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(57) ABSTRACT 

Structural members for doors and the like can be manufac 
tured from plastic foamed composites containing wood flour 
by the Steps of (1) dry mixing a blend of powders including 
PVC powder, wood flour, powdered thermal stabilizers, 
powdered foaming agent and a powdered gelatinization 
agent, (2) adding the mixed powder to a thermal Stirring 
mixer to obtain a homogeneous dispersion of the Several 
powders (3) transferring the homogeneous dispersion of 
powders to a cold Stirring mixer and Stirring at Speeds 
Sufficient to avoid agglomeration of the homogeneous dis 
persion of the Several powders and (4) placing the non 
agglomerated homogeneous dispersion of the Several pow 
ders in a feeding hopper of an extrusion machine and 
extruding Shapes for the desired components. The vacuum 
venting of the extrusion machine can be controlled to 
achieve components with more desirable Surface features. 
Lubricants can be added to the homogeneous dispersions of 
the Several powders to aid in the extrusion process. 
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MANUFACTURING METHOD FOR STRUCTURAL 
MEMBERS FROM FOAMED PLASTIC 

COMPOSITES CONTAINING WOOD FLOUR 

BACKGROUND OF THE INVENTION 

0001 Waste products from manufacturing processes 
involving wood construction include Saw dust and other 
Wood wastes. In the past these products were burned or 
disposed of in land fills. More recently these waste wood 
products have been used as fillers in plastic composite Such 
as polyvinyl chloride PVC and other plastic resins. Such 
uses of these waste products have reduced the consumption 
of wood and contributed to better environmental uses of 
such wastes. Due to the availability of wood waste products 
as described herein their use as additives/fillers of organic 
polymerS has been extensively Studied, see e.g., 

0002 Dalvaget al., “The Efficiency of Cellulosic 
Fillers in Common Thermoplastics. Part II. Filling 
with ProceSS Aids and Coupling Agents”, Interna 
tional Journal of Polymeric Materials, 11:9-38 
(1985). 

0003) Klason et al., “The Efficiency of Cellulosic 
Fillers in Common Thermoplastics. Part I. Filling 
Without Processings Aids or Coupling Agents', 
International Journal of Polymeric Material, pp. 159 
187 (March 1984). 

0004 Kokta et al., “Composites of Poly(Vinyl Chlo 
ride) and Wood Fibers. Part II: Effect of Chemical 
Treatment", Polymer Composites, 11(2):84-89 
(April 1990). 

0005 Kokta et al., “Composites of Polyvinyl Chlo 
ride-Wood Fibers. I. Effect of Isocyanate as a Bond 
ing Agent', Polym. Plast. Technol. Eng., 
29(1&2):87-118 (1990). 

0006 Kokta et al., “Composites of Polyvinyl Chlo 
ride-Wood Fibers. III. Effect of Silane as Coupling 
Agent”, Journal of Vinyl Technology, 12(3):146-153 
(September 1990). 

0007 Kokta et al., “Use of Wood Fibers in Ther 
moplastic Composites”, Polymer Composites, 
4(4):229-232 (October 1983). 

0008 Maldas et al., “Composites of Polyvinyl Chlo 
ride-Wood Fibers: IV. Effect of the Nature of 
Fibers”, Journal of Vinyl Technology, 11(2):90-98 
(June 1989). 

0009 Raj et al., “Use of Wood Fibers as Filler in 
Common Thermoplastic Studies on Mechanical 
Properties, Science and Engineering of Composite 
Materials, 1(3):85-98 (1989). 

a et al., “Use of Wood Fibers in Thermo 0010) Raj 1. “Use of Wood Fibers in Th 
plastics. VII. The Effect of Coupling Agents in 
Polyethylene-Wood Fiber Composites”, Journal of 
Applied Polymer Science, 37: 1089-1103 (1989). 

0.011 Rogalski et al., “Poly(Vinyl-Chloride) Wood 
Fiber Composites”, Antec '87, pp. 1436-1441. 

0012 Sean et al., “A Study of the Mechanical Prop 
erties of Wood Fiber to Polystyrene Composites”, 
Drevarsky Vyskum, ZvaZuk 133 (1992). 

Apr. 11, 2002 

0013 Woodhams et al., “Wood Fibers as Reinforc 
ing Fillers for Polyolefins', Polymer Engineering 
and Science, 24(15): 1166-1171 (October 1984). 

0014 Yam et al., “Composites From Compounding 
Wood Fibers With Recycled High Density Polyeth 
ylene', Polymer Engineering and Science, 
30(11):693-699 (June 1990). 

0015 Not withstanding the literature, such as noted 
above, the combining of wood fibers or wood flour with 
plastics has not been Straight forward. For example, See U.S. 
Pat. No. 6,015,612 issued to Deaner et all which teaches that 
by the use of heat and pressure wood fibers can be wetted 
intercellular with plastic resins leading to composites having 
a Young's modules higher than neat PVC. 
0016 Other patents are directed to the manufacture of 
Structural parts for door frames and the like from composites 
of PVC and wood fibers/flours, see for example U.S. Pat. 
No. 5,406,768 issued to Giuseppe et al 
0017. The field of this invention is different in that it 
involves the manufacture of Such structural parts from 
foamed PVC and wood flour composites. In this regard see 
U.S. Pat. No. 6,066,680 issued to Cope which teaches the 
encapsulation of the wood flour with the resin in the form of 
pellets prior to extrusion of Such members. This invention 
avoids the Step of forming pellets, as taught in the patent 
issued to Cope. 
0018 Manufacturing structural members with conven 
tional foamed plastic composites, is typically limited by 
physical properties of Such composites. Such composites 
have large linear expansion coefficients, low dimensional 
Stability and are Subject to Significant thermal distortion. 
Also Such composites have insufficient rigidity (Evalue) and 
are prone to warping making them unsuitable for door and 
window frames. More often than not such members have 
non-Wood like or plastic like Surfaces which are undesirable 
in many applications where wood has been typically used in 
the past, e.g., window frames. 
0019. Following the method of the present invention not 
only reduces the above undesirable characteristics of Such 
foamed composites but produces Structural members which 
are better Suited for applications like door and window 
frames and the like. 

SUMMARY OF THE INVENTION 

0020. The manufacturing method of this invention 
involves (a) the mixing the wood flour with powdered PVC 
resin along with other powdered components, Such as ther 
mal Stabilizers, foaming agents, lubricants, fillers and pig 
ments to obtain a mixture of powders, (b) placing the 
mixture of powders in a thermal Stirring mixer and employ 
ing low Speed mixing to blend the mixture of powders 
followed by a higher Speed mixing to disperse Said powders 
into a homogeneous blend, (c) placing said homogeneous 
blend in a cold Stirring mixture and mixing at low Speeds to 
prevent agglomeration of the homogeneous blend from the 
thermal stirring mixer and (d) then adding the homogeneous 
blend to an extrusion machine and extruding foamed Struc 
tural shapes. 

DESCRIPTON OF THE DRAWINGS 

0021. The features of this invention will become apparent 
from the following description with reference to the accom 
panying drawings, in which: 
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0022 FIG. 1 is a schematic diagram of the processes 
employed in the present invention for preparing a blend of 
powders for an extruder; and 
0023 FIG. 2 is a schematic diagram of the extrusion 
processes of the invention to make Structural components 
Suitable for door and window frames. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

0024. Referring to the schematic in FIG. 1, it can be seen 
that Sources of the individual powdered components 
employed in this invention are identified with boxes 0 
through 11, with Separate metering devices for each Source 
identified as O' through 11" to control the amount of each 
individual component fed to the thermal mixer 12. Source 0 
is for powdered PVC, source 1 is for wood flour, source 2 
is for thermal Stabilizers, Source 3 is for inorganic foaming 
aids, Source 4 is for organic foaming agents, Source 5 is for 
inorganic foaming agents, Source 6 is for processing aids, 
Source 7 is for modifiers, Source 8 is for lubricants, Source 
9 is for other lubricants, Source 10 is for fillers and Source 
11 is for pigments. Typically these Several components are 
in powdered form and are fed to the thermal mixer in the 
desired quantities by the metering devices. The Schematic 
represents a continuous batch process to be set up whereby 
pre-Set quantities of the components are fed to the thermal 
mixer via Separate feed lines from metering devices. 
0025) PVC powder (source 0) is commonly available and 
in the instant invention PVC powders prepared in bulk by 
suspension polymerization. Suitable PVC powders are those 
sold by Formosa Plastics Corporation as S-60, S-65. As to 
the wood flour (source 1) it can be derived from hardwood 
wastes, will preferably have a fiber length below 0.6 mm and 
a fiber diameter is between 0.04 to 0.6 mm along with an 
aspect ratio between 2 to 6. Such wood flour is sold by JRS 
as CB-120 as well as other entities. 

0026. The thermal stabilizers (source 2) are selected from 
organic and/or inorganic thermal Stabilizer in powder form 
which are used to prevent the thermal degradation of PVC 
resin, Such as organic tin carboxylate, organic tin mercaptide 
and barium/zinc Stabilizer. 

0027 Used as inorganic foaming aids (source 3) are 
magnesium oxide and Zinc oxide which are employed to 
increase the Volume of gas from the organic and inorganic 
foaming agents. 

0028 For organic foaming agents (source 4) selections 
can be made from azodicarbonamide, benzene-Sulfohy 
drazide and diphenylene oxide-4, 4'-disulfohydrazide which 
act as blowing agents to provide gas for the foamed product. 

0029. For inorganic foaming agents (source 5) which also 
act as blowing agents to provide gas for the foam product, 
Such as Sodium bicarbonate. 

0030 For processing aids (source 6) which are used for 
enhancing the gelatinization of the mixed powders, the 
following can be used methyl methacrylate copolymer and 
high molecular weight acrylic polymer. 

0031 Often modifiers (source 7) are employed for the 
purpose of increasing the Strength of the plastic component 
in the composite and typically are Selected from ethylene 
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Vinyl acetate, acrylate/methyl methacrylate graft polymer 
and chlorinated polyethylene. 
0032. Likewise it is also helpful to uses external lubri 
cants (Source 8) which are employed to reduce friction 
during the extrusion process. Useful are polyethylene wax 
and paraffin wax. 
0033. It is also preferable to use internal lubricants 
(Source 9), Such as fatty acid, fatty alcohol and fatty acid 
ester for the purposes of increasing the gelatinization of the 
powders during the extrusion Step. 
0034) While not necessary fillers (source 10) can be 
added to reduce costs and can be Selected from calcium 
carbonate, precipitated calcium carbonate and, if desired, 
pigments (Source 11) can be used to give the extruded parts 
coloring. Pigments Such as titanium dioxide, iron oxide and 
carbon black can be employed. 
0035 An example of a combination of powders used for 
manufacturing products according to this invention consists 
of (where PHR is Parts per Hundred Resin by weight): 

0036) (1) 100 PHR powdered PVC 
0037 (2) 10-90 PHR wood flour 
0038 (3) 0 to 7 PHR organic systematic or inorganic 
Systematic thermal Stabilizer-used in this example 
2.5 PHR 

0039 (4) 0 to 5 PHR inorganic systematic foaming 
assistant-used in this example 1.2 PHR 

0040 (5) 0 to 3 PHR organic systematic foaming 
agent-used in this example 0.5 PHR 

0041 (6) 0 to 5 PHR inorganic systematic foaming 
agent-used in this example 1.5 PHR 

0.042 (7) 0 to 15 PHR processing assistant of 
organic polymer System used in this example 12 
PHR 

0.043 (8) 0 to 10 PHR property modifier of organic 
polymer system-used in this example 8 PHR 

0044) (9) 0 to 5 PHR exterior lubricant of powder 
used in this example 1.5 PHR 

0.045 (10) 0 to 6 PHR interior lubricant of powder 
or liquid organic System-used in this example 2.5 
PHR 

0046 (11) 0 to 10 PHR powder inorganic systematic 
filler used in this example 8 PHR 

0047 (12) 0 to 1.2 PHR pigment-used in this 
example 0.7 PHR 

0048. In the thermal stirring mixer 12 the mixture of 
powders described above are stirred, first at 900 rpm (low 
Speed) then at 1800 rpm (high Speed) to insure the compo 
nents are Sufficiently dispersed and mixed to achieve a 
uniform dry blend powders. The thermal stirring mixture is 
operated from room temperature to 100° C. during this step 
in the process. Typically during this Step the moisture 
content of the mechanically mixed powderS is reduced to 
about 8% by weight. This step in the process usually takes 
from 11 to 12 minutes. In the above example the mixture of 
powders were stirred for 2 minutes at 900 rpm and for 10 
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minutes at 1800 rpm. A mixer suitable for this step is a 
CL-FB 1000 built by CHYAU LONG Company. 
0049. The next step in the process involves placing the 
mechanically mixed powders from the thermal Stirring 
mixer 12 into the cold stirring mixer 13 where it is stirred 
low speed (900 rpm) until the temperature drops from 100 
C. to 40 C. to dissipate heat of the blended powders from 
the thermal Stirring mixture to prevent agglomeration. The 
powders are stirred in this mixture from 11 to 12 minutes and 
a mixer suitable for this step is CL-MA2000 built by 
CHYAU LONG Company. The product from the cold stir 
ring mixer looks a good deal like Sand. 
0050. To make structural components from the powders 
processed in the above manner the resultant mixture 14 is 
added to the feeding hopper 15 of the extrusion machine 
shown in FIG. 2. Typically such extrusion machines have a 
twin-screw extruder 17, Such as the extruder model CM-65 
built by Cincinnate that further processes the mixture by 
Shearing and heating it until is gradually gelatinized. The 
gelatinized mixture is forced by the extruder into the adapter 
18, then into the extrusion die 19 and finally through the 
calibration die 20 that controls the cross-sectional profile of 
the foamed element. Cooling this element as it leaves the 
extrusion machine is accomplished by cooling tank 21 and 
if the element's Surfaces require a wood grain pattern, its 
surfaces are embossed by rollers 22. Finally the cooled and 
embossed element from the extrusion machine is drawn by 
a drawing machine (not shown) and cut into Suitable lengths 
for the required product. 
0051. By controlling the vacuum venting of the extrusion 
machine the Surface appearance of the extruded elements 
can be controlled and improved. 
0.052 As the calibration die 20 controls the cross sec 
tional profile of the extruded element made with this pro 
ceSS, complicated shapes are easy to construct as well as 
more routine Shapes used in door frames and the like. 
Typically the structures formed with this method will have 
a density between 0.5 and 1.1 gram/cubic centimeter and a 
molecular weight of about 90,000+40,000. Such structures 
have a linear thermal expansion between 1.9x10-in/in 
degrees Fahrenheit to 2.7x10 in/in-degrees Fahrenheit. 
What is claimed is: 

1. A manufacturing method for making Structural ele 
ments Suitable for door frames, Sealed Strip or other Struc 
tural members from foamed plastic resins/wood flour com 
posites comprising the Steps of: 

combining powders composed of polyvinyl chloride pow 
der, wood flour, powdered Stabilizing agents, powdered 
foaming agents, powdered gelatinizing agents and 
powdered lubricating agents, 
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placing Said combined powders in a thermal Stirring mixer 
at a temperature between room temperature and 100 
degrees centigrade and Stirring at first a low Speed to 
blend Said combined powders, followed by Stirring at a 
higher speed to disperse Said powders in a homoge 
neous blend of Said powders, 

placing Said homogeneous blend of Said powders in a cold 
stirring mixer to reduce the temperature from 100 to 40 
degrees centigrade by mixing at a low Speed to dissi 
pate the heat in Said homogeneous blend of Said pow 
ders to prevent agglomeration of Said homogeneous 
blend of said powders to form a resulting feed stock for 
an extrusion machine; and 

adding Said resulting feed Stock to an extrusion machine 
and extruding foamed Structural shapes therefrom. 

2. The manufacturing method for forming Structural 
members according to claims 1 and 2 wherein vacuum 
venting is employed in the extrusion process to enhance the 
Surface appearance of the members. 

3. The manufacturing method for forming Structural 
members according to claim 1 or 2 wherein the extruded 
members have a density is between 0.5 to 1.1 gram/cubic 
centimeter. 

4. The manufacturing method of forming of Structural 
members according to claim 1 or 2 wherein the linear 
thermal expansion is between 1.9x10-in/in-degree Fahren 
heit to 2.7x10 in/in-degree Fahrenheit. 

5. The manufacturing method of forming Structural mem 
bers according to claim 1 or 2 wherein the extruded mem 
bers have Young's Modulus is between 150,000 psi to 
490,000 psi. 

6. The manufacturing method or forming Structural Struc 
tural members according to claim 1 or 2 wherein the 
extruded members have Molecular Weight of 90,000+40, 
OOO. 

7. A manufacturing method of forming Structural mem 
bers according to claim 1 or 2 wherein the moisture content 
of the extruded members is between 6 to 8%. by weight. 

8. The manufacturing method of forming Structural mem 
bers according to claim 1 wherein the wood flour is a formed 
hardwoods and the fibers in the flour has fiber length below 
0.6 mm and the diameter is between 0.04 to 0.6 mm. 

9. The manufacturing method of forming structural mem 
bers according to claim 8 wherein the aspect ratio of the 
fibers in the wood flour is between 2 to 6. 

10. The manufacturing method of forming structural 
members according to claim 8 wherein the Wood flour 
content is between 10 to 55% by weight. 


