin=-Tag

tion; thus, greater care must be given to open cup (°F) 55 94

• , specifying dimensions when WPC is used. Hea_ of polymeriza-
tion (kCal/mole) 13.3 17.8

HOW WPC IS FORMED Viscosity a_ 25 ° C
(cp) •6 .7

" Cost (dol/ib)2 .27 .16
Chemically, plastics are made by link-

ing small molecules called monomers together

to form long chains of molecules called pol_-

mere. The process, called polymerization, has

been used to make WPC by two methods: (I) born- IUse of trade names does not constitute

bardment with gamma radiation or (2) heating endorsement of the products by the USDA Forest

of catalyzed monomer. Many different monomers Service.

that exist as a liquid at room temperature

can be polymerized to form WPC. 2prices are based on 55-gal. drum and

will increase for smaller q_ntities. Five-

Monomers, such as methyl methacrylate, _aL. qu=nvities _re auaii_b_e for $16 or about

vinyl acetate, and styrene, can be used to _0.40/Ib.



Pure monomers can spontaneously poiy- The supplies can be obtained at a hardware

merize during storage at room temperature, store except for the water aspirator, which

Spontaneous polymerization can be delayed can be obtained from a chemical supply house

by the addition of a chemical called auu for about $3. A pressure and vacuuan gauge

_h':_bit_ _, Typical inhibitors are hydro- used to monitor pressures during treatment

quinone (HQ), bu_yrated hydroxyl toluene is optional.

(BHT), and _nomethyl ether of hydroquinone
(MEHQ). Retailers of monomers will give the

purchaser a choice of inhibitor and inhibi- The impregnation tank can be any size
for concentration. _e decision concerning or design providing it is capable of holding

.. inhibitor amounts depends on how soon the a vacuum and withstanding any pressure that
monomer will be used. If the monomer will might be applied to it. A galvanized steel

not be used over the course of a year, a nipple capped on both ends serves this pur-

higher amount of inhibitor should be used. pose. The nipple is tapped so that a valve

For example, at 75°F, i0 parts per million and/or pressure gauge c_ be attached.

. (p/m) addition of MEHQ inhibitor will in-

crease the life of methyl methacrylate monom- The surge tank should be capable of sus-

er from 2 weeks to 2 years; 50 p/m of MEHQ raining a vacuum withou_ imploding. The tank

_ w_ill increase the life to 20 years. If pos- can be wrapped with fine mesh window screen

sible, the higher concentrations should be for added safety. A surge tank of at least
avoided because the inhibitor decreases the five tim___sthe volume of the monomer solution

effectiveness of the catalyst, is necessary to maintain a low vacuum once
the monomer is introduced. M_onomer solutions

contain dissolved air, which is released when

"i_:ebasic process used to make WPC in the monomer is .introduced under vacuum.

the workshop is the catalyst-h4at method.
The mono_r solution is forced into the voids Two safe and easily constructed ovens

of the wood structure and then cured (monomer are shown in figure 1. The first oven con-

becomes polymer) with heat. Because the for- sists of a 25-ft length of 125 watt roof

marion of the plastic polymer causes consider- de-icing heating tape wrapped around a 3 1/2 in.

able heat to be released (called the _a_ of galvanized pipe. The impregnated wood is

po_yme:_-_za_ion), the heating of the monomer- placed in the pipe and loosely capped with
soaked wood must be at a moderate temperature a rubber stopper. A thermometer :is inserted

so the wood is not charred, into the oven through a hole in the rubber

stopper (figs. IA and IB). The second oven
consists of a pickle jar placed in a coffee

can filled with cooking oil. A small im-

mersion heater is placed in the coffee can

EQUIPMENT NEEDED _d a light dimmer switch is used to adjus_
current umtil 140 to 155 ° F is maintained.

Most of the equipment necessary to form The pickle Jar is loosely covered with a
the WPC can be found around the home or work- rubber stopper. Temperatures are measured

shop, The following general equipment is using a thermometer extended through a

needed to make Wq?C. An example is given for hole in the rubber stopper into the jar.

appropriate items that can be used: Treated wood is placed in the pickle jar
for curing (figs. IC and ID). Exact

temperature control is not required, but

the closer the temperature is to 140 to 155 ° F,

_/eig__r_,g _uice--kitchen scale, the shorter the curing time. Temperatures

f_re_a_ior; b&v_k--3-in, diameter salve- in excess of 155 ° F will evaporate the monomer

nized pipe with end caps. before i_ polymerizes.
S_,{?e _ik--l-gal solvent bottle with

two-hoie rubber stopper.

YaCU_ s_y--water aspirator (filter

pump).

Monom_e_' supply t_.-nk--l-gal bottle. PREPARING THE WOOD
_.binf;--thick-walled vacuum rubber tubing.

Ouen ....roof de-icing heating tape and Wood used in making WPC should be dried to

s_eel pipe. 6 to 12 percent moisture content. Green wood

A'_u._nu2_ foil cannot be used because the wood voids are fil-
M_king t_e led with water; thus, the monomer cannot enter

Ho$_ c_ _he wood. For the best results in making WPC,
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easily penetrated woods such as soft maple, after forming the WPC because of dimensional

birch, aspen, cottonwood, and basswood, should changes during the curing step.

be used because they have an open and inter-

connecting _tructure. Difficult-to-penetrate

woods, such as red oak, white oak, and black PREPARING MONOMER SOLUTIONS

walnut, can be used but the _reatment is more

difficult and the plastic is not as uniformly Weigh the components of the monomer so-

distributed throughout the wood. lution on a kitchen scale (or gram balance)
as shown in figure 2. Enough catalyzed monom-

The wood can be rough-shaped before treat- er solution should be made to cover the wood

ment. in most cases, reshaping is necessary pieces in the impregnation tank by several



•:_._ stopper and connect the rubber tubing from

the impregnation tank to the rigid tube in

the right hole. This tubing system must be

free of leaks; otherwise a vacuum cannot be
maintained.

The rubber tubing connecting =he impreg-

nation tank to the monomer supply tank can

be attached to the valve on the impregnation
tank either before or after a vacuum is drawn;

however, this tubing should extend to the bot-

tom of the monomer supply tank, as shown in

figure 3.

Place wood pieces in the impregnation

tank weighted with a heavy metal object so

they will not float in the monomer solution.

Open the upper valve (A) on the impregnation

tank and close the lower valve (B). Turn
Figure 2.--Weighing portions for monomer

_x_e. the water on and let it run until the air
is completely evacuated from the impregnation
tank.

inches and still leave an inch of monomer

solution remaining in the monomer supply tank.

Mix the monomer with 0.2 percent by weight

catalyst. Either benzoyl peroxide or azobisl-

sobutyrontrile (Vazo) can be used as the ca- Then isolate the aspirator by attaching

talyst, although Vazo is preferred because a hose clamp to the rubber tubing connecting

it prolongs monomer storage llfe and gives the aspirator to the surge tank. If you have

greater color stability. The catalysts sell not already done so, connect the tubing from

for about $2/pound. If color is desired, the monomer tank to the lower valve (B) on

add 1 percent by weight of dye to the solution, the impregnation tank and open valve B.

An optional crosslinklng agent, ethylene gly-

col dlmethacrylate (EGD), which costs about Add enough monomer so that the level of
the solution in the impregantion tank is at

$2 per pound, will make the wood easier to
sand and machine, least 2 in. above the wood pieces; otherwise,

the plastic will be unevenly distributed in

the wood. Soak the wood pieces under vacuum

at least 5 ,,in., while the entrapped air flows

into the surge tank.
IMPREGNATING THE WOOD

Then remove the hose clamp so that at-

Arrange the equipment as shown in fi- mospheric pressure can force the monomer into

gure 3. Attach the aspirator to a water out- the wood for at least 30 min. Remove the

let having a pressure of 20 1b/in. 2 or greater wood pieces from the monomer and let them
to achieve a vacuum of less than 1/3 in. of drain.

mercury.
To ensure impregnation in difficult-to-

Plug the surge tank with a Do-hole stop- impregnate woods, such as red and white oak,

per. Insert a tube of some rigid material, isolate the impregnation _ank from the surge

such as plastic, into the left hole. This tank and the monomer supply tank after the

tube must be long enough to extend to the ordinary 30-mln. soaking period. Using a

bottom of the surge tank. Insert another compressor or pump, pressurize the impreg-

tube of rigid material into the right hole; nation tank to 50 ib/in. 2 and let the wood

this tube should not protrude more than I in. pieces soak an additional 2 hrs.

into the surge tank. This ensures that any

water backup from the aspirator fills the The unused catalyzed monomer solution

surge tank, not the impregnation tank. should be placed in a refrigerator and stor-
ed at about 35 ° F. Once the catalyst has

Connect thick-walled tubing capable been added to the m_nomer, the life of the

of supporting a vacuum from the aspirator monomer is considerably shortened. At room

to the rigid tube in the left hole of the temperature, polymerization can occur in a



. .....
Figure 3.--Equipment a.vrangement .for irrrpre_-

nation of monomer solution into the wood:

(I) water aspirator, {2) surge tank, (3)

impregnation tank, and (4) monomer supply
tank.

few hours. After polymerization has occurred is merely suspended in the monomer, such as
in the storage container, the contents a pigment, will separate from the monomer dur-

cannot be removed without destroying the ing impregnation of the wood and will be fil-
container, feted out by the wood structure. The dye con-

centration in the monomer for making WPC must

be greater than normally used to color plas-

tics because the wood will require more dye

CURING OF THE IMPREGNATEDWOOD for coloration. Approximately i percent dye

gives pleasing results.

The first step in curing the treated wood

is to wrap it tightly in aluminum foil. Seal Dyes tend to inhibit the polymerization

the folds with masking tape to avoid evapora- of the monomer. This inhibitation varies ac-

tion of the monomer during curing. Cure the cording to the dye used. In some cases, ex-

treated wood for i0 hrs at 140 to 155 ° F and ira catalyst must be added to overcome the
then unwrap and air it in a well-ventilated effects of the dye. Futhermore, some dyes

area to remove residual monomer. The concen- are difficult to dissolve in monomers. The
trated monomer vapors can explode or catch dye will more readily dissolve if it is pre-

fire so ovens with open flame or open heat- mixed in a few drops of solvent such as ace-

ing elements, such as kitchen ovens, should tone, methanol, or isopropyl alcohol (rubbing
not be used. alcohol).

ADDING DYE TO MONOMER SOLUTIONS The final color of the WPC is difficult

to determine without actually making the WPC

The addition of dyes to the monomer so- material. If color is important, a test piece
iution gives the craftsman more versatility can be processed to determine the effects of

for creative projects. The dyes must be so- the dye. The same dye can give varying results

luble in the monomer; thus, oil soluble dyes depending on wood type, dye concentration,

and not pigments are used. A colorant that monomer, catalyst, and finish. Most green



and black dyes turn blue after curing, so EFFECTIVENESS OF THE WPC TREATMENT
these colors are difficult to impart into the

WPC by this process. Calculations should be made before finish-

ing the wood to check the effectiveness of

the impregnation and the amount of polymer-

GLUING ization achieved. First, determine your wood

_ density by dividing wood weight by wood vol-

Polyvinyl, urea-formaldehyde, and casein ume. Next, determine the m_mum possible

glues are not recommended for bonding WPC impregnation of methyl methacrylate or styrene

pieces. Resorcinol and epoxy resin give good for the density of your wood (fig. 4). Finally,

•- bonding strengths when used properly with WPC. the actual percentage impregnation of monomer
The surfaces to be bonded should be scuff sand- is determined by the following relationship:

ed, the glue double spread (one-half of the

adhesive should be spread on each of the mat-

ing surfaces), and the pieces assembled by Percent impregnation =

clamping them together. Curing is accomplish- (weight of treated wood
ed in an oven at 140 ° F for 3 hrs or over- - weight of untreated wood.) X I00

night at room temperature, weight of untreated wood

Conventional wood glues can be used to

bond sections of wood before making WPC.

The processing of W-PC in most cases does not For easily impregnated woods, such as soft

affect previously bonded surfaces. Glue lines maple, the ratio of the actual percentage to

will not diminish the effectiveness of the that of mouz'/mum possible percentage should

penetration but will become more noticeable be greater than 0.7. More-difficult-to-pene-

in the final product because_he monomer so- irate woods will yield lower ratios: e.g., a

lution cannot penetrate hardened glue. value of 0.3 is reasonable for red oak. Low

values of impregnation can be caused by leaks

in the treating system, failure to completely

MACHINING submerge the wood in the monomer solution,
and the use of too small a surge tank.

The WPC material can be machined on a

lathe, bench saw, jointer, and drill press
much the same as untreated wood. WPC mater-

ial is harder and more dense than untreated

wood so tool llfe is reduced. Carbide-tip-

ped tools will last longer and make machining _[
easier. The addition of a crosslinking che-

mical in the monomer mixture proves its use .... STYrEnE
METHYL METHACRYLATE

fulness in the machining and sanding of the 2_0

WPC material. Without the crosslinker, the

plastic in the WPC can soften and clog saw- _ ,_
teeth, drill bits, and sandpaper. The cross- _ _,%linking chemical raises the softening temp- _ _

erature of the plastic; thus, the material _ _
machines better. W'PC will split when nailed. _
The material is fastened much like plastic _ m0- \_x_h,..

material by being drilled and threaded for
bolts or screws _ I

FINISHING 1
50

WPC pieces can be buffed to a high lust- "_i
er finish unattainable with untreated wood.

Linseed or vegetable oil or wax can be work- 0 i i I 1
ed into the surface of the piece to darken 030 04o 0so 0_ oJ0 o_ 0_

colors. If the object is to be used to serve wOOOO_S,TY_g....J

or store food, a vegetable oil is recommended.

Varnishes can be applied to further enhance Figure 4.--Percent o/n_zzimum uptake oleo-

the surface quality, homer for various wood densities.



The calculation to determine the amount a foodstuff-resistant dye to the first solu-

of polymerization is: tion and 5 gm of another foodstuff-resistant
dye to the second solution. Treat the apple

Percent polymerization = and pear in solutions of their appropriate

(weight of WPC after curing colors. After curing at 155 ° F overnight and

- weight of untreated wood) X i00 air drying for 1 day, turn the final dimensions

.... (weight of treated wood and sand the surfaces on a lathe. Drill a

- weight of untreated wood) 3/4-inch hole in the bottom of the pear and
apple to 3/8 inch from the top to form the

If the percentage polymerization is below cavity for the salt and pepper. Then drill

75 percent, there is a possibility of insuf- 1/16-in. holes in the tip of the shakers in

" ficient catalyst or too short a curing time. the form of an S for salt and P for pepper.
Use a bottle cork to plug the holes in the

bottom of the shakers. Finally, rub linseed

oil into the exterior surface of the pieces

SAFETY to bring out the colors.

Extreme care must be taken to ensure that

vapors are not exposed to an open flame, heat- ,r._:_F_-._.--_?.- .....

ing element, or spark. The flash point (which : ......
indicates the flammability of substances) for _ _-." _._._ ....

methyl methacrylate (see p. 1 ) shows it is

capable of burning and exploding at room temp- '___":'__>'__'_ ......

erature in high concentrations. The monomer,

crosslinking agent, and catalyst should be

stored in a cool, dark pl_ce and refrigerated

if possible.

Work should be done in well-ventilated _::_i_._> ::_
areas. Because monomers are heavier than air

and collect in a layer near the floor, ex-

haust fans should be operating near the floor.

Monomer vapors have characteristic odors and

eye or throat irritation can be interpreted Figure 5.--Apple salt sA_<er _nd peam pepper

as a warning that the concentration in the sl'uxker.

area is too high. Safety precautions obtain-

ed from the company from which the monomers

are purchased should be carefully followed.

The production of surfaces that come Candy Dish
in contact with foodstuffs should be compatible

with health regulations. Only dyes resistant A two-toned candy dish, about 5 1/2 in.

to foodstuffs should be used in these cases, in diameter and 6 in. high can be made from

Vegetable oil is an accepable oil to enhance sticks of soft maple. Rough cut 16 sticks,

the color tone on surfaces that come in con- 3 by 6 by 3/4 in. Mix two monomer solutions

tact with food. using the following ingredients: 5 ib of

methyl methacrylate monomer, 1/6 oz of Vazo,
and 3 oz of EGD crosslinker. Add i oz of

dye to the first solution and I oz of another

EXAMPLE PROJECTS dye to the second. Treat half the sticks
with the first monomer solution and half the

Salt and Pepper Shaker sticks with the other monomer solution. After

curing, use resorcinol to glue pairs of the

An apple salt shaker and pear pepper same color sticks lengthwise to make eight
shaker can be made from 1-inch-thick soft 6-in. square plates. Clamp for 15 hr so the

maple (fig. 5). Glue wood sections with glue can set. Rough cut the 6-in. square

urea-formaldehyde resin to make a piece 3 in. section into disks ranging from 4 to 6 in.

square by 1 ft in length. Shape the outline in diameter depending on the contour of the

of the pear and apple on a lathe. Mix two dish. Using resorcinal glue the disks in

monomer solutions using the following ingre- an alternating color pattern and again clamp

dients: 500 gm of methyl methacrylate monomer for 15 hr to set the glue; seven pieces for

and i gm of benzoyl peroxide. Add 5 gm of the dish and two pieces for the top (the small

7
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piece on top can be made using the excess Loos, W. E._and J. A. Kent_ 1968. Perfor_nce
from rough cutting the disks). Shape the of some commercial adhesives for gluing
two sections on a lathe into the dish and wood-plastic combinations. For_ Prod. J.

top. Buff and finish using a vegetable oil 18(3): 23-27.

to produce a beautiful two-toned candy M_yer, J. A. 1968. Crosslinking affects sand-

dish (fig. 6). Ing properties of wood-piastic. For_ Prod_
J. 18(5): 89.

Nash, N v and J. A. Kent. i965. >lake wood
i00% dimensionally stable by W'PC. Wood-

_._::_ _,_k_% _.o_ ,,$°ii_ work. Dig. 67(12)" 34-35.

Rotarlu, G, J,_and W. E, M_tt. 1969. gtaLus
and technology of pol_er-containing fib-

:_:: rous materials in the United States. 23 p.

U,S. A.E.C., Div. of Isotopes Dew

Siau, J. F._and J. A. M_eyer. 1966. Compar-
ison of the proper¢ies of heat and radia-

tion cured wood-polymer combinations. For.

\ Prod. J. 16(8): 47-56.
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Figure 6.--?wo,-_oned candy dish. 1740 Military Pv/.
Buffalo, NY 14240
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Sing along with Woodsy and h_lp stop poltution.


