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(57) ABSTRACT 

The invention relates to a method for making light-weight 
dimensionally stable wood-thermoplastic composite material 
composed of wood chips and a thermoplastic polycaprolac 
tone. The manufacturing process of composite material com 
prising the steps of compounding virgin materials with 
single-screw extruder and production of uniform homoge 
neous plate-like composite with calendering apparatus. The 
calendering process comprises of several cycles, folding, 
cooling and reheating steps. During the gentle manufacturing 
process fragile woodchips maintain their 3-D structural prop 
erties in polymer matrix resulting light, mechanically strong 
wood-plastic composite. 



US 2012/0090759 A1 

METHOD OF PRODUCING COMPOSITE 
MATERALS 

BACKGROUND OF THE INVENTION 

0001 1. Field of Invention 
0002 The present invention relates, in general to the field 
of manufacturing wood-plastic composite (WPC). In particu 
lar, present invention relates to the production of composite 
materials comprising wood particles and biodegradable ther 
moplastic polymer. More particularly, the present invention 
relates to a method of manufacturing novel wood-plastic 
composites useful as splints or casts in immobilization of a 
fractured body extremities. 
0003 2. Description of Related Art 
0004. There are several orthopedic applications which 
comprise thermoplastic polymers, in particular polycaprolac 
tone and finely divided wood powder or fibres and thermo 
plastic polymers. Primarily these structures are of the “mesh 
type' consisting of cellulosic fibers with an average particle 
size less than 0.6 mm. Thus, a mesh type casting material is 
presented in Published International Patent Application WO 
94/03211. The material is manufactured by using a powder 
deposition process. The process includes mixing, with a dis 
pensing hopper, depositing the material to the non-woven 
fabric followed by a pressing procedure and a heat treatment 
procedure at a double-band press. 
0005 Powder deposition is however suitable only for 
manufacturing homogenized composites with fine particles. 
Moreover, the double-bend press cannot gently homogenize 
the wood particles with rather large dimensions to an evenly 
distributed mixture with polymer matrix. 
0006 Another method of manufacturing medical compos 

ites is presented in the Published International Patent Appli 
cation WO 2008/041215 in which one component of the 
structure is polycaprolactone but, like in the previous case, 
the material consists of many layers including spacer fabric. 
In addition, the splinting assembly is pre-shaped to match a 
fractured limb. The described manufacturing process 
includes both injection and compression molding. Due to 
large size of the wood particles, and the PCL having a very 
low melt flow index value, shaping of the material of the 
present invention by injection based systems is not practical. 
The pressure during processing may increase to so high levels 
that decomposition of wood's three dimensional structure is 
apparent. 
0007. Yet another alternative is presented in a U.S. Pub 
lished Patent Application US2008/0262100, which concerns 
moldable composite splints consist of several layers, one 
being thermoplastic polycaprolactone. The composite mate 
rial of the reference is manufactured by heat welding in a 
vacuum press followed by a perforating process with a turret 
punch press. This moldable perforated splint composite con 
sists of a plurality of layers which can be nicely manufactured 
with techniques presented in reference. This technique will 
not make it possible to produce a composite having a uniform 
structure in which wood particles of granular or platy struc 
ture are thoroughly and evenly dispersed. 

SUMMARY OF INVENTION 

0008. It is an aim of the present invention to eliminate at 
least some of the problems of the art and to provide a new 
method of producing dimensionally stable light-weight 
wood-thermoplastic composite material of constant quality. 

Apr. 19, 2012 

0009. The novel technology is based on the concept of 
mixing a thermoplastic polymer selected from the group of 
biodegradable polymers with at least one reinforcing material 
selected from woody materials in the form of platy and granu 
lar wood particles in particular under conditions of melt mix 
ing. Preferably the mixing is carried out in an apparatus for 
melt processing of polymers, e.g. an extruder oran equivalent 
device capable of producing a compounded mixture of ther 
moplastic and additives, at an elevated temperature and 
optionally at an increased pressure. The elevated temperature 
corresponds to or is higher than the melt temperature of the 
polymer. 
0010 More specifically, the present invention is charac 
terized by what is stated in the characterizing part of claim 1. 
0011. The invention provides considerable advantages. 
Thus, the method will produce light-weight dimensionally 
stable wood-thermoplastic composite materials composed of 
wood chips and a thermoplastic polycaprolactone. During the 
gentle manufacturing process fragile wood chips maintain 
their 3-D structural properties in polymer matrix resulting 
light, mechanically strong wood-plastic composite. 
0012. Further advantages and novel features and scope of 
applicability of the present invention will be set forth in the 
following detailed description and a number of non-limiting 
working examples. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0013 The material of the present invention can generally 
be manufactured by mixing a first component, i.e. a suitable 
polymer material, for example in the form of pellets, with the 
second component, i.e. wood particles or granules, by melt 
mixing. The mixing can be carried out in any conventional 
apparatus designated for melt mixing or melt processing. One 
example is a heatable vessel having a mechanical stirrer. The 
composite can beformed by using an extruder, kneader or any 
device Suitable for mixing thermoplastic polymers, in par 
ticular for mixing of polymers in melt phase. Ideally, although 
not necessarily, the mixture of the first and second compo 
nents prior to melting is a homogeneous mixture of the two 
components. 
0014 By using an extruder mixing apparatus, two hop 
pers, each containing one of the components of the material, 
can deposited the desired amount of each component in to a 
mixing chamber of the apparatus. Then, by way of the mixing 
means in the mixing apparatus, there is formed a homoge 
neous mixture of the first and second components prior to the 
formation of the composite material. 
0015. One advantage to the material being formed by such 
a homogeneous mixture of the components is that the forces 
necessary to form a Substantially homogeneous material are 
reduced. Therefore, little or no compression force is neces 
sary to facilitate mixing of the components in a material 
formation step. The importance of this factor is that, by way 
of the homogeneous mixture, larger particles of each compo 
nent can be used which would otherwise have been destroyed 
when subjected to high compression forces. 
0016. The material can be applied for use after it has been 
recovered from the mixing device and formed into the desired 
shape, for example into a sheet or plate or roll or any similar 
planar, folded, bent or tubular structure. The material can 
even be formed directly on the patient. 
0017. The material mixed with an extruder can be shaped 
with an appropriate nozzle to the shape of e.g. a rectangular 
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sheet or plate which can be used directly after cutting, e.g. as 
a wrist splint. Such a sheet or plate whose purpose is to be 
later formed in to a desired shape or size is referred to herein 
as a blank. 
0018. A desired specific profile or shape for the splints can 
be manufactured with the extruder manufactured sheet or 
plate by optical, chemical or mechanical cutting, e.g. laser 
cutting, waterjet cutting, eccentric pressing, or with any tool 
capable for producing regular shape profiles, i.e. stamping. 
The present material can also be processed with compression 
moulding, injection moulding, die-casting, and pressure die 
casting. Ideally these specific profiles and shapes are inlinear, 
two-dimensional form So as to be easily and compactly stor 
able. To maintain the simplicity and cost effectiveness in the 
manufacturing process of the novel composite material of the 
present invention preferably the whole manufacturing pro 
cess of the end-product is continuous. 
0019. According to an embodiment, the present method of 
producing a composite useful as an orthopedic material com 
prises the steps of 

0020 mixing together 10 to 100 parts, preferably 50 to 
100 parts, by weight of a first component formed by a 
polymer selected from the group of biodegradable poly 
mers and mixtures thereof and 

(0021 1 to 100 parts, preferably 10 to 50 parts, by weight 
ofa second component formed by a reinforcing material, 
present in the form of platy wood particles. 

0022. The melt-mixing is carried out at a temperature suf 
ficient for melting the thermoplastic polymer. Thus, the mix 
ing is generally carried out at a temperature of about 50 to 
190° C., preferably about 90 to 150° C., in particular about 
100 to 130°C., in order to achieve conditions of melt-mixing 
in the apparatus. The temperature can also be in the range of 
about 50 to 150° C., in particularly about 100 to 140° C. 
0023 The molten polymer mass containing a mixture of 
biopolymer and reinforcing platy particles can be shaped 
manually or, according to a preferred embodiment by moul 
ding in a mould. 
0024. The molten polymer mass can be subjected to ten 
sile forces to achieve a desired orientation of the polymer and, 
in particular, the reinforcing particles. 
0025. Within the above general concept, the manufactur 
ing process comprises several preferred embodiments. 
0026 Generally, a preferred embodiment of the manufac 
turing process of a composite material comprises the steps of 
compounding: Virgin materials with an extruder and produc 
tion of uniform homogeneous plate-like composite. 
0027. One particular embodiment consist of compound 
ing wood chips and thermoplastic polymer with single screw 
extruder and profile manufacturing of therein produced com 
posite by using calendaring techniques. This manufacturing 
method is applicable for production of composites consisting 
of any thermoplastic polymer having a melting point below 
100° C. and wood particles having volume between 1-50 
mm 
0028. The manufacturing process is initiated by mixing 
wood chips and plastic granules to uniform blend before 
pouring to feed hopper of the extruder. The mixing process 
can be carried out also by feeding of the Virgin materials to the 
extruder directly by using separate feeding hoppers. 
0029. In a compounding process using a single screw 
extruder, the profile of screw has to have dimensions that 
allow relatively lame wood chips (up to about 30 to 50 mm in 
one dimension) to move along the screw without crushing 
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them. Simultaneously, appropriate dispersion between wood 
and polymer has to beachieved. The screw-like channel width 
and flight depth are selected such that formation of local 
pressure increases can be avoided. Similarly, the temperature 
of cylinder and the screw rotation speed are selected to avoid 
decomposition of wood chip structure by high pressure dur 
ing extrusion. 
0030 The appropriate barrel temperature is generally in 
the range of 80 to 190° C., preferably 100 to 150° C., e.g. 
116-135°C., from hopper to die. The screw rotation speed is 
typically about 10 to 100 rpm, for example 25 to 50 rpm. 
0031. The extruder compounded composite material can 
be further worked upon to obtain homogeneous plates or 
sheets with a thickness of about 1 to 5 mm, e.g. 3.5 mm, with 
preselected width and length by using calendering tech 
niques. To avoid changes in wood chip structure during cal 
endering process, composite material can be gently folded 
between calendering cylinders in a plurality of phases, each 
consisting of a number of cycles. For example 2 phases with 
at least 10 cycles each are preferred. 
0032. Thus, in one embodiment, the melt mixing is carried 
out in an extruder and the calendering process comprises 
several cycles of folding, cooling and reheating steps. 
0033. The temperature of calender cylinders can be kept 
constant, for example at a temperature above the melting 
point of the thermoplastic material, to keep the composite 
moldable during calendering process. 
0034 Plates can be finished by sanding the edges with 
band sander. 
0035. In one embodiment working on polycaprolactone 
and wood chips, the calender cylinders were kept at 100° C. 
Smooth surface to the final product were achieved by calen 
dering the plate one time through at 100° C. 
0036 Alternative manufacturing process for the compos 
ite plates is press method after the mixing process carried out 
with extruder. Pneumatic, mechanical and/or hydraulic 
presses are suitable for the press method of the composite. 
During pressing the heated plates of the press are kept at 
temperature 
0037. The density of composite manufactured with com 
bination of extruder and calendaring or extruder and press 
vary between 600-1050, e.g. 600-850kg/m depending on the 
weight percent of wood in material. 
0038. To maintain the simplicity and cost effectiveness in 
the manufacturing process of the composite of the present 
invention the complete manufacturing process of the end 
product is preferably continuous. 
0039. During the process development it was found out 
that excellent results were obtained with polycaprolactones 
having a low to moderate melt flow index of less than 7, 
preferably about 0.1 to 6 g/10 min, with 2.16 kg standard die 
at 160° C. By contrast, polycaprolactone polymers having a 
high melt flow index (MFI) (i.e. higher than the one preferred) 
will not give a material of desired composition. Thus, mixing 
of PCL having MFI values of 7 g/10 minutes with 2.16 kg 
standard die at 160° C. with wood particles using a single 
screw extruder the molten composite material resulted in one 
experiment in a material which was not self-supporting and 
calandering thereof was not possible. Even at temperatures 
close to the melting point further processing of the composite 
was complicated by using calandering techniques and to 
achieve plate-like shape for the composite heatable platen 
press was required. 
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0040 Low viscosities of the polymers at elevated tem 
peratures complicate the manufacturing process of the multi 
component composites. For example pressing of hook-and 
loop fasteners to the Surface of composite at elevated 
temperatures tearing and creeping of the composite material 
can be observed. The present manufacturing method is there 
fore particularly well suited for the processing of highly vis 
cous thermoplastics, such as PCL having an MFI value of 3, 
as a polymer component. After mixing procedure with 
extruder the formed mixture of wood and a PCL of the indi 
cated MFI value can be directly used in calandering process. 
The creep phenomenon of the molten composite during 
pressing fasteners onto it can be avoided when the wood 
weight percentage in the composite is at least 20. 
0041. The adhesion of the composite can be improved by 
coating the Surface of the composite with additional layer of 
virgin PCL or with any similarly behaving material. The 
coating process can be performed practically either by extru 
sion coating or extrusion laminating in a continuous process. 
In the extrusion coating a molten layer of extrudate is laid 
onto a composite. The temperature of the extruded molten 
polymer is kept below 200° C. to avoid tarnishing of the wood 
component and at the same time above 100° C. to guarantee 
reasonable flow of the polymer on the substrate. During this 
process of flowing, the polymer wets the entire Surface evenly 
and Smooth over uneven Surface which is important contribu 
tor to adhesion. 
0042 Composite consisting of three layers of compounds 
(PCL-composite-PCL) can be performed by extrusion lami 
nating. In the process two substrates (PCL) enters the nip 
formed by two rolls. The middle extrudate (composite) also 
enters the nip by traveling over each roll. The composite is 
therefore the center part of the resulting sandwich material. 
The manufacturing of the multilayer composite consisting of 
composites layers having different weight percentage of 
wood can be performed by using calandering techniques. Two 
or more molten extrudates are combined to sandwich type of 
structures and pressed together in calender. By using similar 
calandering technique also padding and fasteners can be 
pressed to the molten composite extrudate consisting of one 
or multilayers. 
0043. The composite retains its shape as it cools down. It 

is substantially rigid but flexible so as to be supportive and 
comfortable. Rigidity is generally achieved, when a sample 
heated to the above indicated softening temperature is cooled 
to below 50° C., in particular to less than 45° C., preferably 
less than 40°C. Typically, the composite is rigid at ambient 
temperature; a suitable temperature of use is about -40 to 
+50° C., in particular -30 to +40° C. 
0044) The composite material sheet or plate can have a 
thickness of generally about 0.2 to 50mm, in particular about 
1.5 to 30 mm, for example 1.5 to 20 mm. A typical thickness 
is about 2 to 6 mm. The length and the width of the sheet or 
plate can vary in the range of about 1 to 150 cm (length) and 
to 50 cm (width), a typicallength being about 10 to 60 cm and 
a typical width being about 5 to 20 cm. 
0045. A particular embodiment comprises producing a 
continuous product, collecting the product and rolling it or 
folding it. Such a product is then provided in the form of 
ribbons or tape which can be collected on a receiving roller. 
0046. As discussed above, in one embodiment, a linear 
product (e.g. a sheet or a plate) is produced. That laminar 
product can be further processed. For example it can be per 
forated. Another alternative is to use the linear product for 
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making a laminate comprising at least two layers, each pref 
erably being comprised of such linear products. Naturally, the 
laminate can be perforated, also, 
0047 One specific embodiment comprises the steps of 
providing on a laminate at least one Surface layer having a 
reduced content of woody material. The layer can be formed 
by neat polymer or by a polymer merely having a reduced 
content of the woody material. Such a surface layer will 
provide improve adhesive properties for the product. 
0048. A particularly interesting embodiment comprises 
producing an essentially linear product, and mechanically 
modifying, e.g. by corrugation, the linear product so as to 
increase its stiffness. 
0049. The product produced by the present invention can 
also comprise further fillers or enforcing components. Thus, 
one embodiment comprises mixing the thermoplastic poly 
mer with a first woody material and at least one second Woody 
material, said second woody material being different from the 
first woody material. 
0050. A still further embodiment of producing a biode 
gradable linear composite material capable of being used to 
form an exo-skeletal device through thermal molding, com 
prises the steps of 

0051 obtaining a desired woody particle mixture, the 
majority of the woody particles making up the mixture 
being greater in size than powder, 

0052 forming a first component comprising biodegrad 
able polymer pellets, 

0.053 forming a second component comprising the 
Woody particle mixture, 

0.054 mixing the first and second component into a 
single homogeneous mixture, and 

0.055 forming, a linear composite material having a 
desired shape by heating the single homogeneous mix 
ture and forming it as desired such that woody particles 
contained in the homogeneous mixture are not substan 
tially degraded. 

0056. In this embodiment, obtaining a desired woody par 
ticle mixture comprises the step of taking a woody particle 
feed having a plurality of sized woody particles and sorting 
the feed to obtain the desired woody particle mixture. 
0057. As in all the above discussed embodiments, the step 
of Sorting the woody particle feed may comprise sifting the 
feed through one or more meshes. 
0.058 Generally, more than 70% of the second component 

is formed by the woody particle mixture. 
0059. The first and second components may have pellets 
and particles of similar size. 
0060. As in all the above discussed embodiments, in one 
preferred case, the desired shape is a Substantially rectangular 
blank formed from an extruder. The desired shape may, how 
ever, be other than a rectangular blank and can be formed by 
optically, chemically or mechanically cutting or stamping the 
desired form from the composite material. 
0061. In all of the above discussed embodiments, the pro 
portions between the components of the material can vary in 
a broad range. Thus, generally, 5 to 99 wt-%, for example 40 
to 99 wt-%, of the material is formed by the thermoplastic 
polymer component and 1 to 95 wt-%, for example 1 to 60 
wt-%, by the woody material. 
0062. The weight ratio of polymer-to-wood can easily be 
modified. and the weight percent of wood, based on the total 
weight/volume of the composition, may vary between 1 and 
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70%, preferably however in the range of 10 to 60 weight 
percent, or 20 to 60 weight percent, and 15 to 50%, or 25 to 
50%, by volume. 
0063) The second component comprises a woody material 
having a smallest diameter of greater than 0.1 mm. As will be 
discussed below, there can also be other wood particles 
present in the second component and the woody material can 
be granular or platy. 
0064. The size and the shape of the wood particles may be 
regular or irregular. Typically, the particles have an average 
size (of the Smallest dimension) in excess of 0.1 mm, advan 
tageously in excess of 0.5 mm, for example in excess of 0.6 
mm, suitably about 1 to 40 mm, in particular about 1.2 to 20 
mm, preferably about L5 to 10 mm, for example about 1.5 to 
7 mm The length of the particles (longest dimension of the 
particles) can vary from a value of greater than 1 mm to value 
of about 1.8 to 200 mm, for example 3 to 21 mm. 
0065. The woody particles can be granular, platy or a 
mixture of both. Woody particles considered to be granular 
have a cubic shape whose ratio of general dimensions are on 
the order of thickness:width:length=1:1:1. In practice it is 
difficult to measure each individual particle to determine if it 
is a perfect cube. Therefore, in practice, particles considered 
to be granular are those where one dimension is not substan 
tially different than the other two. 
0066 Woody particles considered to be platy means that 
they have generally a plate-shaped character, although par 
ticles of other forms are often included in the material. The 
ratio of the thickness of the plate to the smaller of the width or 
length of the plate's edges is generally 1:1 to 1:500, in par 
ticular about 1:2 to 1:50. Preferably, the woody particles 
include at least 10% by weight of chip-like particles, in which 
the ratio of general dimension are on the order of thickness: 
width:length=1:1-20:1-100, with at least one of the dimen 
sion being substantially different than another. 
0067 Based on the above, the platy particles of the present 
invention generally comprise wood particles having at least 
two dimensions greater than 1 mm and one greater than 0.1 
mm, the average Volume of the wood particles being gener 
ally at least 1 min" more specifically at least 1 mm. 
0068 Derived from platy wood particles designates that 
the Wood particles may have undergone some modification 
during the processing of the composition. For example, if 
blending of the first and second components is carried out 
with a mechanical melt processor, some of the original platy 
wood particles may be deformed to an extent. 
0069. The wood species can be freely selected from 
deciduous and coniferous wood species alike: beech, birch, 
alder, aspen, poplar, oak, cedar, Eucalyptus, mixed tropical 
hardwood, pine, spruce and larch tree for example. 
0070. Other suitable raw-materials can be used, and the 
Woody material of the composite can also be any manufac 
tured wood product. 
(0071. The particles can be derived from wood raw-mate 
rial typically by cutting or chipping of the raw-material. 
Wood chips of deciduous or coniferous wood species are 
preferred. 
0072 A particularly interesting raw-material comprises 
wood chips of any of the above mentioned wood species 
having a screened size of greater than 0.6 mm and up to about 
3 mm, in particular about 1 to 2.5 mm on an average. 
0073. According to an alternative embodiment, a compos 
ite useful as an orthopedic material, comprises a first compo 
nent formed by a polymer and a second component formed by 
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a reinforcing material, wherein the first component comprises 
a thermoplastic polymer selected from the group of biode 
gradable polymers and mixtures thereof, and the second com 
ponent comprises reinforcing fibres. Such fibers can be 
selected from the group for example of cellulose fibers, such 
as flax or seed fibers of cotton, wood skin, leaf or bark fibers 
of jute, hemp, soybean, banana or coconut, stalk fibers 
(straws) of hey, rice, barley and other crops including bamboo 
and grass. According to an interesting embodiment, the wood 
filler may consist of or consist essentially of fibres of the 
indicated kind. The polymer component can be any of the 
below listed polymers, caprolactone homo- or copolymers 
having a molecular weight of about 60,000 g/mol up to 250, 
000 g/mol being particularly preferred. 
10074. Substantial advantage has been found for the poly 
mer component to be a caprolactone homopolymer or a 
blends of homo- or copolymers of epsilon-caprolactonehav 
ing a molecular weight of above 80,000 g/mol. Specifically, 
polycaprolactone having a molecular weight of between 100, 
000 g/mol and 200,000 g/mol as been found to be advanta 
geous both in terms of resultant properties and cost. 
0075. Before the woody particles are mixed with the ther 
moplastic polymer they can be surface treated, e.g. sized, with 
agents which modify their properties of hydrophobicity/-hy 
drophobicity and surface tension. Such agents may introduce 
functional groups on the surface of the granules to provide for 
covalent bonding to the matrix. Even increased hydrogen 
bonding or bonding due to van der Waals forces is of interest. 
The woody particles can also be surface treated with polymer 
e.g. PCL having low viscosity and molar mass values to 
increase holding powers between wood and PCL having high 
viscosity value. 
0076. The wood material can be also coated or treated with 
anti-rot compound e.g. vegetable oil to improve its properties 
against aging and impurities. 
10077. The wood material can be dehydrated to make it 
lighter before mixing it with polymer. The mechanical and 
chemical properties of wood material can be improved with 
heat treatment, which is known to decrease e.g. swelling and 
shrinkage. 
0078. In the composition according to an aspect of the 
present invention, the first component (the polymer) forms 
the matrix of the composite, whereas the microstructure of the 
second component in the composition in discontinuous. The 
particles of the second component can have random orienta 
tion or they can be arranged in a desired orientation. The 
desired orientation may be a predetermined orientation. 
007.9 Furthermore, the composition may contain particu 
late or powdered material, such as sawdust, typically having 
particles with a size of less than 0.5 mm.0.5 mm:0.5 mm. 
0080 Particulate or powdered material is characterized 
typically as material of a size in which the naked eye can no 
longer distinguish unique sides of the particle. More specifi 
cally, powderparticles are of such a size that their dimensions 
cannot be measured with traditional, Vernier, calipers. 
I0081. In contrast, non-powder particles are of such a size 
that they can be measured with traditional calipers. Moreover, 
platy particles are easily recognizable as one dimension is 
recognizable by the naked eye as being larger than another. 
Granular particles, while having substantially equal dimen 
Sions, are of such dimension that their unique sides can be 
determined by the naked eye and oriented. 
I0082 More particularly, particulate or powdered materi 
als are of such a small or fine size that they cannot be easily 
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oriented with respect to their neighbours. Granular and platy 
particles are of Such as size that their sides are recognizable 
and orientable. 
0083. The present material contains a significant portion 
of wood granules having a particle size greater than the 
micrometer range, for example a size of about 0.75 mm to 50 
mm. When the material is shaped into a sheet, (at least most 
of) the wood granules become oriented in two dimensions 
within forming of the thermoplastic material into sheets. 
0084. The reinforced material typically exhibits properties 
selected from one or several of the following: 

I0085 a density of the composition at least 5% less than 
that of the polymer component (e.g. epsilon-caprolac 
tone homopolymer) as such; 

I0086 a Young's modulus value in 3-bending test of the 
composition is at least 10% higher than that of the poly 
mer component (e.g. epsilon-caprolactone homopoly 
mer) as such; and 

I0087 thermal conductivity on the order of about 0.5 
W/m'K, at the most. 

0088. The desired composition of the second component 
can be achieved by sifting woody particles through one or 
more meshes having one or more varying qualities. The 
desired composition can also be accomplished by other well 
known techniques in the art for sorting and separating par 
ticles in to desired categories. The desired composition may 
be the resultant composition of one sifting or separating pro 
cess. The desired composition may also be a mixture of result 
ant compositions from several sifting or separation processes. 
0089. According to one embodiment, the weight ratio of 
fibrous material (optionally including said powdered mate 
rial) to the platy material (dry weight) is about 1:100 to 100:1, 
preferably about 5:100 to 50:50. In particular, the woody 
material derived from the platy wood particles forms at least 
10%, preferably about 20 to 100%, in particular about 30 to 
100%, of the total weight of the second component. 
0090 The powdered material may form up to 30%, typi 
cally about 1 to 20%, of the total weight of the second com 
ponent. 
0091. In addition to wood-based powdered materials, 
inorganic particulates or powdered materials such as mica, 
silica, silica gel, calcium carbonate and other calcium salts 
Such as tricalcium orthophosphate, carbon, clays and kaolin 
may be present or added. 
0092. The present method will produce a composition that 
can be used as a composite material. Such materials are 
exemplified by finger splints, wrist casts and ankle casts. 
Generally, the platy particles form about 30 to 70%, prefer 
ably in excess of 40 up to about 60%, of the total weight of the 
composition, for finger splints and for ankle casts about 20 to 
60%, preferably about 30 to 50% of the total weight of the 
composition. There is typically a greater portion of the larger 
particles present in the larger casts which will reduce the total 
weight of the cast without impairing the strength properties 
thereof. 
0093. In particular, the composite material of the present 
invention is manufactured in to either a blank or in to a 
desired, specific shape or form. Ideally, the blanks and forms 
are linear, two dimensional and easily stackable. The blanks 
can be either substantially larger than the intended size to be 
applied to the animal or human being, herein referred to as the 
patient, or of Substantially similar size. 
0094. In the instance when the blank is of a large size than 
desired, the blank can be cut with normal scissors or other 
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conventional cutting means before application. Such a large 
blank is preferable in the sense that one blank may be cut into 
several splints at various times according to the size required 
by each. Therefore, it is not necessary to store many different 
shapes and sizes of the material, which take up room and may 
be rarely used. 
0.095 Additionally, multiple splints may be cut from one 
blank in Such away as to maximize the material used and not 
produce a large amount of waste product. 
0096. Once the proper size and shaped piece of material is 
obtained, cut or selected, the material is then heated to the 
desired operating temperature by a heating means. Numerous 
heating means are known in the art, but it is preferable to 
uniformly heat the material to a specific desired temperature. 
If the temperature is too high then there is risk of discomfort 
or harm to the patient's skin. If the temperature is not high 
enough then the material will not be able to properly conform 
to the patient's body. 
0097. The use of the present material as a splint or cast 
process is described in more detail in our co-pending patent 
application titled “Orthopaedic Splinting System, the con 
tent of which is herewith incorporated by reference. 
0098. The following non-limiting examples illustrate the 
invention. In connection with the examples, reference is made 
to the tables below. 
(0099 Table 1 is a table chart showing the densities of the 
test specimens manufactured by calandering at different tem 
peratures; 
0100 Table 2 is a table chart showing the flexural strengths 
of the test specimens manufactured by calandering at differ 
ent temperatures; 
0101 Table 3 is a table chart showing the tensile strengths 
of the test specimens manufactured by calandering at differ 
ent temperatures; and 
0102 Table 4 is a table chart showing the densities of the 
test specimens with different wood weight percentage manu 
factured by extrusion and calandering at different tempera 
tures. 
0103) In all the below presented examples, the polycapro 
lactone polymer used was a commercially available PCL 
homopolymer supplied under the tradename CAPA 6800 by 
Perstorp Ltd., Sweden). The polycaprolactone has a melt flow 
rate of about 3 g/10 min (measured at 150° C. and with a 
weight of 2.16 kg). 
0104. The wood material, if not otherwise indicated, was 
conventional spruce chips produced at a Finnish saw mill. In 
Some of the examples wood particles of other wood species 
were used. The chips, in particular the spruce chips, were 
occasionally used in the form of a fraction sieved to an aver 
age size of 1-2.5 mm. 

EXAMPLE 1. 

0105. The spruce chips were dried for 4 hours in 120° C. 
and polymer granules were used as received. Preliminary 
mixing of Virgin materials was carried out in a sealed plastic 
vessel. The mixture (200 g wood chips/300 PCL granules) 
was poured to the feed hopper connected to the Brabender 
single-screw extruder. The rotational speed of the extruder 
was set to 50 rpm and the temperatures of all four Zones were 
fixed at 130°C. After compounding process with the extruder, 
the formed composite material was heated in the oven to 125° 
C. to ensure its easy mouldability during calendering process. 
The calendering of composite mixture to a homogeneous 
plate was carried out in three phases which all included sev 
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eral cycles, folding, cooling and reheating steps. The tem 
perature of calender cylinder was fixed at 100° C. After cal 
endering process the plate-like composite was cut with band 
saw to size of 10 cm by 40 cm followed by one cycle 
calendering at 100° C. to achieve Smooth surface to casting 
material. 

EXAMPLE 2 

0106 Influence of the cylinder temperature of the calen 
dering system to the density of composite specimens of the 
are shown in Table 1, flexural strengths of the specimens 
calendered at different temperatures are shown in Table 2 and 
tensile strengths of the cylinder temperature specimens are 
shown in Table 3. The standard deviations of measurements 
are included in the Tables 1 to 3. Wood weight percent in 
composite was fixed at 40%. 
0107 As will appear, calendering carried out at different 
temperatures had only a minor influence on the densities of 
the manufactured composite plates. Densities of the compos 
ite plates were increasing slightly at lower calandering tem 
peratures but deviations of the measurements were varying 
greatly and no conclusions could be made. The flexural 
strengths of the corresponding materials, however, followed 
clear trend. At temperature of 100° C. flexural strength was 
~10 MPa and at lower temperature of 60° C. carried out 
calandering revealed flexural strength value of ~14MPa. The 
increase in bending force may seen as a result of orientation of 
PCL and wood particles in the composite structure. 

EXAMPLE 3 

0108 Densities of the composite specimens manufactured 
with extruder and calendering processes. The dimensions of 
the wood particles are approximated values and are presented 
in millimeters in Table 4. 
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TABLE 1. 

Temperature Density 
of the cylinders (kg/m) STD 

60° C. 774.94 37.05 
80° C. 764.OS 51.46 

100° C. 741.37 27.09 

TABLE 2 

Temperature Flexural 
of the cylinders strength (MPa) STD 

60° C. 14.17 1.79 
80° C. 13.01 2.22 

100° C. 10.71 1...SO 

TABLE 3 

Temperature Tensile 
of the cylinders strength (MPa) STD 

60° C. 8.62 O.30 
80° C. 6.09 O.85 

100° C. 6.42 O.74 

TABLE 4 

wood 96 size Density (kg/m) STD 

Spruce 35, 1-3 mm 669.56 30.81 
Spruce 40, 1-3 mm 662.90 S8.19 
Spruce 45, 1-3 mm 617.35 26.69 
Spruce 50, 1-3 mm 603.62 18.19 
polycaprolactone 1043.53 24.82 
Aspen 40, 3-5 mm 710.79 18.13 
Aspen 40, 1-3 mm 733.71 22.72 

EXAMPLE 5 

0109 700 g of e-polycaprolactone CAPA 6800 and 300 g 
of spruce particles (dust) with average dimensions of 2x2x0.2 
mm and were fed separately into a hopper of a Gimac mini 
twin-screw extruder. Temperatures of Screw, adapter and 
nozzle were close 130 deg C. The composite blend was 
pushed out through the compounder nozzle (diameter 4 mm) 
and collected to the rolling belt. The composite was cooled 
down by pressurized air while moving on the belt. As a result 
a cylinder shaped homogeneous mixture of wood particles 
and polymer was obtained. 

1. A method of producing a composite useful as an ortho 
pedic material, comprising the steps of 

mixing together a first component formed by a polymer, 
a second component formed by a reinforcing material, 
mixing a thermoplastic polymer selected from the group of 

biodegradable polymers and mixtures thereof with a 
reinforcing material selected from woody materials in 
the form of platy and granular wood particles, and 

carrying out the mixing as melt mixing in an apparatus for 
melt processing of polymers. 

2. The method according to claim 1, wherein 30 to 99 parts 
by weight of a thermoplastic polymer is mixed together with 
1 to 70 parts by weight of reinforcing particles. 

3. The method according to claim 1, wherein the mixing is 
carried out at a temperature of approximately 50 to 190° C. in 
order to achieve conditions of melt-mixing in the apparatus. 

4. The method according to claim 1, wherein the thermo 
plastic polymer is selected from the group of epsilon-capro 
lactone homopolymers, blends of epsilon-caprolactone 
homopolymers and other biodegradable thermoplastic 
homopolymers, and copolymers of epsilon-caprolactone 
homopolymer and any thermoplastic biodegrable polymer. 

5. The method according to claim 1, wherein the thermo 
plastic polymer has an average molecular weight of 60,000 to 
500,000 g/mol. 

6. The method according to claim 1, wherein the wood 
particles are orientated and aligned in a melt flow of the 
thermoplastic polymer before the reinforced material is 
shaped into an orthopedic material. 

7. The method according to claim 1, wherein 
the mixing comprises compounding the thermoplastic 

polymer with the woody material in a melt mixing appa 
ratus to produce a compounded melt mixture, 

providing an extrudate of the melt mixture by pultrusion of 
pulling-out through a mould or nozzle, and 

optionally shaping the extrudate into the form of a plate or 
a sheet. 

8. The method according to claim 1, wherein the mixture of 
the thermoplastic polymer and the woody material is com 
pounded in a mixing apparatus under non-crushing condi 
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tions, said mixing apparatus being selected from extruders 
and kneaders capable of processing polymers in melt phase. 

9. The method according to claim 1, wherein virgin mate 
rials are compounded in a melt mixing apparatus and shaped 
into a plate-like composite with calendering apparatus. 

10. The method according to claim 1, wherein the melt 
mixing is carried out in an extruder and the calendering pro 
cess comprises several cycles of folding, cooling and reheat 
ing steps. 

11. The method according to claim 1, wherein the wood 
particles comprise chips of hardwood, softwood or a combi 
nation thereof. 

12. The method according to claim 1, further comprising 
producing a continuous product, collecting the product and 
rolling it or folding it. 

13. The method according to claim 1, further comprising 
the steps of producing a linear product and combining at least 
two linear products into a laminate. 

14. The method according to claim 12, further comprising 
the steps of providing on said laminate at least one Surface 
layer having a reduced content of woody material. 

15. The method according to claim 1, further comprising 
mixing the thermoplastic polymer with a first Woody material 
and at least one second woody material, said second Woody 
material being different from the first woody material. 

16. The method according to claim 1, further comprising 
the steps of producing an essentially linear product and per 
forating said linear product. 

17. The method according to claim 1, further comprising 
the steps of producing an essentially linear product, and 
mechanically modifying the linear product so as to increase 
its stiffness. 

18. A method of producing a biodegradable linear compos 
ite material capable of being used to form an exo-skeletal 
device through thermal molding, the method comprising the 
steps of 

obtaining a desired woody particle mixture, the majority of 
the woody particles making up the mixture being greater 
in size than powder, 

forming a first component comprising biodegradable poly 
mer pellets, 
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forming a second component comprising the woody par 
ticle mixture, 

mixing the first and second component into a single homo 
geneous mixture, and 

forming a linear composite material having a desired shape 
by heating the single homogeneous mixture and forming 
it as desired Such that woody particles contained in the 
homogeneous mixture are not substantially degraded. 

19. A method according to claim 18, wherein obtaining the 
desired woody particle mixture comprises the step of taking a 
woody particle feed having a plurality of sized woody par 
ticles and sorting the feed to obtain the desired woody particle 
mixture. 

20. A method according to claim 19, wherein the step of 
sorting the woody particle feed comprises sifting the feed 
through one or more meshes. 

21. A method according to claim 18, wherein more than 
70% of the second component is formed by the woody par 
ticle mixture. 

22. A method according to claim 18, wherein the first and 
second components have pellets and particles of similar size. 

21. A method according to claim 18, wherein the desired 
shape is a Substantially rectangular blank formed from an 
extruder. 

22. A method according to claim 18, wherein the desired 
shape is other than a rectangular blank and is formed by 
optically, chemically or mechanically cutting or stamping the 
desired form from the composite material. 

23. A composite material formed from a homogeneous 
mixture of a first and second compound according to the 
method comprising the steps of 

mixing together a first component formed by a polymer, 
a second component formed by a reinforcing material, 
mixing athermoplastic polymer selected from the group of 

biodegradable polymers and mixtures thereof with a 
reinforcing material selected from woody materials in 
the form of platy and granular wood particles, and 

carrying out the mixing as melt mixing in an apparatus for 
melt processing of polymers. 

c c c c c 


