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The present invention is related to methods
for recycling or converting municipal, industrial and
5 commercial polymeric and fiber residues, including
solid waste containing such residues. More
specifically, the present invention is directed to
methods for the preparation of composite products fron
such materials.
10 Backaround of the Invention
Processes for treating waste or scrap
materials containing thermoplastics have long been
desired and numerous such processes are known in the
art. For example, U.S. Patent No. 4,968,463 ‘discloses
15 a process for treating waste which may contain plastic
materials. The patented process comprises a
preliminary physical treatment consisting of shredding
or granulating the material, drying the material to a
water content of not more than 8% by weight,
20 preheating the material to a temperaturé of 80 to
160.C, kneading at a temperature of 120 to 250°C and
injection molding or extrusion of the material to form
a final product.
U.S. Patent No. 4,187,352 discloses a
25 process for working up thermoplastic synthetic
material into an article having the properties of
wood. This process comprises fluidizing, molding and
cooling the material. The waste material treated by
. the patented process may contain 20-25% non-plastic
30 . material. Other methods for processing waste or scrap
containing thermoplastic materials are disclosed in
U.S. Patent Nos. 4,279,790 gnd 4,970,043.
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PSipgan ating the ma e absence of
air in several stages. U.S. Patent No. 4,225,640
discloses a method of recycling thermoplastic material
from municipal waste which comprises the use of leaf
material present in the waste.

However, conventional processes such as
those discussed above, for treating waste or
industrial scrap material require the sorting of the
intake material prior to treatment. That is, such
conventional processes generally require that *"con-
taminate® materials be sorted or removed from the
intake material to be treated prior to processing.
For example, processes for treating polymerics may
require sorting of the intake material to xremove
organic materials, fibrous materials, etc., while
methods for treating organics generally require
sorting to remove or separate thermoplastics. Such
sorting steps necessitate the utilization of resources
and labor which has proven to be expensive, thereby
raising the cost of treating the intake materials.
Accordingly, it can be seen that a method for
processing unsorted waste or industrial scrap material
is needed.

e _Inve

The present process for preparing composite
products from mixtures of plastics and ¢fibrous
materials overcomes the difficulties found in
conventional waste treatment methods discussed above.
In accordance with the present process, composite
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containing thernoplastic materials are disclosed in U. S. Patent Nos.
4,279,790 and 4,970, 043. ‘ )

Exanpl e3VQE3(N0s4 processi ng nmet hods which may be uti Iﬁ%&é&fmﬁ?e
treatment of organic or organi c-containing materials are al so known.

U. S. Patent No. 4,098, 649 di scl osgs a method of 5 destructive
distillation of organic waste materi al separated fromtrash or garbage
whi ch conpri ses conpressing and heating the material in the absence of

products are effectively .prepared without the
necessity of sorting the ‘intake material to remove
fibers or organics. Moreover, the intake material may
be blended with individual fractions of plastics or

S fibers so as to achieve a target formulation for the
final composite product. The elimination of the need
for sorting simplifies the procedure and reduces the
labor cost involved in carrying out the process, which
in turn reduces the cost of the finished article.

10 According to the present invention,
composite products may be prepared from materials
containing both plastic and fibrous fractions by a
process comprising first granulating and sizing the
intake material. The sized material is heated in

15 three consecutive phases, first at a temperature
sufficient to achieve an internal temperature within
the material of about 215~250°F, then at a temperature
sufficient to achieve an internal temperature within
the material of about 250 to about 320°F and then at

20 a temperature sufficient to achieve an internal
temperature within the material of about 320 to about
400°F. The material is continuously mixed during the
three heat phases. After exiting the third heat
phase, the heated material is co-extruded with a

25 suitable reinforcement structure. The heated material
is then forced into profile dies and cooled to form a
final composite product. The present invention is
also directed to the use of a compression molding
process to achieve a final product. The present

30 invention also encompasses a process for preparing
composite products from material comprising a mixture
of plastics, fibrous materials and organic materials.
The present invention is further directed to products
prepared by these processes.

35 Brief Description of the Drawings
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air in several stages. U S. Patent No. 4,225,640 di scl oses a net hod
of " recxghigighipher nopl astic material 10 from nuni ci p’al wasper Maos o279
conprisés the use of | eaf material present in the waste.

However, conventional processes such as t hose di scussed above, for
treating wast e or I ndustrial scrap majerial require the sorting of the
15 intake material prior to treatnent. That is , such conventi onal
processes generally require that "con- tam nate" nmaterials be sorted or
removed fromthe intake material to be treated prior to processing.

For exanpl e, processes foFigreatBhgwpokyMBMaim stpp20ofr &hei peosesti ng of
the intake mategbabrhonpenmy RO CLRALGH Sin ' WRQUALAREGE! 2 .
etc., while 8 for rea I ng organi cs genera? urre

sortlng to rennﬁErBr separate thernoplastics. Such sortlng st eps

necessitate the utlllzatlpagqf2rq&puiceéhaﬁatgedcf@QQLs@etggnhag RROvVen to
be expenS|v§,, t here ng ﬁti % t he ,cost ﬁf reatln he i nt ake
materi al s. aqRe Ynﬁ?ﬁfu Ea aﬁ§y§8gn° 8 HEFﬁ f BFocess.
processi ng unsorted wa{deta 3 ‘ e oni s needed. 30
Summary of the Invention _The present inventzon is directed to a
continuous process for converting materials containing
both fibrous and plastic fractions into composite
10 products. The material to be treated by the present
process (hereinafter referred to as the "intake

material™) may also contain some amount of organic
materials, such as foods, vegetation, vegetable oils,
etc. Preferably, the present process is used to
15 recycle or convert waste or residual industrial,
commercial or municipal material containing plastic
materials, fibrous materials and possibly organics
into composite structures.
An advantage of the present invention is
20 that, when used as a waste conversion method, the
present process can utilize all plastic, fibrous and
organic components of the waste and thus, only metals
need be sorted from the intake material prior to
treatment. Even waste which is presently considered
25 to be pollutants and environmental hazards, such as
fast food packaging and oil containers, does not have
to be separated or sorted from the intake material
prior to treatment with the present method. A further
advantage of the present process, whether used for
30 treatment of waste or other materials, is that organic
residues also need not be separated from the intake
material.
The present process allows for the use of a
combination of a variety of individual plastics and
35 fibers (and possibly organics) to create composite
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The present process for preparing conposite products from m xtures of

pl astic ngd,d,l.br ous mMat eri al s overcones the di ffl cuI t
convent %ﬁasl%g‘% e treatment nethods di scussed above. *ﬁ’é‘%@%ﬁw
with the present process, conposite

3 products are effectively prepaged wthout the ~ necessity
of sorting the intake nmaterial to renove fi bers or organics. Moreover,
the intake material may be bl ended with individual fractions of

pl astics or
' products with varying properties. In this regard, the

composition profile of the intake material is
] calculated and considered in combination with other
. ) material profiles which méty be combined with the
5 intake material to achieve a target composition. The
materials having a known statistical profile may then
be processed with the intake material to arrive at a
composite product having the desired profile. This
procedure is discussed in more detail below.

1o Moreover, unlike most conventional recycling
processes, the present method accepts the intake
materials in wet and/or oily éonditions, thus reducing
or eliminating the need for pre-drying of the intake
material. Pre-drying of the intake material is not

15 required due to the high temperatures and pressures
employed in the present process as described more
fully below.

Many varied materials may be effectively
treated with the present process. Typical waste or

20 scrap materials which may be recycled or converted
into a composite product with the present process are,
e.g., plastic containers (such as those for
detergents, margarine, yogurt, etc.), plastic shopping
bags, clothing, running shoes, battery cases, baler

25 twine, books and magazines, plywood, sawdust,
fiberglass, etc. The plastics fraction of the intake
material may conmprise materials containing, e.g.,
linear 1low density polyethylene, low density
polyethylene, high density polyethylene,

30 polypropylene, polystyrene and PVC. The fibrous
fraction of the intake material may comprise, e.q.,
paper, aluminum foil, sawdust, plywood, fiberglass,
cardboard, carpet and apparel fibers. Additionally,

=t the intake material may contain organics, such as

35 residues from food containers, and food wastes.
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5 fibers so as to achieve a target fornulation for-the final conposite

producty~ 3%, ki M nation of the need for sorting sinpl ﬁa‘@ﬁzlﬂﬁlﬁw
e

procedur e “and reduces the | abor cost involved in carrying out t
process, which in turn reduces the cost of the finished article. 10
According to the present invention, g conposite products may be
prepared frommaterials containing both plastic and fibrous fractions
by a process conprising first granulating and sizing the i nt ake
material. The sized material is heated in 15 three consecutive phases,

first at a tenperature Theuf fictake tmateriiale ashoulér ngenerwldyature <

W t hin t he l.al_ qf 0 - relF r re
sufficient to agﬁl g\%lel%aen%brﬁq%r hgaq %n%é?%?uéé V\neg‘ﬁlﬁ?i grergfhgngmgt %trhlléal of
about 250 to abpdes3igr fmactiam at Prefexaddiyperther éntake magexrigd achi eve.

an internal  comp@IRYUANE piaRiiR eI 1H 28 st 320 abutbout

400[ err]F. The material is continuously m xed during.the ree heat
phases. APt er 8&xt@ APMte 7ohived 9 ercent,qf; the ﬁé’%t"’@d‘#’&t ﬁ al is
co-extruded witigthe Antais tdterixi nf oraentibratsuaatiesalhd daetticon

fnal composi  SpPIAGGt Soebeley, 3B ¢ aretitn: 23, He ©¥bcit ' S0, B
preferably about 30 to about 40 weight percent of the
total weight of the intake material. If the intake

10 material further comprises organic materials, these
materials may be present in an amount of about 5 to
about 20, and preferably a maximum of about 10 weight
percent of the total weight of the intake material.

The process for preparing composite products

15 from a mnixture of plastic and fibrous materials
according to the present invention can best ble
described with reference to Fig. 1. The present
process comprises granulating the intake material
containing at least plastic and fibrous fractions 1;

20 sizing the granulated material 2; heating the material
in three consecutive phases-identified as 3, 4 and 5,
first at a temperature sufficient to achieve an
internal temperature within the material of about 215-
250°F (i.e., step 3), then at a temperature sufficient

25 to achieve an internal temperature within the material
of about 250 to about 320°F (i.e., step 4) and lastly
at a temperature sufficient to achieve an internal
temperature within the material of about 320 to about
400°F (i.e., step 5), wherein the material is

30 continuously mixed during the heat phases; co-
extruding the material with a suitable reinforcement
structure 7; forcing the material into a wvacuum
profile die system to form a product 8; and -cooling
the product 9.

35 . The granulation step 1 may be carried out by
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also directed to the use of @ conpr essi on nol di ng process to achieve a
-final progadagiseiosdhe present ~30 i nvention al so enconpassespgTpCRSRH6276 Or

preparing " conposite products frommaterial conprising a m xture

of. plastics, fibrous materials and organic material s. The present

i nvention is further directed to products 7 prepared by these processes.
35 Brief Description of the Draw ngs

4

conventional granulating devices which are known to be

utilized for cutting and re-grinding plastics and

fibers. For example, a typical granulator for use in

the present process will consist of knives mounted on

5 rotors which shear the intake material against knives

mounted on the interior wall of a cutting chamber.

Examples of appropriate granulators which may be used

in the present process are, e.g., Ball & Jewell

granulators manufactured by Sterling, Inc. of

10 Milwaukee, WI. The granulation continues in such a

manner and for a sufficient period of time to process

the intake material into fragments or particles of

appropriate size. Generally, the size of the

fragments or particles may be determined and

15 controlled by passing the granulated material through

an appropriate base screen, l.e., step 2 in Fig. 1.

However, the granulation and sizing steps 1 and 2 may

be combined and performed as one step. The material

should be sufficiently granulated so as to achieve

20 particles having a diameter of about 1/16 to about 1/2
and preferably about 1/8 inch.

After granulation, the intake material is
heated in three consecutive phases. The first heat
phase 3 comprises heating the granulated material at

25 a temperature sufficient to achieve an internal
temperature within the material of about 215 to about
250°F. Preferably, the material is heated at a
temperature sufficient to achieve an internal
temperature of about 220 to about 230°F. The

30 temperature of this first heat phase should be
sufficient to volatize and dehumidify water particles
within the intake material; dehydrate organic
particles within the intake material; and sterilize
and dectntaminate the intake material by destroying

35 certain existent bacteria or other microorganisms.
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Ftg. 1 shows the main steps of the process according to the present

I nvent i i d¥yopdexagr anmat i c form Fi'g. 2 | pCI/CAYROBETOC
cross-section of an 5 assenbly useful in carrying out the present process.
Detai |l ed Description of the Invention The present invention
is directed to a conti nuous process f8r converting materials containing
both fibrous and plastic fractions into conposite 10 products. The
material to be treated by the present process (hereinafter referred to
as the "intake material ") may al so contain sone anmount of aqrganic

mat erial s, such BRWeWEs, thegteappsatuyegénabhdsofiirst phase shmpkdaply,

_thg p[ e_Selnt Pr oGess HésUfthdctiQniiy_ﬁ_ﬁcﬁ)’?ﬂcﬁsﬁbs@ﬁf\t@hll?@ﬁéﬁtQillisﬁsitﬂua|

i ndustrial, - coney ci al , or, i cipal_.material, containing plastic

materials, fibr RAF NHTEFT a‘f%%’rfﬁ%&%i"%r%ﬁr&a' into conposite

structures. The acvand ajeabf phhsephesmmpriisesntheat ing 20

that, when ysed eaiﬁgks %%’l‘ég&%'lo'lxtrm& hodnpbPSture oY et OE§SS can
I'brous an org nts of t

utilize all plastic ani ¢ conpone e waste and
thus, only metalachieve prednserssittenperature withitetharrateripliof to

about 250 <to about 320°F, depending upon the
formulation. The internal temperature achieved in the

second heat phase should be sufficient to cause low
10 temperature polymers within the intake material
(particularly polyethylene particles) to melt, thereby
insuring the efficient coating of all fibers and
organics within the intake material.
The third heat phase 5 comprises heating the
15 material at a temperature sufficient to achieve an
internal temperature within the material of about 320
to about 400°F, dependent upon the formulation. The
internal temperature achieved in the third heat phase
should be sufficient to allow the fibrous fraction
20 within the material to maintain its solid state while
melting plastics having a higher maelting point
contained within the material. Such heating of the
intake material at pressures commonly used in
extruders and as further described below insures that
25 the higher temperature polymers completely melt and
fully encapsulate the fibers and contaminants
contained in the material.
Generally, each heat phase should be
maintained for a period of time sufficient to
30 accomplish the objectives for each discussed above.
Accordingly, different time periods for each heat
phase may be necessary or desirable depending upon the
specific profile of the intake. material being
processed and the properties of the materials. For
35 example, an intake material comprising a high
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treatment. Even waste which is presently considered 25 to be pollutants

and environnental hazards, such as fast food packagi'ng _and oi

cont ai neW® 9MBHW34not have ~ to be separated or sorted frBeT4EHS222%ke
mat eri al prior to treatnent with the present nethod. A further

advant age of the present process, whether used for 30 treatnment of waste
or other materials, is that organic resi dues al so need not be
separated fromthe intake mat eri al . The present process
allows for the use of a conmbi nation of a variety of individual

g'h?:t : gst ﬁgdr 2; %%@a%%ﬂ%ﬁﬂ%ﬁ&%%@) retn3re2he s£2BRAShbG L
Dat e: phase of shorter duration than one comprising a high
) percentage of PVC, since polyethylene has a lower
) average melting point. Thus, appropriate time periods
5 for each heat phase for particular intake materials
will be evident to one of ordinary skill in the art

from the present disclosure.
The intake material is continuously mixed
during the three heat phases. The method of mixing is
1io0 not limited to a particular type. However, the mixing

must be sufficient to ensure the uniform heating of

K

the entire intake material and the uniform coating of
the fibrous and organic fractions by the plastics
fraction. Generally, appropriate mixing speeds are
15 about 30 to about 75 rpm, but may vary dependent upon
the composition of the intake material as well as the
temperature and pressure at which it is being treated.

The heating and mixing of the intake
material may be carried out with any appropriate

20 equipment known to those skilled in the art, the use
of which will be evident to one skilled in the art
from the present disclosure. Examples of commercially
available, appropriate extruders are, e.g., Single
Screw Davis-Standard Extruders manufactured by Davis-

25 Std., Division of Crompton and Knowles Corp. of
Pawcatuck, CT.

After exiting the third heat phase, the
intake material has the properties of an emulsion of
polymeric material encapsulating or coating fibrous

30 material, organic materials and any other soliad
contaminants, as well as any existent compressed vapor
cells. In order to achieve a superior final composite
product, it is important that this encapsulation or
coating by the plastic fraction of the material be

35 achieved. In order to achieve the appropriate degree
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5- products wi th varying properties. In this regard, the

conposi tWOrP3pidB#1 e of the intake material is cal cul at eBCEHCARMRI7¥er ed
in conmbination with other material profiles which nay be conbined with
the 5 intake material to achieve a target conposition. The materi al s
havi ng a known statistical profile may théR be processed with the

I ntake material to arrive at a conposi te product having the desired
profile. This procedure is discussed in nore detail below 10

0 oLt L KeR PR EBRNSOLL AR L IGRIELNOS e RISy HRR GRS

met hod accepts tRe Th |t|
r educi ng or beahtnat(ngdtmmxxmgﬁiﬁhﬁsqﬁeb&hqpnﬁyQﬁtd:hedantahéfi-

material . Pre-dryiage®) hi h' g}z@ifsn&@ er{doaéeréél 3 t%dééuaféqﬂiﬁfﬁ dyggt o the

hi gh tenperatures and pres e_present proctess as
descri bed nore ¢€ompound of the materlal. Accordzngly, durlng heating

5 in each of the three heat phases, a pressure of about
2,000 to about 7,000 psi and preferably about 2,500 to
3,000 psi must be maintained. The maintenance of the
pressure within the above-noted ranges allows ona to
control the number and size of vapor cavities in the

10 material to target specific densities for the final
composite product. For example, the pressure may be
decreased and the material devolatized to result in
less vapor cavities in the final product. The
devolatization may be effected, e.g., by the use of a

15 barrel vent in the heating apparatus.

The process of the present invention further
comprises incorporating a reinforcement structure
within the material. The use of the reinforcement
structure improves the physical characteristics of the

20 composite product to meet engineering specifications
and allows minimum performance specifications to be
met. This provides a significant advantage over
conventional "plastic lumber" which cannot guarantee
minimum performance specifications due to the

25 variability of intake materials. Moreover, the
inclusion of the reinforcement structure within the
composite products combats the problem of "“creep"
which generally occurs in most plastics. Since the
reinforcement structures useful in the present

30 invention are encapsulated within the molten plastic-
containing mixture, which is a waterproof material,
the need for costly pre-treatment of the reinforcing
profile, such as galvanizing if the reinforcement
materia; is steel, is eliminated. *

35 The reinforcement structure is co-extruded
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fully bel ow Many varied materials may be effectively
~-treated WOP¥OH3hresent process. Typical waste or 20 scrapPGA{EAIHADER279

" which may be recycled or converted into a conposite product with the
present process are, e.g., plastic containers (such as those for
detergents, margarine, yogurt, etc.), plasﬁﬁc shoppi ng bags, cl othing,
runni ng shoes, battery cases, baler 25 tw ne, books and nagazines,
pl ywood, sawdust, fiberglass, etc. The plastics fraction of the

intake  mat ew@kﬁ e CEHPES Sl BT £ b A9 AN e hrersag rdde

llow density pol ene, ene

depsity pol yet ﬁ%PEﬁé the tﬁ(}ﬂ'@pw @rﬁ’@sepol §1'§1tiysr éﬁem%ted H%‘e

fi brous fracgtep o;f ihe dikt.ake, makeyd a&ewmc@émézh@est%u&ture is
paper., al um num f Qi

: car pet
and apparel fiber8¥€ ESHP gn§PF§r¥°r‘gephE?E%gBkEh?mﬁ%ﬁ?Eﬁ éiﬁk
organi cs, such aspBéssnrdzeédeschbrertiasilononitdirgts, aandréﬁﬁdhmate‘.b-—

extrusion and die unit assembly. The reinforcement
structure is introduced into the co-extrusion zone as
represented by step 13 in Fig. 1. It is preferred
that the reinforcement structure have an appropriate
10 computer-designed configuration or shape to maximize
the mechanical strength supplied thereby for a
particular end |use. Such computer-designed
configurations or shapes are well known to those in
the art and reinforcement structures having specific
15 configurations and shapes useful in the present
invention will be evident to one skilled in the art
from the present disclosure. Since such reinforcement
structures derive strength from the bends and curves
of the profile and not solely from the mass thereof,
20 it is possible to use a minimum amount of the
reinforcement material by weight to achieve a high
performance composite. The reinforcement structures
useful in the present process do not have a smooth
surface, but rather incorporate perforations,
25 indentations, flanges, etc., in order to achieve =a
strong mechanical bond with the composite material.
Many suitable materials may be employed as
reinforcement structures useful in the present
invention and thus, the present invention is not
30 limited to a particular material therefor. However,
examples of suitable materials useful as the
reinforcement structures are metal profiles, such as
steel wire; cold rolled steel; and aluminum.
After the co-extrusion of the rein.orcement
35 structure, the molten intake material containing the
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6" The intake material should generally conpri se
about WO 9ouizaut 80 wei ght percent of the pl astic fr ®IVOA92/00279
Preferably, the intake materi al conprises the plastic fraction in an
anount of ‘about 5 60 to about 70 wei ght percent of the total weight of
the intake material. The fibrous materi &2 fraction shoul d account for
about 20 to about 50, and preferably about 30 to about 40 wei ght
percent of the total weight of the intake material. If the intake 10

PR SE8,Of JBI SeBL 42l o B3, sFBLE L™, 00
of about 10 weipyhifile @iteceystenst ort osakingi g@htd of otthet ionh albE rmat eri al
final product, 1i.e., sBtep 8 in Fig. 1. Any
appropriate vacuum profile die systems or assemblies
5 known to those skilled in the art may be used for this
purpose. The dimensions of the vacuum profile die
systems used in the present process must be machined
to appropriate dimensions to produce a desired final
conposite product.

10 The vacuum profile die system is positioned
within a chilled vacuum tank. The vacuum profile die
system contains vacuum slots which create a high
pressure differential within the system itself,
thereby maintaining the extruded material in close

15 tolerance to the inner walls thereof. The vacuum
profile die system provides dimensional control to
counter normal material contraction and insures the
consistent dimensional quality of the final product.

The process thus far discussed can best be

20 described with reference to Fig. 2 which depicts an
useful assembly for carrying out the present process.
As can be seen in Fig. 2, the intake material enters
the assembly 10 at intake section 11 in direction of
arrow A. The intake material then enters the

25 horizontal barrel extruder 12 wherein it is heated and
mixed. Specifically, the material is heated in the
first, second and third heat phases 13, 14 and 15,
respectively, while continuously being mixed by
extruder screw 16. During the heat phases, excess gas

30 is allowed to exit the material through vents 17.

Once the heated material exits the extruder,
it arrives at the cross-head co-extrusion and die
assembly 18. It is at this point where the molten
composite material and the reinforcement structure are

35 co-extruded. The reinforcement material is fed along.
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The process for preparing cogposite products 15 froma mxture of plastic

--and fi br owO estoe034al s according to the present inventi on R&KCA92400DES
described with reference to Fig. 1. The present process conprises
granul ating the intake materi al containing at |east plastic and fibrous
fractions 1; 20 sizing the granulated matérd al 2; heating the material
In three consecutlve phases identified as 3, 4 and 5, first at a
tenperature sufficient to achi eve an internal terrperature wi thin the
materi al of about .215- t he er ature
sufficient 25 to 2clf Ve Jefhzéﬁ‘lt éi‘r‘]J Cttleo ‘%h‘f"h I %?%lﬁ’

of about 250 to alolols2ppefoiator. 20 amd emm) faambelrasul ylay optidnally
terrper ature suffi (Beegitnéﬂ: '&defé%
00| er r

t he
mat eri,al of about 32 ., ste VﬁEIﬁnthe
material is 30 cdhk ?ﬁJcRPsq%ﬁ: hee EowmKtmed H’tﬂtﬂé’eﬂ az;theﬁofed

extruding the grat aid & vdddur? préfiald %f@'d}fﬁé&ﬁ@z"tfor foShA tToNT 6 /a
forcing the material jnto a vacuum profile die systemto forma

product 8; and cod Ct.  the product 9. 35 ' The granul ation
step 1 nmay be carried out byafter exiting the vacuum profile die systenm,

the material then must be cooled to an internal
temperature of about 55° to about 70°F. This cooling
10 step is represented by step 9 in Fig. 1. The present
composites carry enormous heat loads which must be
extracted efficiently and quickly in order to insure
quality shape, dimensional stability and to maintain
good throughput production speeds. Generally, the
15 product may be cooled in any appropriate manner known
to those skilled in the art and the present process is
not limited to any single cooling method. However, it
is preferred that mist spray cooling tanks be employed
as the method of cooling the composite product of the

20 present process. :
Alternatively, or in addition thereto,
secondary cooling may be accomplished through the use
of cooling tanks and chambers dincorporating a
turbulent water system connected to recycling
25 chillers. The mist spray or turbulent water flow
within the cooling tanks significantly increases the
rate of heat transfer from the heated product. Aan
additional supplementary cooling method useful in the
present process incorporates the use of an overnight
30 holding cooling tank with sized racks or jigs to
support the dimensional quality of the material and to
prevent plastic %“creep"™ during the cooling period
until the internal temperature of the material is
sufficiently reduced and stabilized. The material is
35 maintained in this manner until =a temperature
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7 - conventlonal granul ati ng devi ces which are known to be
utlllzeg, 6$;|ng and re-grinding plastics and J flbeF?T 52/
a typlcal gran a CONST S

tor for use in the present process w

| e,

kni ves nmounted on 5 rotors which shear the intake material against knives
mounted on the interior wall of a cutti nguchanber. Exanpl es of

appropriate granul ators which may be use
e.g., Ball & Jewell granul ators manufactured by Sterling, Inc.
10 M I waukeé,

10

15

20 -

25

30

35

W. The granul ation continues in such a
equilibrium is reached throughout the product. Once

the final composite product is cooled, it is ready for
use. The products produced by the process described
above may be used for numerous applications, such as
industrial posts, beams and columns used in
construction, etc. The composite products prepared in
accordance with the present method have physical
properties similar or superior to hardwood. For
example, the composite products may be cut with
conventional woodcutting equipment to high tolerances,
sawed, nailed and exhibit great holding properties
with wood screws. Moreover, the composite structures
may also be processed on metal machinery and
demonstrate high tolerances similar to high
performance machinery plastics, such as nylon.

As an alternative to the vacuum profile die
system described above, the material exiting the third
heat phase may be treated with a compression molding
process to form the desired final product. The
compression molding process is represented by steps
10, 11 and ‘12 in PFig. 1. Compression molding
addresses the problems caused by the extended heat and
chill cycles of the present process. In comparison to
conventional processes, the heat and chill cycles of
the present method may be intensified or lengthened
since the intake material may comprise thermoplastics
(such as HDPE) as the polymeric fraction while
recycled thermosets (such as acrylics) may be included
in the intake material as the fibrous fraction. Thus,
the extended time required to heat the present
thermoplastic-based composite in preparation for the
compression molding process requires external pre-
heating to overcome the costly alternative of extended
cycling time using conventional - compression
technology. Thus, it is preferable that the
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manner and for a sufficient period of tine to process the intake
material into fragnents or particles of appropriate sjze. Ceneral ly,

_.the sizg\, Q /01t0 fragménts or particles may be determgef 8¢ odPre
controll edoby passing the granul ated material through an appropriate

base screen, i.e., step 2 in Fig. 1. However, the granul ation and
sizing steps 1 and 2 may be conbi ned axpg perforned as one step. The
mat eri al shoul d be sufficiently granulated so as to achi eve 20
particles having a dianeter of about 1/16 to about 1/2 and preferably
about 1/8 inch. After granulation, the intake material is
heated in three comspressyenphakdbing Hrodéssidireaitly fopbaaetﬁecﬂm‘d ses

o ndernal O BEAE PERLET 86, Blatnd drHASSINY PonBhbOLR pe ETT ©V©
250. [err]F. Pr éﬂ@t@biyl thee nmay iinterpafictemperature of abeﬁﬁeii%ﬂ‘tﬁe
suffictient to aChlt&Vfb@‘F) fltsehﬁﬁhtainedtﬁﬂﬁﬁw %omgou@xlaoﬂk i@&@rﬁé’d about
230[err] F. The erature of | rst as shou d
suf.ficient tc vol Qe%gﬁd CRMRRRSH ¥R vﬁ?%é paPPY(iPE%’Qg t?’e\m’ﬁﬁ ‘f’ﬁe
i ntake materi al ;cosehydreheatingani c particles within the intake
material; and sterilize The compression molding process used in the
present invention generally employs cold molds. The
use of cold molds is advantageous in view of the
10 extended heat cycle reguired <for the present
thermoplastic~based composites described -above.
Problems relating to the heat and chill cycles are
compounded by the thick wall and large mass of certain
products produced by the present process. The use of
15 cold molds as well as the chilling process is thus
critical, both in terms of efficiency in removing heat
from the product and the maintenance of dimensional
stability and product shape.
In the present compression molding process,
20 the hot composite material exiting the third heat
phase, which has a dough~like consistency, is placed
in a cold cavity die (step 10). Preferably, the
cavity dies are not permanently affixed to the platens
of the compression machine. The cavity die should
25 have an extended throat which provides enough loading
space for the loose, hot composite compound, the
insertion of the male plug and the distance needed to
retain the material as it is compressed within the
mold by the closing action of the press. The vertical
30 entry of the cavity mold should be designed with a
tight clearance tolerance for the plug (e.g., about
.003 to .010 inches) to restrict the outflow of the
compressed composite compound as it is subjected to
high pressure while the mold is closed. 'The external
35 construction of the mold must be designed to withstand
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and decontam nate the intake material by destroying 35 certain existent
bacteri ) r m croorgani Sns. MHoweve
t enpera gg’@/?@g?hl s first phase should not be suffici ehg{fg‘ﬁ?zéwzg%

substantially nelt plastic particles within the intake material.

The second heat phase 4 conprises heatingg5 the intake material at a
tenperature sufficient to achieve an internal tenperature within the
mat eri al of about 250 to about 320[err]F, depending upon the

the range of pressure (i.e., 2,000 to 7,000 psi)
impacting on the composite material contained therein.
Unlike conventional practice, the compression molding
process useful in the present invention employs a
5 number of didentical molds used in a continuous
process. Moreover, both the cavity dies and the plugs
are independent of the press platens.
The compression molding process is carried
out in the following manner. The hot material exiting
10 the third heat phase is first placed into the loading
space of the cavity die (step 10) and the plug is then
inserted in the top of the die (step 11). This two
part mold is then placed in position on the bottom
platen of the press and the upper platen is lowered on
15 the extended neck of the plug, descended to the limit
of the pressure cycle and then raised (step 12).
Before the platen is raised, the two-part mold is
locked together, e.g., with mechanical tension clamps,
80 that pressure remains after the platen is raised.
20 Since there is no requirement to either heat
or cool the material while in the platen area, the
pressure cycle can rapidly occur and production rates
may reach about 5 seconds. This cycling time is much
faster than conventional hot molding systems and
25 results in an increased production efficiency.
Moreover, in commercial production systems employing
the present invention, robotic units may be incor-
porated to automate the filling of the molds and the
high speed insertion and ejection of the molds from
30 the platen press area.
After removal from the press area, the molds
containing the composite material are cooled (step 9)
to reduce. the temperature of the molds and the
composite aateriai to the product removal target
35 temperature. The appropriate removal temperature is
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formul ation. The internal tdnperature achieved in the 'second. heat _phase
~ shoul d bWQ83461834nt to causé | ow 10 tenperature pol yners PGl/CA9% 003 e

i ntake materi al (particularly polyethylene-particles) to nelt,

t her eby insuring the efficient coating of all fibers and or gani cs

within the intake material . e third heat phase 5 conprises

heating the 15 wmaterial at a tenperature sufficient to achieve an

internal tenperature within the material of about 320 t o about

400[err] F, dependgpit un@nidhe $LIulA1i60. dHe prodbter Ngd SAPREA{NTe
achieved in the thjrd heat phase_ shoul d be sufficient to_allow the
fibrous fraction SHReRFienal  fEakddditys once nkemeyied | F50—othe - whil e

malt_ti _ngI pl "é,St Ihcﬁ h?yé ngt?e[l'ﬁgbebpmhfiaﬂg-ewva' by tlem;farate.ixrwcbml hitﬂrjzlhe
mat eri al . Suc eating.,o e i nt ake erial _a ressures, C nly
used in extrtfg%?%g%mt a@?ﬁr%%rcmg%gf%%ﬂn bRf oé*gnEﬁéﬁgf?%a nggog t he
hi gher tenperat unpErooessed s dHowevetel generaldy] the proldugt shoupdubat e
the fibers and ' S ' ' h | ok o
Ceneral ly, each h%% pﬁar%sg S o{] %eﬁggf%éﬁngiéﬁ?%%\%dgfg?gg&gé?odggfFfi me

sufficient to 30 Aaddodf Peinghecsbedetthie sadiraldaa &h ffotae

composite formulation reduces the pressure inside the
mold and assists in the removal of the product from

10 the mold. The cooling step may be conducted by any
appropriate cooling means evident to one skilled in

the art from the present disclosure, such as those
discussed above. At the end of the cooling step, the
molds are opened and the product removed. After

15 removal of the product, the molds may then be re-
routed back to the pre-staging area for another cycle.

The compression molding process may be used

with the extruder assembly 12 depicted in Fig. 2.
However, when the compression process is used, the

20 nmaterial exiting the extruder will be fed directly
into the compression die assembly and not the
crosslinked co-extrusion and die assembly as depicted.

When the compression wmolding process

described above is employed in the present method,

25 generally, a metal reinforcement profile need not be
added in order to achieve a final product having
excellent properties and which meets engineering
specifications. However, if desired, pieces of metal,
stone, abrasives, sand or other materials which will

30 provide a2 reinforcement surface or abrasive function
to the composite product may be added at the same time

the extruded material is added to the cavity dies or

may be added in a two-stage laminate-type process as
described belav Alternatively, pieces of metal or

35 other appropriate material may be incorporated into
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Accordingly, different tinme periods for each heat y

phase may be

necessagp ﬁlbg@i rabl e dependi ng upon the specific prof,blrgcgh,b@gfs

i nt ake nmateri

bei ng processed and the properties of the materia

For 35 exanple, an intake material conprising a high

percent age of pol yethylene may require ajgecond heat

phase of shorter

duration than one conprising a high percentage of PVC, since
pol yet hyl ene has a | ower average nelting point. Thus, appropriate tine
peri ods

10

15

20

25

30

35

the product by such a two-stage process to provide an
interlocking function between two separate products.
This material then goes through the cycle described
above.

The use of the compression molding process
also allows for the preparation of a laminate-type
final product. Specifically, a smaller amount (i.e.,
less than the amount necessary to £ill the cavity die)
of the intake material may be added to the cavity die
and pressed in the manner described above. Prior to
cooling, additional material may be added to the
cavity die on top of the pressed material, pressed
again, and then cooled in the manner described above.
The second batch of material should be treated in
accordance with the present process (i.e., treated
with the three heat phases) 1f it is a composite
material. If the additional material is a pure
thermoplastic formulation, it should be heated to a
temperature sufficient to achieve an internal
temperature within the material of about 320-400°F.
The advantage of such a laminate-type or layered
structure is that materials having known properties
may be added to the intake material in order to form
a final product having an outer surface or layer with
desired properties and characteristics.

Products prepared with the present process
employing compression molding have compression
properties superior to those of hardwood, impact
properties superior to ceramics and concrete and can
be machined with conventional wood and metal
processing equipment. These products may be used for
numerous applications, such as bricks, tiles,
horticultural containers, etc.

Due to their fiber content, the composite
products prepared in accordance with the present
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5  for each heat phase for particular intake materials wi |l be evident
to one of ordinary skill in the art fromthe present djsclosure.

~-The i nt alkgowaverozal is continuously m xed during the thpreg/tws/00279
phases. The nmethod of mxing is 10 not limted to a particular type.
However, the m xing must be sufficient to ensure the uniform heating of
the entire intake material and the uniforni8oati ng of the fibrous and
organic fractions by the plastics fraction. Generally, appropriate

m Xi ng speeds are 15 about 30 to about 75 rpm but may vary dependent

upon the conposition of ,the intake material as well as the
tenmperature and pPERSEPE SKDIRLENSPPEFiOFcFRFiLigAFRJIN Ccold tempera- Tpe

heati hg and m xi nguﬁé tdpl idatkions. NHbeebabratie anpc@iﬁhﬂ wireh any
appropriate 20 nent kno%/q_to t hose_ski II {i?l n the the

e
of ‘b ch will be SUreERTOPS oo BREPATEREFp Vhddl Frorine Sru%Eent
di scl osure. Exanpeay kf foumitlatied sp as toamaintdire a S{:ppy@mtl specdfticuders

are, e.g., Siagl itvCES ruders manuf actured by
Davis- 25  Std. egrﬁ’wglgnwo?il&é %gnﬂg%gi%%w es Corp

Pawcat uck, CT. TheAfftlaalemw%dﬁ herﬁnpredheien pﬁ&gé‘dam@
with the present invention may, after cooling, be

coated with numerous materials as regquired for a
particular use. For example, the product may be
10 coated with coloring agents, such as iron oxides, or
ultraviolet light absorbents, such as carbon black or
titanium dioxide. An example of an appropriate method
of coating 4is co-extrusion utilizing a cap-stock
polymer formulation. Moreover, the final product may
15 be subjected to ionizing radiation from high energy
electron accelerators to crosslink molecules within
the plastic in order to provide a final composite
product with improved mechanical properties. Examples
of applicable crosslinking processes are, e.g., those
20 used by Radiation Dynamics Inc. of Melville, NY.

It is preferred that the present process be
carried out as a continuous linear production process,
although the present process is not limited thereto.
Such a procedure offers high production throughput,

25 lower maintenance and superior quality control in
comparison to conventional batch processing
technologies. The continuous processing operation
also allows for greater control of the pressure,
temperature and dimensional stability as the material

30 moves through the various processing stages.
Moreover, the continuous production process provides
a further advantage in that the processed materials
will have an unlimited length potential.

Alternatively, the present process may be

35 conducted in stages wherein the granulated and sized
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intake material has the properties of an enul sion of pol ymeric

mat eri al encapsul ating or coating fibrous 30 matertal, organic materials
and A¥Q 93{¥iéB4sol i d contam nants, as well as any exPGT/A92/00279r essed
vapor cells. In order to achieve a superior final conposite

product, it is inportant that this encapsul ation or coating by the
plastic fraction of the material be 35 <28chi eved. I'n order to achieve the
appropri ate degree 10 of

encapsul ation or coating, it is necessary that the
material is treated with the first two heat stages and
is then stored for 1later processing. This is
represented by step 6 in Fig. 1. When it is desired
to complete the processing, the material need only be
5 heated to the temperatures required in the third heat
phase and mixed as described above. Once the internal
temperature is brought to that of the third heat
phase, the material is ready for the vacuum profile
die or compression molding stage. The granulated and

10 sized particles may be stored for an indefinite time
period before being further processed. This allows
for regional processing of the first stage of the
present process with later, final processing in a
centralized facility.

15 As discussed above, the intake material
which is treated by the present process need not be
sorted and no materials or contaminants need be
renoved therefronm. Instead, a statistical average
profile of the intake material is developed detailing

20 its composition and specific weight percentage of the
different fractions contained therein. For example,
a profile of the intake material may be taken in order
to determine the percentage of plastics, fibers and
crganics contained therein. The statistical profile

25 may be conducted by first sorting a defined portion of
the total material. The profile of the portion is
then taken and the amounts of each fraction in the
portion are weighed. These amounts are extrapolated
to determine the total amount of each fraction in the

30 total intake material.

If the desired composition of the final
composite product does not match that of the
statistical profile, an excess of the needed materials
may be added to the intake material prior to

35 processing by the present method in order to obtain a
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heati ng (and m xi ng) phases be conducted under suffi-
pressurgy

ciently high

R1634 € adequat eni xi ng and conpound of t he prat/eaodtoo279

93,
Accordln(? during heating 5 in each of the three heat phases, a pressure

of about 2,000 to about 7,000 psi and preferably about 2,500 to

pressure within
t he above-noted ranges allows one to control the nunber and s
vapor cavities in the 10 material to target specific densities for the
final conposi te product. For exanple, the pressure may be
and t he mat eri alfidealol aompedite peoducti thaving etbevdesiredvipretileén t he

final product. c'gg551tl vo&gtksgglggngg¥ bghgfégﬁﬁggltfb£)1ﬁ§y

3,000 psi nust be maintai ned. The mai ntenance of the

of a 15 barrel I n e heating apparatu

i ze of

decr eased

1ide use

process of

the.present invé&fti #p¢hrthetake Bapprisds mAYor B atdigFid atéchf okRenent
structure Widdipl fats s Etiidlothethaatee iall phesitesl 06 CetRDéve a

broduct Lo Mhet SARATAMRPRIATT TS Procrped o FARRTnE
performance spesietilcat itanform Aefinal nedmpos e prodndtdesIa srgerftaant
advant age over opeGNVERLIAR3L. "BLASLAELUIOGE WOEER1RAUGipShERES! o

m ni mum per f or rance “spe cafico doe
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within the composite product, commonly available
industrial residues comprising the desired materials
may be incorporated within the intake material. For
example, milk bottles may be used to provide a high
percentage of HDPE.

For example, a final product having a
minimum of 50 percent high density polyethylene may be
targeted. If the intake material does not contain the
necessary percentage of polyethylene, the desired
composition profile may be obtained in the final
product by combining various granulated fractions
containing high percentages of polyethylene (such as
plastic milk bottles) with the intake material. This
nixture is then treated with the present process. In
this manner, a final composite having a specific,
desired composition may be obtained. Moreover, the
present process may be used with materials having
known plastic and fibrous fractions in order to obtain
a final product having a known, desired statistical
profile.

By controlling the composition of the intake
material in such a manner, the composition of the
final composite product can be controlled. Thus, the
present method allows one to target and obtain
specific, desired performance specifications.

The present invention will now Dbe
illustrated with reference to the following specific
example.

Sheet Has Been Replaced

T




25 wvariability of intake materials. Mor eover, the I ncl usi on of

the reinforcenent structure within the conposite pro :(&t gg@ﬁts t he
pr obl eM%P“‘"&%‘%p" whi ch generally occurs in nost pl ’?é. Pe the
rei nforcenent structures useful in the present 30 invention are

encapsul ated within the nolten plastic- containing mxture, which is a
wat er proof materi al, the need for costly pre-treatnent of the

rei nforcing profile, such as galvanizing if the reinforcenent

material is steel, is elimnated. 35 The reinforcement structure
I S co-extruded on Example

A target product (industrial chain 1link
fence posts) and the corresponding plastic/fiber
composite formulation were selected. The formula was

5 designed to achieve a statistical average comprising
60% of the plastic fraction, of which about 50% is
polyethylene thermoplastics, and 40% of the fibrous
fraction comprising paper packaging and clothing.

40% by weight of the plastic fraction was

10 comprised of damaged HDPE soft drink bottle carrying
cases. An additional 20% by weight of the plastics
fraction was obtained in the form of mixed waste
plastics collected and baled by a municipal recycling
program, which statistically contains about 2/3

15 polyethylene. This recycled plastic comprised a
random mix of all types of household plastic which
vere not sorted or cleaned. These two above sources
of plastic waste comprised the polymer fraction of the
composite.

20 The fiber fraction came from discarded
clothing (25%) comprising a random mix of textile
fibers including cotton, wool and polyester blends.
The remaining 15% was sourced from mixed waste papers
obtained from curbside recycling programs comprising

25 items such as cereal and detergent boxes, colored
glossy brochures, wax papers and gift wrap.

Each of the above separate fractions were
conveyed to an industrial Ball & Jewell granulator
manufactured by Sterling Inc. of Milwaukee, WI. The

30 material was sequentially granulated and screened into
fine particles (less than 1/4%).

The granulated fractions were conveyed and
weighed (in this case, 40,20,25 and 15 percent) and
placed in an industrial ribbon blender. The material

35 was mixed for approximately 5 minutes until a
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wth the intake material after the intake material has |, exited the third

heat phase. _This is represented as step 7 in Fig. 1. T, i ment
st r uct uMg093/01034 preferably incorporated within the intake ﬁngfécﬁgg{o(a%?%

pressuri zed co-extrusion through a cross-head co- extrusion and die
unit assenbly. The reinforcenent strugfure is introduced into the
co-extrusion zone as represented by step 13 in Fig. 1. It is preferred
that the reinforcenment structure have an appropriate 10 conputer-designed
configuration or shape to maxi m ze t he nechani cal strength supplied
thereby for a honsgdrncud atiixtire wee.obtaind&lich conputer-desi gned
configurations or shapes e well_ kphown.to e in th
rei nforcenent structures ﬁ‘é&? n%r?b‘ég?'ﬁ% i%é h%%%?‘?%%r%?mﬁgaégéﬁa‘g%%pes
usef.ul in the preserttransfeérmeshtticom hioppelye aboivéctihet dntakeskprtedfin t he
ar t from the pf egpah Braphbesi! S1ng1RCGCHAN HRAIMCURY a 24:1
structures derive strgn tgk?rg%the Bén%s and curves 0 th?a profile and
not solely f%omk4fe Fkdor neFrermaterial wasppxtraded 8tyd@ PR fREm
'arm]gmt of the ¢hd %iﬁ%\PQﬁ%e}jﬂﬂ@é Hortroly Welrel setCRiteys0a Pogh
per for mance comosy 1 &35 dNgnaCh kO Falierdy Ut UfCernal temperature

within the formulation of about 220°F in the first

heat phase and about 320°F in the second heat phase.

10 When treated in this manner, the blending of the

material is improved, as the barrel temperature and_

Pl

the increased compression created by the screw design

melts the polyethylene particles thus encapsulating

the fibrous fraction and particles of high temperature
15 plastics.

In this example, the extrusion process was
performed into two stages. In the first stage
described above, the extruder was not connected to the
co-extrusion reinforcing chamber of the vacuum sizing

20. unit. The material was allowed to exit directly from
the extruder barrel into open atmosphere where the
melted and blended mixture was decompressed and the
water vapor and other gases were suctioned away for
environmental processing. This devolatization removed

25 moisture that was not removed from the composite
formulation at the beginning of the process. The
melted and blended formulation was then stored for 1
day, reheated and subjected to further mixing and
compression in a second extrusion process employing

30 this same extruder as identified above with the barrel
temperature set at 350°F, to achieve an internal
temperature within the material of about 325°F (i.e.,
the third heat phase). As the heated composite
mixture exited from the high compression extruder, it

35 entered a coextrusion unit comprising a combined
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useful in the present process do not have a snooth surface, but

rather incorporate perforations, 25 indentations; flanges, etc., in
order W ashiigye a strong mechani cal bond with-the copgaschergui®rial .
Many suitable materials nay be enpl oyed as Fei nforcenent structures
useful in the present i nvention and thus, the present invention is not
30 limted to a particular material the4efor. However, exanpl es of
suitable materials useful as the rei nforcenment structures are netal
profiles, such as steel wire; cold rolled steel; and al um num

After the co-extrusion of the reinforcenent 35 tructure the nolten
i nt ake nate”éﬂCQRﬁﬁzﬂ?ﬂ%gbgﬁgk and profile shape die unit. The

composition mixture then expanded in the co-extrusion
zone and encapsulated a 20 inch cold-rolled perforated
steel profile reinforcing member, and then was drawn
5 down to the precision calibrated entry port of the
vacuum sizer. The coextrusion unit was connected to
a custom engineered 3 inch round channel vacuum sizer
system operating at a vacuum of approximately 1.5 psi
(0.1 atm). The combination of the internal pressure
10 in the composite mixture and the suction created by
the vacuum sizer held the plastic material against the
walls of the polished steel die as it continuously
moved through the vacuum sizer and cooling tank. The
cooling tank had a length of approximately 10 £t. The
15 cooling tank incorporated recycled chilled water flow
to cool the material. As the composite extfusion
cooled and hardened from the plastic surface inwards,
it maintained the specified dimensions and avoided the
problem of shrinkage common in all "plastic lumber®

20 closed mold systems.

The extrusion then moved into a second
cooling tank having a length of about 15 ft. which was
not under vacuum. After exiting the second cooling
tank, the material entered a tractor/puller, which

25 functioned to maintain a constant pulling force on the
entire extrusion 1length to balance the "pushing"
- effect of the extruder screw. The extrusion continued
through the puller unit and entered a custom-built
automatic cut-off saw to produce products of pre-
30 selected lengths.

The process of this example may be modified
as needed for desired commercial production. For
example, the two stage process described above may k=
integrated into one longer extruder with multiple.

35 stage screw design and a 1/d ratio of up to 38:1 (on
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12 rei nforcenent structure is then forced into vacuum profile
die systens for sizing and fqrmation of a final product, 1i.e., step

-8 in Figyo93/1034 Any appropriate vacuum profile di & sy¥HEreEA08/00279
assenblies 5 known to those skilled in the art may be used for this

purpose. The di nensions of the vacuumprofile die systens used in the
present process nust be machi ned to ap@®priate di nensions to produce a
desired final conposite product. 10 The vacuum profile die
systemis positioned within a chilled vacuum tank. The vacuum profile
di e system cont ai ns vacuum sl ots which create_a high ressure
differential withith thé'sySidmetese| pcrev) .t heSMUGR n@Pnt @XRYYREY havld r uded

material in cl ose dénet®l By ad¢Rdrpdratel Naeiderdllat 43R - and TREast@@hium
profile die system provides dinensional,_contr counter nor.nal

|
material contract TR PhsuPEEERe att st %t e TR y of

the final product.scrubber. The process thus far discussed can best be

' 5 Moreover, it should be noted that if the

above formulation was modified and the main plastic

fraction was substituted with a plastic fraction

containing a high percentage of residual oils, such as

that found in engine oil or vegetable oil packaging,

10 it would be necessary to include in the formula at

least 15% absorbent fibers such as newspaper or

telephone book cellulose fibers to soak up the oil

clinging to the plastic surfaces. This would allow

the o0ils to be consistently blended in the extruder

15 where it would be partially volatized and egually

suspended throughout the composite mixture, yielding

an acceptable product applicable for construction

materials. If no absorbent fibers were used in such

a situation, the o0il residuals would partially

20 separate and drain to the bottom of the extruder

barrel, finally exiting in liquid form from the

extruder, adversely impacting the subsegquent vacuum

forming stage.

The present invention may be embodied in

25 other specific forms without departing from the spirit

or essential attributes thereof and, accordingly,

reference should be made to the appended claims,

rather than to the foregoing specification, as
indicating the scope of the invention.

This Sheet Has Been Replaced
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20 described with refierence to Fig. 2 which depictg an usef ul

for caw@PaP1ada the present process.

assenbly

As can be” seen iFCHICA92D021%e

i ntake material enters the assenbly 10 at intake section 11 in

di rection of arrow A The intake material then enters the 25
hori zont al ThaGhel HaeR eq2 wherein it26s heated and i xed.
Specifically \ Is heated in the first, second and third
heat phases respectively, while continuously being

m X
MImmdtoem
heated materi a
co-extrusion a
nol t en

co- ext ruded.
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extruder screw 16. Duri g %hg heat phases, excess gas
t the material through- 7 Once

30 is
t he

| exits t heL £xt raildgsrocess ifon'r rpresaning hecatipssithead

#%TSIte na %FHE%gﬁ% mak& ﬁlanEE%§s?Ré % ﬂ!§¥&§

erla an ereln OI‘CEITE ure are

Te rlaskin anfbrfibrews ivatesidkceppnising:
granulating said material;

sizing said granulated material;

heating said material in three consecutive
phases, first at a temperature sufficient to achieve
an internal temperature within the material of about
215 to 250°F, then at a temperature sufficient to
achieve an internal temperature within the material of
about 250 to 320°F and then at a temperature
sufficient to achieve an internal temperature within
the materjal of about 320 to 400°F, wherein said
material is mixed during said phases;

co-extruding said material with a
reinforcement structure;

forcing said material into vacuum profile
dies to form a product; and

cooling said product.

2. A process as in claim 1, wherein said
process is continuous.

3. A process as in claim 1, wherein said
intake material comprises about 50 to 80 weight
percent of said plastic.

4. A process as in claim 1, wherein said
intake material comprises a plastic selected from the
group consisting essentially of linear low density
polyethylene, low density polyethylene, high density
polyethylene, polypropylene, polystyrene and PVC.

5. A process as in claim 4, wherein said
intake material comprises high density polyethylene.

6. A process as in claim 1, wherein said
intake comprises about 20 to about 50 weight percent
of said fibrous material.

A

he
35
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9 inthe direction of arrow B to the asse A hol e

- perforat %?5240%5% roll fornkr 21 may optionally be i ncI u ﬁg @A"bzpifb%; eed

extru5|on SqPlace, the co-extruded materia

t
0 a\yV |e system 22 for formation of a
“ﬁ the v J;uum profile die system
st be terna tenperature of about

t he

70[err]F This cooling 10 step is represented by step 9
resent conposites carry enornous heat | oads which nust

e% stabi ity and to nalnt od throu

1P Qi maire ) 53 FRARCBed £ron 34 dral e OB sPIRY

¢ D palpess sRukliedn fioihe sawdustd, plywncekefiibprgtass,is

Warpd¥! c&0@bi 40 "BAE EppdPUEVE pett.

8. A process as in claim 1, wherein said
granulated material has a particle size diameter of
about 1/16 to 1/2 inch after sizing.

9. A process as in claim 1, wherein said
material is heated under a pressure of about 2,000 to
7,000 psi.

10. A process as in claim 1, further
comprising making a statistical profile of said intake
material prior to granulating said material.

11. A process as in claim 1, wherein said
intake material further comprises organic material.

12. A process as in claim 11, wherein said
intake material comprises about 5 to 20 weight percent
of said organic material.

13. A process as in claim 1, further
comprising coating said final product.

14. A process as in claim 13, wherein said
product is coated with a coloring agent.

15. A process as in claim 13, wherein said
product is coated with an ultraviolet light absorbent.

16. A process as Jin claim 1, further
comprising treating said final product with radiation.

17. A process as in claim 1, further
comprising making a statistical profile of said
plastic and fibrous material prior to granulating said
material. .

18. A conmposite product prepared by the
process comprising:

granulating said material;

sizing said granulated material;

heating said material in three consecutive

LU



is preferred that m st spray cooling tanks be enpl pyed as the method of
cool i np05|te product of the 20 present ocessy,
Alte ‘%33\?@!‘\? ThiD's BN RL r? Lgto, secondary coOFP(éfwr%ts&n279

acconpl i shed throu of cooling tanks and chanbers

i ncorporating a j IL ter sygtem connected to recycling 25
chillers. The m bul ent water flow wi thin the cooling
tanks significantly increases the rate of heat transfer fromthe

heat ed product. An addi ti onal supplenmentary cooling nmethod useful in
the pr esphhsRkQCEIiFsitNadr ROkeNPS rat@res eutlt ieieatetd gehide hol ding

I tank wt d Kk t .t I
qual i1y of 't hEnrAPBeF AR L teupgTattr S i nin shacRREeripdop? AEPLKG he
cool ing period15 touhﬁOPFth&hemexmah ttemprenatiure osufitchenertal is
sufficiently L‘éﬂ?‘é‘%@ éﬂdifﬁé&t}kéit Zt%%perlb;ﬁféa{e%h% Lie It ggned I N

this manner
5 about 250 to 320°F and then at a temperature

sufficient to achieve an internal temperature within
the material of about 320 to 400°F, wherein said
material is mixed during said heating phases;
co-extruding said material with a
10 reinforcement structure;
forcing said material into vacuum profile
dies to form a product; and
cooling said product.
19. A process for preparing composite
15 products from an intake material comprising:
granulating said material;
sizing said granulated material;
heating said material in three consecutive
phases, first at a temperature sufficient to achieve
20 an internal temperature within the material of about
215 to 250°F, then at a temperature sufficient to
achieve an internal temperature within the material of
about 250 to 320°F and then at a temperature
sufficient to achieve an internal temperature within
25 the material of about 320 to 400°F, wherein said
material is mixed during said heating phases;
forcing said material into a compression
cavity die;
inserting a meld plug into said compression
30 cavity die;
pressing the plug and die for a period of
time sufficient to form a product; and
cooling said product.
20. A process as in claim 19, wherein said
35 intake material comprises about 50 to 80 weight

A




14 equilibriumis reached throughout the product. Once t he
final conposite product is cooled, it is ready for juse. The products

pr oducagoms/eid4pr oce sorl bed, cq above may be used fprTRONRN/00059
appl i cations, such % SR G e I al posts, beams and colums used
in constructi on,

|

Ul“&% osite products prepared in accordance
with the present net cal 29properties simlar or superior to
har dwood. For exanpl e, the conposite products may be cut with 10

conventional woodcutting equi pment to high tol erances, sawed, nail ed
and exhi bit great holdln% properties w th wood screws. Moreover, the
conposi te strucPgregnt o nﬁ?lélﬁéaﬁélﬁrocessed on netal machinery and

demonstrate high tolerapges a pi8bbas aéOin IHin A9 pehedeimnea i@@chi nery

-plastlcs, such as n*e material comprises a plastic selected from the

group consisting essentially of linear low density

5 polyethylene, low density polyethylene, high density
polyethylene, polypropylene, polystyrene and PVC.

22. A process as in claim 21, wherein said
intake material comprises high density polyethylene.

23. A process as in claim 19, wherein saiad

i0 intake comprises about 20 to about 50 weight percent
of said fibrous material.

24. A process as in claim 19, wherein said
fibrous material is selected from the group consisting
of paper, aluminum foil, sawdust, plywood, fiberglass,

15 carpet, cardboard and apparel fibers.

25. A process as in claim 19, wherein said
granulated maferial has a particle size diameter of
about 1/16 to 1/2 inch after sizing.

26. A process as in claim 19, wherein said

20 material is heated under a pressure of about 2,000 to
7,000 psi.

27. A process as in claim 19, wherein said
intake material further comprises organic material.

28. A process as in claim 27, wherein said

25 intake material comprises about 5 to 20 weight percent
of said organic material.

29. A process as in claim 19, further
comprising coating said final product.

30. A process as in claim 29, wherein said

... 30 product is coated with a coloring agent.
31. A process as in claim 29, wherein saia
product is coated with an ultraviolet light absorbent.
32. A process as in claim 19, further
comprising treating said final product with radiation.
35 - 33. A process as in claim 19, further

o



As an alternative to the vacuumprofile die system descri bed above, the

naterig&)&ﬁhyhgg the third heat phase may be tréated @ﬁtnggzﬂﬁﬁp ession

nol di n cess to forn1tqg pgﬁired final product.

conpr essi on nol di n§hi : resented by steps 10, 11 and 12 in
Fig. 1. Conpr essi [ E
|

addr.gsses the probl ens caused by the
3% .
ext ended heat and s of the present process. In conparison

to conventional processes, the heat and chill cycles of 25 the
present nmethod may be intensified or |engthened since the intake

material My CEHpSesiMERARANGSAI MSatistidadUpboss1EFE)sA7 ERearal yneric |
fraction while ed thernosets (.such g ﬁgggchi) may be included’
™as,

recycl
in the intake ﬁ&ttl?rrlleﬁ% é“t%e Y9 graAAtRg; Bal 38 -the extended
time required to heat tIss.preaseprocess tderidmpl adain- Essedfapthesite in
preparation for : C Si | di ess.Jequi res rnal pre-
heating to overco %ﬁ%j‘é‘gcoggﬁéﬁgl g’r%r?g%i \%pg?géggén%:g%% &ecfl’c F%g tinme
using cofven@bddsdives ggpsaddi vatesial cbmstisywonprepsion cavitys
preferable thgje.the

35. A process as in claim 19, further
comprising adding additional material to said product
prior to cooling; reinserting a mold plug into said

10 compression cavity die; pressing said plug and die for
a period of time sufficient to form a laminated
product; and cooling said product.

36. A process as in claim 35, further
comprising incorporating pieces of metal in said

15 laminated product to provide an interlocking function
between two separate products.

37. A composite product prepared by the
process comprising:

granulating said material;

20 sizing said granulated material;

heating said material in three consecutive
phases, first at a temperature sufficient to achieve
an internal temperature within the material of about
215 to 250°F, then at a temperature sufficient to

25 achieve an internal temperature within the material of
about 250 to 320°F and then at a temperature
sufficient to achieve an internal temperature within
the material of about 320 to 400°F, wherein said
material is mixed during said heating phases;

30 forcing said material into a compression
cavity die;

inserting a mold plug into said compression
cavity die;

pressing the plug and die for a period of

35 time to form a product; and

TR 0~



15 conpression nol ding process directly followthe third heat
phase, so that the processing tenperature of the material (i.e., an
i nt er na¥O98Ae84t Ur € .0 h g eegﬁgbﬁae{dr] F to 400F) is neRQE/LA4O02T%t i |

t he conpound is |nsE@
costly reheat

for

used in the pres eneraPﬂy enpl oys cold nolds. The
of cold nolds is advantageous in V|em10f the 10 extended beat cycle
required for the present t her nopl asti c- based conposites descri bed

- above.
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cooling said product.

38. A process as in claim 1, wherein said
intake material comprises municipal, industrial and
commercial polymeric and fibrous material.

39. A process as in claim 19 wherein said
intake material comprises municipal, industrial and
commercial polymeric and fibrous material.

40. A process for ©preparing conmposite
products having a specific target composition from an
intake material comprising a mixture of plastic and
fibrous material comprising:

taking a statistical profile of said intake
material;

adding to said .intake material and an
appropriate amount of industrial regrind to obtain
said target composition;

granulating said material;

sizing said granulated material;

heating said material in three consecutive
phases, first at a temperature sufficient to achieve
an internal temperature within the material of about
215 to 250°F, then at a temperature sufficient to
achieve an internal temperature within the material of
about 250 to 320°F and then at a temperature
sufficient to achieve an internal temperature within
the material of about 320 to 400°F, wherein said
material is mixed dQuring said phases;

co-extruding saiad material with a
reinforcement structure;

forcing said material into vacuum profile
dies to form a product; and

cooling said product.

41. A process for preparing composite
products having a specific target composition from an
intake material comprising a mixture of plastic and

O A

e conpressi on nolds, obviating the need
The conpression nol di ng process

use



} .
Problw?_.f,g;@%i ng to the heat and chill cycles are C@pRoENeEdoPy t he
an

t hi ck wa | arge nmass of certain products produced by the present
process:. -The use of 15 cold nolds as well as the chilling process is thus
critical, both in ternms of efficiency igp renoving heat fromthe
product and the mai ntenance of di nmensional stability and product
shape. In the present conpression nolding process, 20 the
hot conposite material exiting the third heat phase, which has a

dough-1i ke confitstencymatiesjplaceohprising:a cold cavity dire (step- 10). )
Preferably, the cavidah i 2e8cagtiBRITRPBRYIY SFTdArdl Sl platens
he ould 25

of the conpression machine. cavity die ave an extended
t hroat whi ch pra%axdest ienough | oadi ng space for the | oose, hot

conposi te conpound, the adding NSErEApfYopidte dfduntdlel pidhdteiLl st ance
1eeIed (0 i o0 Bt bl e RO U e ol
nmol d shoul d be desi gned gtdrulmting saightmatlexdradnce tol erance for the plug
((:g-rrg-r ésggguéorrposi fgogo:%iozui%égoadsaqﬁ] s,ansf}t?rtgecsc% édc?g{egtirﬁ';oum lg(r)lwp(r)];stsBrGe
while the mold is cl osedeatdnge gadchaaterial in three consecutive
: phases, first at a temperature sufficient to achieve
10 an internal temperature within the material of about
215 to 250°F, then at a temperature sufficient to
achieve an internal temperature within the material of
about 250 to 320°F and then at a temperature
sufficient to achieve an internal temperature within
15 the material of about 320 to 400°F, wherein said
material is mixed during said heating phases;
forcing said material into a compression
cavity die;
inserting a mold plug into said compression
20 cavity die; )
pressing the plug and die for a period of
time sufficient to form a product; and
cooling said product.
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35. construction of the told st be designed to w thstapd

- 16 - WO3rdRgse of press@ge (i.e., 2,000 to 7,000 p _ | npacti ng on
the conposite material contained therein. Unli ke conventiﬁﬁﬁyCAgﬁﬁQQ#pe,
in the present invention enploys

't he conpression nol di ng process useful
ra 5 nunber of identical nolds used in a continuous process.

: Mbreover, both the cavity dies and the plggz are i ndependent of the
press pl atens. The conpress nol di ng process is carried

. FIG. 1
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-~ -phase.is first pl
10) and the plug ﬁﬁ

pl ug,

out in the foll ow ng manner.

t wo

n\l\

The hot nmateri al

into thgoleaffelYcruaL PRIRGS oﬁ’émﬁﬂﬁo@aw ty a
I nsert ed pagmitbral
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A process for prcpanng 8 composite from an intake material compnsmg a mixture of plastic and fibrous material com-
prises first granulating and sizing the material. The material is then heated in three consecutive phases, first at a temperature suf-
1 ficient to achieve an internal temperature within the material of about 215 to 250 °F, then at a témperature sufficient to achieve an
internal temperature within the material of about 250 to 320 °F and then at a temperature sufTicient to achieve an internal temper-
sture within the material of about 320 to 400 °F, wherein said material is continuously mixed during said heat phases. The mateni-
al may then be co-extruded with & reinforcement structure and forced into vecuum profile dies or compression molded and to



Yogo77-5 ¥

containing the conposite material are cooled (step 9) to reduce.

t he
tenperature of the nolds and the conposite naterial to the product
renoval target 35 tenperature. The appropriate renoval tenperature i's
17 that which will allow the product to :mai,ntain ‘™ -di mensional"
stability once renoved fromthe nol d. Thus e -appropriate 'rermval 1’
tenperature will vary dependent upon the com‘%mtlon of the ¥ateri al:

being 5 processed. However, generally, the pro I}JC'[ shouid be * . cool ed'-

to an internal

10
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30 .

tenperature of about 55[errq - 95[er B

15inf4s

METHOD FOR PREPARATION OF COMPOSITE MATERIALS

EField of the Invention

The present invention is related to methods
for recycling or converting municipal, industrial and
commercial polymeric and fiber residues, including
solid waste containing such residues. More
specifically, the present invention is directed to
methods for the preparation of composite products from
such materials.

Background of the Invention

Processes for treating waste or scrap
materials containing thermoplastics have long been
desired and numerous such processes are known in the
art. For example, U.S. Patent No. 4,968,463 ‘discloses
a process for treating waste which may contain plastic
materials. The patented process comprises a
preliminary physical treatment consisting of shredding
or granulating the material, drying the material to a
water content of not more than B%Y by weight,
preheating the material to a temperaturé of 80 to
160.C, kneading at a temperature of 120 to 250°C and
injection molding or extrusion of the material to form
a final product.

U.S. Patent No. 4,187,352 discloses a
process for working up thermoplastic synthetic
material into an article having the properties of
wood. This process comprises fluidizing, molding and
cooling the material. The waste material treatead by
the patented process may contain 20-25% non-plastic
material. Other methods for processing waste or scrap
containing thermoplastic materials are disclosed in
U.S. Patent Nos. 4,279,790 and 4,970,043.

-
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As it is being cooled, the controlled shrinkage of the conposite
formul ati on reduces the pressure inside the nol d and assists in the
renoval of the product from10 the nold. The cooling step may be
conducted by any appropriate cooling nmeans evident to one skilled in
the art fromthe present disclosure, such as those di scussed above. At
the end of the cooling step, the noladds are opened and the product

r enoved. After 15 renoval of the product, the nolds may then be re-
routed back to the pre-staging area for another cycle. The
conpression nol ding process nay be_used with the extruder assenbly 12
Geprcted tn Fro. 20 PO FRampiés SReNathe PERRPESIRG metopass W aived (he
20 material exayi ngbéhatditizederfar| ithee treathéntt lof organbéo dihe

compression ¢ g GEAGUbindRtnIRy Wikgrinteflgie! pIEST ATV 1 and 1o

conpression - nol di"ng
process deatenbedNshove 4,099l 642d ddsclosgsesemt mwethod X
generally,ga ' r t fdrl Cofi€ dewast 4y order to
achieve a ti ngéﬁﬁﬁg?bﬁa\%@lﬂﬁgéce Fe%;}d%?gpert?gsean Whij'ci{h\'l nmeet s

engi neering SePapated cﬁ’e’?’é%s’?r%/em, garhags r shiqh e GOPRILISAS al
stone, abrasi veémpgasding ond Heatlirf tHeSmaBiaglali Lh the absence of
air in several stages. U.S. Patent No. 4,225,640
discloses a method of recycling thermoplastic material
10 from municipal waste which comprises the use of leaf
material present in the waste.

However, conventional processes such as
those discussed above, for treating waste or
industrial scrap material require the sorting of the

15 intake material prior to treatment. That is, such
conventional processes generally require that *“con-
taminate" materials be sorted or removed from the
intake material to be treated prior to processing.
For example, processes for treating polymerics may

20 require sorting of the intake material to xremove
organic materials, fibrous materials, etc., while
methods for treating organics generally require
sorting to remove or separate thermoplastics. Such
sorting steps necessitate the utilization of resources

25 and labor which has proven to be expensive, thereby
raising the cost of treating the intake materials.
Accordingly, it can be seen that a method for
processing unsorted waste or industrial scrap material
is needed.

30 " summary of the Invention =

The present' process for preparing composite
products from mixtures of plastics and f£ibrous
materials overcomes the difficulties found in
conventional waste treatment methods discussed above.

35 In accordance with the present process, composite

Thig i the (eplacemen: sheet

15 NOV 1008
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30 provide a reinforcenent surface or abrasive function to the

conposite product may be added at the sane tine

is added to the cavity dies or may be added in a two-stage
| am nat e-type process as described below Alternatively, pieces of

netal or 35

ot her, appropriate material may be incorporated into
t he product by such a two-stage process to provide an
function between two separate products. 3 This material then goes through

the cycl e descri bed

10

5

20

25

30

35

products are effectively .prepared without the
necessity of sorting the intake material to remove
fibers or organics. Moreover, the intake material may
be blended with individual fractions of plastics or
fibers so as to achieve a target formulation for the
final composite product. <The elimination of the need
for Borting simplifies the procedure and reduces the
labor cost involved in carrying out the process, which
in turn reduces the cost of the finished article.

According to the present invention,
composite products may be prepared from materials
containing both plastic and fibrous fractions by a
process comprising first granulating and sizing the
intake material. The sized material is heated in
three consecutive phases, first at a temperature
sufficient to achieve an internal temperature within
the material of about 215-250°F, then at a temperature
sufficient to achieve an internal temperature within
the material of about 250 to about 320°F and then at
a tenmperature sufficient to achieve an internal
temperature within the material of about 320 to about
400°F. The material is continuously mixed during the
three heat phases. After exiting the third heat
phase, the heated material is co-extruded with a
suitable reinforcement structure. The heated material
is then forced into profile dies and cooled to form a
final composite product. The present invention is
also directed to the use of a compression molding
process to achieve a final product. The present
invention also encompasses a process for preparing
composite products from material comprising a mixture
of plastics, fibrous materials and organic materials.
The present invention is further directed to products
prepared by these processes. :

Brief Description of the Drawings

Thi pnoar e TR

15 N0V 9%

t he extruded nateri al
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above. 5 The use of the conpression nol ding process al so
allows for the preparation of a | am nate-type final product.
Specifically, a smaller anount (i.e., | ess than the anmobunt necessary to
fill the cavity die) of the intake material may be added to the cavity
die 10 and pressed in the manner described above. Prior to cool i ng,
additional material may be added to the cavity die on top of the
pressed material, pressed again, and tlen cooled in the manner

descri bed above. The second batch of material should be treated in 15
accordance with the present process (i.e., treated with the three heat
phases) if it is a conposite mat eri al . If the additional material is
a pure t her nopl asti ¢ f &¥ad at i sowst thaowpénbetapst €§ theaprocess

tenperature suff h%ic%'iiditxg;[ a€8i e APrbBeRENAInveht loHPER a4 agrWnkAkAct he
mat eri al of about 320-400[err]F. The advantage of such a’|l am nate-type

or |layered stPE®-ure is that materials having known properties may
be added to the intake nat eFigl 2Znier dersdivetatie croesfseetipnodfcanhavi ng

B o S5 A, ¢ g S PREEREng" BB LhEp PR pRGLERLS o
Detailed Description of the Invention

The present invention is directed to a
continuous process for converting materials containing
both fibrous and plastic fractions into composite

10 products. The material to be treated by the present
process (hereinafter referred to as the “intake
material®™) may also contain some amount of organic
materials, such as foods, vegetation, vegetable oils,
etc. Preferably, the present process is used to

15 recycle or convert waste or residual industrial,
commercial or municipal material containing plastic
materials, fibrous materials and possibly organics
into composite'structures.

An advantage of the present invention is

20 that, when used as a waste conversion method, the
present process can utilize all plastic, fibrous and
organic components of the waste and thus, only metals
need be sorted from the intake material prior to
treatment. Even waste which is presently considered

25 to be pollutants and environmental hazards, such as
fast food packaging and oil containers, does not have
to be separated or sorted from the intake material
prior to treatment with the present methed. A further
advantage of the present process, whether used for

30 treatment of waste or other materials, is that organic
residues also need not be separated from the intake
material.

The present process allows for the use of a
conbtination of a variety of individual plastics and

35 fibers (and possibly organics) to create composite
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enpl oying conpression nolding have conpression properties superior

to those of hardwood, i npact properties superior to ceram cs and
concrete and can 30 be nachined wth conventional wood and netal
processi ng equi pnent. These products may be used for nuner ous
applications, such as bricks, tiles, horticul tural containers,
etc. Due to their fiber content, the conposite 35 products
prepared in accordance with the present &

19

products with varying properties. In this regard, the
composition profile of the intake material is
calculated and considered in combination with other
material profiles which may be combined with the
5 intake material to achieve a target composition. The
materials having a known statistical profile may then
be processed with the intake material to arrive at a
composite product having the desired profile. This
procedure is discussed in more detail below.

10 Moreover, unlike most conventional recycling
processes, the present method accepts the intake
materials in wet and/or oily conditions, thus reducing
or eliminating the need for pre-drying of the intake
material. Pre-drying of the intake material is not

15 required due to the high temperatures and pressures
employed in the present process as described more
fully below. '

Many varied materials may be effectively
treated with the present process. Typical waste or

20 scrap materials which may be recycled or converted
into a composite product with the present process are,
e.g., plastic containers (such as those for
detergents, margarine, yogurt, etc.), plastic shopping
bags, clothing, running shoes, battery cases, baler

25 t&ine, books and wmagazines, plywood, sawdust,
fiberglass, etc. The plastics fraction of the intake
material may comprise materials containing, e.g.,
linear 1low density polyethylene, 1low density
polyethylene, high density polyethylene,

30 polypropylene, polystyrene and PVC. The fibrous
fraction of the intake material may comprise, e.q.,
paper, aluminum foil, sawdust, plywood, fiberglass,
cardboard, carpet and apparel fibers. Additionally,
the intake material may contain organics, such as

35 1residues from food containers, and food wastes.
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process exhibit superior resilience in cold tenpera- ture applications.

Mor eover, the conposites are wat er proof and those prepared with vacuum
profile dies may be fornmulated so as to maintain a buoyant specific 5
gravity for float applications. The final product prepared in
accordance with the present invention may, after cooling, be coat ed
with nunmerous materials as required for a particul ar use. For

exanpl e, the product nay be 10 coated ®ith col oring agents, such as iron
oxi des, or ultraviolet |ight absorbents, such as carbon bl ack or
titani um di oxi de. An exanple of an appropriate method of coating is

co-extrusion utilizing cap- f qn o) er, the
final product may 15 bgrhseubj gégégeto?%%éﬁ% r%é]{gg{lﬁ)n Q?%gn?ﬁﬁg}\f ener gy
el ectron accelcompudise tabentoss0i bk Abbusuleds weighith percente of athec in
order to proviA@stifd NfLaceIBRS { SprefePAPTHC! tiel NntdiOVRAdLEBEARNI Cal

B s, LSS et R b P5R L GSpROSSE 5 Bt @ 9 |,
is prefersed tattd ebqutesehtweigltessebeent of cthei tdtalit waightcofiti nuous
| i near prOdUCEH@1fﬁé&f@smaterial. The fibrous material fraction
should account for about 20 to about 50, and
preferably about 30 to about 40 weight percent of the
total weight of the intake material. If the intake
10 material further comprises organic materials, these
materials may be present in an amount of about 5 to
about 20, and preferably a maximum of about 10 weight
percent of the total weight of the intake material.
The process for preparing composite products
15 from a mnmixture of plastic and fibrous materials
according to the present invention can best e
described with reference to Fig. 1. The present
process comprises granulating the intake material
containing at least plastic and fibrous fractions 1;
20 sizing the granulated material 2; heating the material
in three consecutive phases-identified as 3, 4 and 5,
first at a temperature sufficient to achieve an
internal temperature within the material of about 215~
250°F (i.e., step 3), then at a temperature sufficient
25 to achieve an internal temperature within the material
of about 250 to about 320°F (i.e., step 4) and lastly
at a temperature sufficient to achieve an internal
temperature within the material of about 320 to about
400°F (i.e., step 5), wherein the material is
30 continuously mixed during the heat phases; co-
extruding the material with a suitable reinforcement
structure 7; forcing the material into a vacuum
profile die system to form a product 8; and cooling
the product 9. :
35 The granulation step 1 may be carried out by

pore e et
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al t hough the present process is not limted thereto. Such a procedure
of fers high production throughput, 25 | ower nai ntenance and superi or
quality control in conpari son to conventi onal bat ch processi ng
technol ogi es. The conti nuous processing operation al so allows for
greater control of the pressure, tenperature and di nensional stability
as the material 30 noves through the -various processing stages.

Mor eover, the continuous production process provides a further
advantage in that the processed materials will have an unlimted

| engt h potential. Alternatively, the present process may be
35 conduct ed idbriierttiondTe igtiahult igipaehdced @ndchi £2€ known to be

utilized for cutting and re-grinding plastics and

fibers. For example, a typical granulator for use in

the present process will consist of knives mounted on

$ 1rxotors which shear the intake material against knives

mounted on the interior wall of a cutting chamber.

Examples of appropriate granulators which may be used

in the present process are, e.g., Ball & Jewell

granulators manufactured by Sterling, Inc. of

10 Milwaukee, WI. The granulation continues in such a

manner and for a sufficient period of time to process

the intake material into fragments or particles of

appropriate size. Generally, the size of the

fragments or particles may be determined and

15 controlled by passing the granulated material through

an appropriate base screen, i.e., step 2 in Fig. 1.

However, the granulation and sizing steps 1 and 2 may

be combined and performed as one step. The material

should be sufficiently granulated so as to achieve

20 particles having a diameter of about 1/16 to about 1/2
and preferably about 1/8 inch.

After granulation, the intake material is
heated in three consecutive phases. The first heat
phase 3 comprises heating the granulated material at

25 a temperature sufficient to achieve an internal
temperature within the material of about 215 to about
250°F. Preferably, the material is heated at a
temperature sufficient to achieve an internal
temperature of about 220 to about 230°F. The

30 temperature of this first heat phase should be
sufficient to volatize and dehumidify water particles
within the dintake material; dehydrate organic
particles within the intake material; and sterilize
and decuntaminate the intake material by destroying

35 certain existent bacteria or other microorganisms.
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20 material is treated with the first two heat stages and S

then stored for |ater processing. This 1is represented by step 6
in Fig. 1. When it is desired to conplete the processing, the nmateri al
need only be 5 heated to the tenperatures required in the third heat
phase and m xed as descri bed above. Once the internal tenperature is
brought to that of the third heat phase, the material is ready for the
vacuum profile di e or conpression nolding stage. The granul ated and 10
sized particles may be stored for an indefinite tine peri od before
bei ng further processed. This all ows for regional processing of the

first stage ofHohever, Mhesanimperetesse i hthisetirbtnphapeoesmilzg in a |
Which is i rea BHY gurticiensiy nighes SEISEEEe FRRYY nd i ARG T
materi al s or cPArhirAest vitbdpn tbe intakenmaserdmdrefrom | nstead, a
statistical average The second heat phase 4 comprises heating
5 the intake material at a temperature sufficient to
achieve an internal temperature within the material of
about 250 to about 320°F, depending upon the
formulation. The internal temperature achieved in the
 second heat phase should be sufficient to cause low
10 temperature polymers within the intake material
(particularly polyethylene particles) to melt, thereby
insuring the efficient coating of all fibers and
organics within the intake material.
The third heat phase 5 comprises heating the
15 material at a temperature sufficient to achieve an
internal temperature within the material of about 320
to about 400°F, dependent upon the formulation. The
internal temperature achieved in the third heat phase
should be sufficient to allow the fibrous fraction
20  within the material to maintain its solid state while
melting plastics having a higher melting point
contained within the material. Such heating of the
intake material at pressures commonly used in
extruders and as further described below insures that
25 the higher temperature polymers completely melt and
fully encapsulate the fibers and contaminants
contained in the material.
Generally, each heat phase should be
naintained for a period of <time sufficient ¢to
30 accomplish the objectives for each discussed above.
Accordingly, different time periods for each heat
phase may be necessary or desirable depending upon the
specific profile of the intake. material being
processed and the properties of the materials. For
35 example, an intake material comprising a high
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profile of the intake material is devel oped detailing 20
and specific weight percentage of the

Its composition
different fracti ons contai ned

t herein. For exanpl e, a profile of the intake material may be taken in
or der to determ ne the percentage of plastics, fibers and

organi cs contained therein. The statistical profile 25 nmay be conducted by
first sorting a defined portion of the total material. The profile of

the portion is

then taken and the anmpunts of each fraction in the
portion are wei ghed. These anmobunts are extrapol at ed

total anmount of each fraction in the 30 total intake material.

If the desired

conposition of the final conposi te product does not

match that of tRercentagetoftpeyethiene man e@eite # aeronddrat
Phade c¥ldatbiter Mot ¥ flte £RERToR¢ EohPFidhdta WIgEessing

materi al s
by the present

10

15

20

25

30

35

met hod .in order to obtain a
percentage o% PVvC, s?hce polyethylene has a lowver

average melting point. Thus, appropriate time periods
for each heat phase for particular intake materials
will be evident to one of ordinary skill in the art
from the present disclosure.

The intake material is continuously mixed
during the three heat phases. The method of mixing is
not limited to a particular type. However, the mixing
must be sufficient to ensure the uniform heating of
the entire intake material and the uniform coating of
the fibrous and organic fractions by the plastics
fraction. Generally, appropriate mixing speeds are
about 30 to about 75 rpm, but may vary dependent upon
the composition of the intake material as well as the
temperature and pressure at which it is being treated.

The heating and mixing of <the intake
material may be carried out with any appropriate
equipment known to those skilled in the art, the use
of which will be evident to one skilled in the art
from the present disclosure. Examples of commercially
available, appropriate extruders are, e.g., Single
Screw Davis-Standard Extruders manufactured by Davis-
std., Division of Crompton and Knowles Corp. of
Pawcatuck, CT.

After exiting the third heat phase, the
intake material has the properties of an emulsion of
polymeric material encapsulating or coating fibrous
material, organic materials and any other solid
contaminants, as well as any existent compressed vapor
cells. In order to achieve a superior final composite
product, it is important that this encapsulation or
coating by the plastic fraction of the material be
achieved. In order to achieve the appropriate degree

Thoo e T
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21 final conposite product having the desired profile

conposition. In this manner, the conposition profile of each intake
material may be calculated in conbination with other material profiles
to achieve a 5 target conposition which is processed by the present

method to forma final conposite product. In order to obtain specific
percent ages of certain conponents Wig hin the conposite product,
comonl y avail abl e i ndustrial residues conprising the desired materials
10 may be incorporated within the intake material. For exanple, mlk
bottl es may be used to provide a high per cent age of HDPE

For exanpl e, effencdpgudationhari cgating, dtnisuneocésSrpetisnttine gh

Ceneir Poe)hBHLens (BY Bl ) HARLEL np!cLRE,COLE IR gl does ol
ciently high pressure to ensure adequate mixing and
compound of the material. Accordingly, during heating

5 in each of the three heat phases, a pressure of about
2,000 to about 7,000 psi and preferably about 2,500 to
3,000 psi must be maintained. The maintenance of the
pressure within the above-noted ranges allows one to
control the number and size of vapor cavities in the

10 material to target specific densities for the final
composite product. For example, the pressure may be
decreased and the material devolatized to result in
less vapor cavities in the final product. The
devolatization may be effected, e.g., by the use of a
15 barrel vent in the heating apparatus.

The process of the present invention further
comprises incorporating a reinforcement structure
within the material. The use of the reinforcement
structure improves the physical characteristics of the

20 composite product to meet engineering specifications
and allows minimum performance specifications to be
met. This provides a significant advantage over
conventional "plastic lumber™ which cannot guarantee
minimum performance specifications due to the

25 variability of intake materials. Moreover, the
inclusion of the reinforcement structure within the
composite products combats the problem of "creep"
which generally occurs in most plastics. Since the
reinforcement structures useful in the present

30 invention are encapsulated within the molten plastic-
containing mixture, which is a waterproof material,
the need for costly pre-treatment of the reinforcing
profile, such as galvanizing if the reinforcement
material is steel, is eliminated.

35 The reinforcement structure is co-extruded
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conposition profile may be obtained in the final product by conbining

various granul ated fractions cont ai ni ng hi gh percent ages of

pol yet hyl ene (such as 20 plastic mlk bottles) with the intake naterial.

Thi s m xture is then treated with the present process. In this

manner, a final conposite having a specific, desired conposition may be

obt ai ned. Mreover, the present procals may be used with materials

having 25 known plastic and fibrous fractions in order to obtain a

final product having a known, desired statistical profile.

By controlling the conposition of the intake material in such a manner,

the conpositi onWdthtBae intake matemipkiattean shecintakepeateripd hasg.

Thus, the Pegstal theNeRidd MeRatOPhage .t aipls ¥l LdbPéSenteda SwECi fi C,

desired perfornggge spe |f%§gt|o I pventi on
Pa

will now be 'vvi:{?ré‘f*bereﬁ‘éénf‘ar?ﬁéggb'| F‘(rﬁ%s“re?}tufﬁec $ic 35

exanpl e. preferably incorporated within the intake material by

5 pressurized co-extrusion through a cross-head co-

extrusion and die unit assembly. The reinforcement

structure is introduced into the co-extrusion zone as

represented by step 13 in Fig. 1. It is preferred

that the reinforcement structure have an appropriate

10 computer-designed configuration or shape to maximize

the mechanical strength supplied thereby for a

particular end |use. Such computer-designed

configurations or shapes are well known to those in

the art and reinforcement structures having specific

15 configurations and shapes useful in the present

invention will be evident to one skilled in the art

from the present disclosure. Since such reinforcement

structures derive strength from the bends and curves

of the profile and not solely from the mass thereof,

20 it 1s possible to use a minimum amount of the

reinforcement material by weight to achieve a high

performance composite. The reinforcement structures

useful in the present process do not have a smooth

surface, but rather incorporate perfdrations,

25 indentations, flanges, etc., in order to achieve a
strong mechanical bond with the composite material.

Many suitable materials may be employed as

reinforcement structures useful in the present

invention and thus, the present invention is not

30 limited to a particular material therefor. However,

examples o©of suitable materials useful as the

reinforcement structures are metal profiles, such as

steel wire; cold rolled steel; and aluminum.
After the co-extrusion of the rein.orcement
35 structure, the molten intake material containing the
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22

Preparati on Exanpl e A target

product (industrial chain |ink fence posts) and the correspondi ng

pl astic/fiber

conposite formul ati on were sel ected. The formula was 5

designed to achieve a statistical average conprising 60% of the plastic

of which about 50%is pol yet hyl ene t hernopl astics, and 40% of
the fibrous

fraction,

40% by wei ght of the plastic fraction was 10
soft drink bottle carrying cases. An additional 20% by wei ght of the
fraction was obtained in the formof m xed waste

pl astics

10

15

20

25

30

35

fraction conprising paperipackagi ng and cl ot hi ng.

reinforcement structure is then forced into wvacuum
profile die systems for sizing and formation of a
final product, 4i.e., step 8 in Fig. 1. Any
appropriate vacuum profile die systems or assemblies
known to those skilled in the art may be used for this
purpose. The dimensions of the vacuum profile die
systems used in the present process must be machined
to appropriate dimensions to produce a desired final
composite product.

The vacuum profile die system is positioned

within a chilled vacuum tank. The vacuum profile die

system contains vacuum slots which create a high
pressure differential within the system itself,
thereby maintaining the extruded material in close
tolerance to the inner walls thereof. The vacuum
profile die system provides dimensional control to
counter normal material contraction and insures the
consistent dimensional quality of the final product.
The process thus far discussed can best be
described with reference to Fig. 2 which depicts an
useful assembly for carrying out the present process.
As can be seen in Fig. 2, theée intake material enters
the assembly 10 at intake section 11 in direction of
arrow A. The intake material then enters the
horizontal barrel extruder 12 wherein it is heated and
mixed. Specifically, the material is heated in the
first, second and third heat phases 13, 14 and 15,
respectively, while continuously being mixed by
extruder screw 16. During the heat phases, excess gas
is allowed to exit the material through vents 17.
Once the heated material exits the extruder,
it arrives at the cross-head co-extrusion and die
assembly 18. It is at this point where the molten
composite material and the reinforcement structure are
co-extruded. The reinforcement material is fed along.

conpri sed of damaged HDPE



pl astics coll ected and bal ed by a nunicipal recycling program which
statistically contains about 2/3 15 polyethyl ene. This recycled plastic
conprised a random m x of all types of household plastic which wer e
not sorted or cleaned. These two above sources of plastic waste
conprised the polymer fraction of the conposite. 20 The
fiber fraction came from discarded 12| ot hing (25% conprising a random
m x of textile fibers including cotton, wool and pol yester bl ends.

The remai ning 15% was sourced from m xed waste papers obtained from

cur bside recycljn ang, co | Sl 2 ' u cerea

det er gent boiesi,“g%r%gr)g%nnEhEg?%éé?/igggc%ﬁrégg §%p3§‘s %r? wrap
Each of the abovdialeppexforatan 2énanderell fomenv:eyenhx @mqnuid&{ rial
Bal | & Jewel | gganith@i@fies on eaau{sgsaumebxsst el 'd%ﬁ-e:ﬁfrd\éidﬁ‘?u‘(ee

W. The 30 material was sequentia ranul at ed and screened i nto
fine particles ¥3%Rs Phageq khe co-eXtZuded mategdad, A&, faxddhear £a9 ons

were conveyed apd a vamﬁhgﬁlofimet gie s¢s€ent022Gol5 maﬁd:ermra) and
bbon bl ender. The mat eri al 35 was mxed for

pl aced in an Induﬂérlﬁ ri
approxi mately s until a

After exiting the vacuunm profile die systen,
the material then must be cooled to an internal
temperature of about 55° to about 70°F. This cooling
10 step is represented by step 9 in Fig. 1. The present
composites carry enormous heat loads which must be
extracted efficiently and quickly in order to insure
guality shape, dimensional stability and to maintain
good throughput production speeds. Generally, the
15 product may be cooled in any appropriate manner known
to those skilled in the art and the present process is
not limited to any single cooling method. However, it
is preferred that mist spray cooling tanks be employed
as the method of cooling the composite product of the

20 present process. .
Alternatively, or in addition thereto,
secondary cooling may be accomplished through the use
of cooling tanks and chambers incorporating a
turbulent water system connected to recycling
25 chillers. <The mist spray or turbulent water flow
within the cooling tanks significantly increases the
rate of heat transfer from the heated product. An
additional supplementary cooling method useful in the
present process incorporates the use of an overnight
30 holding cooling tank with sized racks or jigs to
support the dimensional guality of the material and to
prevent plastic “creep" during the cooling period
until the internal temperature of the material is
sufficiently reduced and stabilized. The material is
35 wmaintained in this manner until a temperature

This is the replacement shest
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23 honbgenous m xture was obt ai ned. The granul ated and
bl ended fornmul ati on was then transferred to a hopper above the intake
port of a 3 1/2" Branpton single screw extruder with a 24:1 5 1/d
ratio. The material was extruded at 30 rpm and the barrel tenperature
controls were set at 250, 290, 300, 325 and 330 to devel op an internal
t enperat ure within the formulation gf about 220[err]F in the first

heat phase and about 320[err]F in the s dond heat phase.

equilibrium is reached throughout the product. Once
the final composite product is cooled, it is ready for
use. The products produced by the process described
above may be used for numerous applications, such as
5 industrial posts, beams and columns used in
construction, etc. The composite products prepared in
accordance with the present method have physical
properties similar or superior to hardwood. For
example, the composite products may be cut with
10 conventional woodcutting equipment to high tolerances,
sawved, nailed and exhibit great holding properties
with wood screws. Moreover, the composite structures
may also be processed on metal machinery and
demonstrate high tolerances similar to high
15 performance machinery plastics, such as nylon.

As an alternative to the vacuum profile die
system described above, the material exiting the thira
heat phase may be treated with a compression molding
process to form the desired final product. The

20 compression molding process is represented by steps
10, 11 and '12 in PFig. 1. Compression molding
addresses the problems caused by the extended heat and
chill cycles of the present process. In comparison to
conventional processes, the heat and chill cycles of

25 the present method may be intensified or lengthened
since the intake material may comprise thermoplastics
(such as HDPE) as the polymeric fraction while
recycled thermosets (such as acrylics) may be included
in the intake material as the fibrous fraction. Thus,

30 the extended time reguired to heat the present
thermoplastic-based composite in preparation for the
compression molding process requires external pre-
heating to overcome the costly alternative of extended
cycling time using conventional * compression

35 technology. Thus, it 4is preferable that the
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10 Wien treated in this manner, the blending of the material is

| nproved, as the barrel tenperature and the i ncreased conpression
created by the screw design nmelts the polyethylene particles thus
encapsul ati ng the fibrous fraction and particles of high tenperature 15
pl asti cs. In this exanple, the extrusion process was
performed into two stages. In the first stage descri bed above, the
extruder was not connected to the co-gxtrusion rei nforci ng chanber of
the vacuum sizing 20 wunit. The materi alfwas all owed to exit directly from
the extruder barrel into open atnosphere where the mel ted and bl ended

m xture was deconpressed and the wat er vapor and ot her gases were

sucti oned aV\laY_é&rEpresszHi ﬁQﬂﬂﬂ&%r@é%ES&thﬂ'iﬁﬂfd@'ﬁié i@
renoved 25 noisture that was not "renoved from the conposite

formul ation at ReRtRNRER; 8O Fhaththe RrAgess temperpfyrs ofh &8 ended
formul ati on wasmaterialo(fdef pran interrilytenpesatasteadt shdpe @20t 0

Larther 1 19 £0%gper) SRRy 3SCRRN SXBBATHACYE SRR oY 0
set at 350[%rr]inteothehiconpressiorr malds, owiatding uthewneledn fidre
mat eri al of abQH6s§f§[féhL§tﬁth-1
The compression molding process used in the
present invention generally employs cold molds. The
use of cold molds is advantageous in view of the
10 extended heat cycle regquired for the present
thermoplastic~based composites described -abdove.
Problems relating to the heat and chill cycles are
compounded by the thick wall and large mass of certain
products produced by the present process. The use of
15 cold nmolds as well as the chilling process is thus
critical, both in terms of efficiency in removing heat
from the product and the maintenance of dimensional
stability and product shape.
In the present compression molding process,
20 the hot conmposite material exiting the third heat
phase, which has a dough-like consistency, is placed
in a cold cavity die (step 10). Preferably, the
cavity dies are not permanently affixed to the platens
of the compression machine. The cavity die should
25 have an extended throat which provides enough loading
space for the loose, hot composite compound, the
insertion of the male plug and the distance needed to
retain the material as it is compressed within the
mold by the closing action of the press. The vertical
30 entry of the cavity mold should be designed with a
tight clearance tolerance for the plug (e.g., about
.003 to .010 inches) to restrict the outflow of the
compressed composite compound as it is subjected to
high pressure while the mold is closed. 'The external
35 construction of the mold must be designed to withstand

e
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the third heat phase). As the heated conposite m xture exited from
the high conpression extruder, it 35 entered a coextrusion unit conprising

a conbi ned 24 cross-head

bl ock and profile shape die unit. The conposition m xture then
expanded in the co-extrusion zone and encapsul ated a 20 inch
cold-roll ed perforated steel profile reinforcing nenber, and then was

drawn 5 down to the precision calibrated®ntry port of the

the range of pressure (i.e., 2,000 to 7,000 psi)
impacting on the composite material contained therein.
Unlike conventional practice, the compression molding
process useful in the present invention employs a
5 number of identical molds used in a continuous
process. Moreover, both the cavity dies and the plugs

are independent of the press platens.
The compression molding process is carried
out in the following manner. The hot material exiting
10 the third heat phase is first placed into the loading
space of the cavity die (step 10) and the plug is then
inserted in the top of the die (step 11). This two
part mold is then placed in position on the bottom
platen of the press and the upper platen is lowered on
15 the extended neck of the plug, descended to the limit
of the pressure cycle and then raised (step 12).
Before the platen is raised, the two-part mold is
locked together, e.g., with mechanical tension clamps,
80 that pressure remains after the platen is raised.
20 Since there is no requirement to either heat
or cool the material while in the platen area, the
pressure cycle can rapidly occur and production rates
may reach about 5 seconds. This cycling time is much
faster than conventional hot molding systems and
25 results in an increased production efficiency.
Moreover, in commercial production systems employing
the present invention, robotic units may be incor-
porated to automate the £illing of the molds and the
high speed insertion and ejection of the molds from

30 the platen press area.

After removal from the press area, the molds
containing the composite material are cooled (step 9)
to reduce. the temperature o©of the molds and the
composite anateriai to the product removal target
as temperature. The appropriate removal temperature is
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vacuum si zer. The coextrusion unit was connected to a custom engi neered
3 inch round channel vacuum si zer system operating at a vacuum of
approximately 1.5 psi (0.1 atn). The conbination of the internal
pressure 10 in the conposite m xture and the suction created by t he
vacuum si zer held the plastic material against the wal I's of the
polished steel die as it continuously 7moved through the vacuum si zer
and cooling tank. The cooling tank had a |l ength of approxinmately 10 ft.
The 15 cooling tank incorporated recycled chilled water flow to cool

the materi al t e I 0 | gd d from
the plastic surtf’g:e rlgh\/\g&gpoéﬁf é@iga ? negr%%glcgpeg%f | 2‘% g’ rrgglm ons
and avoi ded theilmensmml emt@b@Mmkageecmmm Lrow' pthet mEYAsrber " 20

cl osed nold sysg T e vk gguggve,qllln second
cool i ng tank haV| ng thg apﬁropraiact):lﬁ 15 ftgy ﬁ 2

n
vacuum After e‘?@?ﬂ‘%e’ﬂﬁe‘gﬁ%omecﬁﬁppﬁﬁ ition sznﬂ'—he eﬁét”gr&%ﬂﬁ%tered a
tractor/pulg er précessad. f Hnidwned qaxéwamw rtl@ewmm ghouldigd orce on

A e Lt

and entered a Astitmisubeing cooled, the controlled shrinkage of the
composite formulation reduces the pressure inside the
mold and assists in the removal of the product from
10 the moid. The cooling step may be conducted by any
appropriate cooling means evident to one skilled in
the art from the present disclosure, such as those
discussed above. At the end of the cooling step, the
molds are opened and the product removed. After
15 removal of the product, the molds may then be re-
routed back to the pre~staging area for another cycle.
The compression molding process may be used
with the extruder assembly 12 depicted in Fig. 2.
However, when the compression process is used, the
20 material exiting the extruder will be fed directly
into the compression die assembly and not the
crosslinked co-extrusion and die assembly as depicted.
When the compression molding process
described above is employed in the present method,

25 generally, a metal reinforcement profile need not be .
added in order to achieve a final product having
excellent properties and which meets engineering
specifications. However, if desired, pieces of metal,
stone, abrasives, sand or other materials which will
30 provide a reinforcement surface or abrasive function
to the composite product may be added at the same time
the extruded material is added to the cavity dies or
may be added in a two-stage laminate-type process as
described belnv Alternatively, pieces of metal or
35 other  appropriate material may be incorporated into

* This iz ime regiacement csheet
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automatic cut-off saw to produce products of pre- 30 selected | engths.

The process of this exanple nmay be nodified

conmmer ci al

above may be

stage screw design and a 1/d ratio of up to 38:1 (on

25

10

15

20

25

30

35

a 4.5" dianeter screw). Suglg an extruder wl|

the product by such a two-stage process to provide an
interlocking function between two separate products.
This material then goes through the cycle described
above.

The use of the compression molding process
also allows for the preparation of a laminate-type
final product. Specifically, a smaller amount (i.e.,
less than the amount necessary to £ill the cavity die)
of the intake material may be added to the cavity die
and pressed in the manner described above. Prior to
cooling, additional material may be added to the
cavity die on top of the pressed material, pressed
again, and then cooled in the manner described above.
The second batch of material should be treated in
accordance with the present process (i.e., treated
with the three heat phases) if it is a composite
material. If the additional material is a pure
thermoplastic formulation, it should be heated to a
temperature sufficient to achieve an internal
temperature within the material of about 320-400°F.
The advantage of 'such a laminate~type or layered
structure is that materials having known properties
may be added to the intake material in order to form
a final product having an outer surface or layer with
desired properties and characteristics.

Products prepared with the present process
employing compression molding have compression
properties superior to those of hardwood, impact
properties superior to ceramics and concrete and can
be machined with conventional wood and metal
processing equipment. These products may be used for
numerous applications, such as bricks, tiles,
horticultural containers, etc.

Due to their fiber content, the composite
products prepared in accordance with the present

'* K

as needed for desired
producti on. For exanpl e, the two stage process descri bed
integrated into one | onger extruder with multiple.

35
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general ly incorporate a devol ati zati on and vacuum extractor system
attached to an environnent al scrubber. 5 Mor eover, it should
be noted that if the above formul ati on was nodified and the main

pl astic fraction was substituted with a plastic fraction cont ai ni ng
a high percentage of residual oils, such as that found in engine oil or
vegetabl e oil packaging, 10 it would be necessary to include in the
formul a at | east 15% absorbent fiberggsuch as newspaper or

t el ephone book cellul ose fibers to soak up the oil clinging to the

pl astic surfaces. This would allow the oils to be consistently bl ended
in the extruder 15 where it would be partially volatized and equally
suspended t hr ouBR@Eesshexbabpsspuperirruresijiiengendn colsh terperarl e

product applicaphfel MpSPISA£L6HREON  Mor@BiRL,al €ne! fcaﬂ?aéieéberuréi bers
were used in such

a situation, the oil residuals would partiglly 20
separate and dr%phe¥Br f’ﬁg %‘?tt(}}ﬁﬁﬁ prgpazed Hi&g Vac“’dﬁr?’é‘??"i? ré‘r‘f%/
exiting in |iqunayfle fdrmmnited so asxtoudaintainec tnigyanpapeaiptide

subsequent yac f ] a The present invention
may be enbogdi egaﬂ’]"ity P69 $9o3t28Ep1ications.

The final product prepared in accordance
with the present invention may, after cooling, be
coated with numerous materials as required for a
particular use. For example, the product may be

10 coated with coloring agents, such as iron oxides, or
ultraviolet light absorbents, such as carbon black or
titanium dioxide. An example of an appropriate method
of coating is co-extrusion utilizing a cap-stock
polymer formulation. Moreover, the final product may

15 be subjected to ionizing radiation from high energy
electron accelerators to crosslink molecules within
the plastic in order to provide a final composite
product with improved mechanical properties. Examples
of applicable crosslinking processes are, e.g., those

20 used by Radiation Dynamics Inc. of Melville, NY.

It is preferred that the present process be
carried out as a continuous linear production process,
although the present process is not limited thereto.
Such a procedure offers high production throughput,

25 lower maintenance and superior quality control in
comparison to  conventional batch processing
technologies. The continuous processing operation
also allows for greater control of the pressure,
temperature and dimensional stability as the material

30 moves through the various processing stages.
Moreover, the continuous production process provides
a further advantage in that the processed materials
will have an unlimited length potential.

Alternatively, the present process may be

35 conducted in stages wherein the granulated and sizeﬁ
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25 ot her specific forns wi thout departing fromthe spirit or

essential attributes thereof and, accordingly, reference shoul d be
made to the appended cl ai s, rather than to the foregoing
specification, as i ndicating the scope of the invention.

26 CLAI M5 1. A process for
preparing conposite products froman intake material conprising a

m xture of plastic and fibrous nateriapgconpri sing:

material is treated with the first two heat stages and
is then stored for later processing. This is
represented by step 6 in Fig. 1. When it is desired
to complete the processing, the material need only be
5 heated to the temperatures regquired in the third heat
phase and mixed as described above. Once the internal
temperature is brought to that of the third heat
phase, the material is ready for the vacuum profile
die or compression molding stage. The granulated and

10 sized particles may be stored for an indefinite time
period before being further processed. This allows
for regional processing of the first stage of the
present process with later, final processing in a
centralized facility. '

15 As discussed above, the intake material
which is treated by the present process need not be
sorted and no materials or contaminants need be
removed therefrom. Instead, a statistical average
profile of the intake material is developed detailing

20 its composition and specific weight percentage of the
different fractions contained therein. For example,
a profile of the intake material may be taken in order
to determine the percentage of plastics, fibers and
organics contained therein. The statistical profile

25 may be conducted by first sorting a defined portion of
the total material. The profile of the portion is
then taken and the amounts of each fraction in the
portion are weighed. These amounts are extrapolated
to determine the total amount of each fraction in the

30 total intake material.

If the desired composition of the final
composite product does not match that of the
statistical profile, an excess of the needed materials
may be added to the intake material prior ¢to

35 processing by the present method in order to obtain a

Thig is the rapacemnent sheet

15 NOV 1996



5 granul ating said material; sizing said

granul ated material; heating said material in three
consecutive phases, first at a tenperature sufficient to achieve
internal tenperature within the material of about 10 215 to 250[err]F,
then at a tenperature sufficient to achieve an internal tenperature
within the material of about 250 to 32@F and then at a tenperature
sufficient to achieve an internal tenperature within the material of
about 320 to 400[err]F, wherein said 15 material is mxed during said
phases; co-extrudi ng sai d mat eri al wth a

rei nforcenment strfithalecomposite produttr diawirgai thentesizled nhxosibaium

profile di escéﬂpggig‘lanpr OfHCEy 5 @n kfler the co%t?é)ﬂi&gﬁﬁle

product . process as in cfla

process is contin@buseach intiake materi Npr@éﬁssb&s igalaudiated vierein

said i nt ake eahmhatzaaWitﬁeétaéﬁ%aéarlm&?ﬁrwiﬂah Qé adip{ &¢d1a Of
said plastic. s .as in rg]b wherein said
i nt ake mat er il cBﬁﬁ??Eeg"QpBFég‘?'PP ?g‘l aF fﬂrd?ﬁﬁ y the present

method to form a final composite product. In order to
obtain specific percentages of certain components
within the composite product, commonly available
industrial residues comprising the desired materials
10 may be incorporated within the intake material. For
example, milk bottles may be used to provide a high
percentage of HDPE.
For example, a final product having a
minimum of 50 percent high density polyethylene may be
15 targeted. If the intake material does not contain the
necessary pei‘centage of polyethylene, the desired
composition profile may be obtained in the final
product by combining various granulated fractions
containing high percentages of polyethylene (such as
20 plastic milk bottles) with the intake material. This
mixture is then treated with the present process. 1In
this manner, a final composite having a specific,
desired composition may be obtained. Moreover, the
present process may be used with materials having
25 known plastic and fibrous fractions in order to obtain
a final product having a known, desired statistical
profile.
By controlling the composition of the intake
material in such a manner, the composition of the
30 final composite product can be controlled. Thus, the
present method allows one to target and obtain
specific, desired performance specifications.
The present dnvention will now be
illustrated with reference to the following specific
35 example.

L S T, .,:}i feonT TR
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group consisting essentially of linear |ow density pol yet hyl ene, | ow
‘density polyethyl ene, high density 30 polyethylene, polypropylene, .

pol ystyrene and PVC. 5. A process as in claim4, wherein
sai d intake material conprises high density polyethylene.

6. A process as in claiml1, wherein said I nt ake conprises about 20 to
about 50 wei ght percent 35 of said fibrous material. .

27 7. A process as in claipgpl, wherein said fibrous
material is selected fromthe group consisting

Preparation Example

A target product (industrial chain 1link
fence posts) and the corresponding plastic/fiber
composite formulation were selected. The formula was

5 designed to achieve a statistical average comprising
60% of the plastic fraction, of which about 50% is
polyethylene thermoplastics, and 40% of the fibrous
fraction comprising paper packaging and clothing.

40% by weight of the plastic fraction was

10 comprised of damaged HDPE soft drink bottle carrying
cases. An additional 20% by weight of the plastics
fraction was obtained in the form of mixed waste
plastics collected and baled by a municipal recycling
program, which statistically contains about 2/3

15 polyethylene. This recycled plastic comprised a
random mix of all types of household plastic which
were not sorted or cleaned. These two above sources
of plastic waste comprised the polymer fraction of the
composite.

20 The fiber fracgion came from discarded
clothing (25%) comprising a random mix of textile
fibers including cotton, wool and polyester blends.
The remaining 15% was sourced from mixed waste papers
obtained from curbside recycling programs comprising

25 items such as cereal and detergent boxes, colored
glossy brochures, wax papers and gift wrap.

Each of the above separate fractions wvere
conveyed to an industrial Ball & Jewell granulator
manufactured by Sterling Inc. of Milwaukee, WI. The

30 material was sequentially granulated and screened into
fine particles (less than 1/4").

The granulated fractions were conveyed and
weighed (in this case, 40,20,25 and 15 percent) and
placed in an industrial ribbon blender. The material

3s was mixed for approximately 5 minutes until a
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~ of paper, alum numfoil, sawdust, plywood, fiberglass, car pet,

cardboard and apparel fibers. 5 8. A process as inclaiml
wherein said granul ated material has a particle size dianeter of

about 1/16 to 1/2 inch after sizing. 9. A process as in
claim1l1, wherein said material is heated under a pressure of about
2,000 to 10 7,000 psi. 10. A process as in claiml1, further
conpri si ng naklng a statistical proflle2§f sai d intake material prior
to granulating said material. 11. A process as in claiml,

wherein said 15 intake material further conprises organic material

12. A process ombﬁ{aﬁoﬁlsnh}.gttu%eggl o ?aq.ne I ntake material conprises

about 5 to 20 percen sal anic materi al .
13. A process as in clai ®he gnmnu&atqn)anﬁnhiﬂmdm@ t@amuhgtsgmdwﬂsna

product . then transférre@ Eboﬁeﬁégﬁér' Absyal m:é%m&faﬁaegareabé
product is coated with a colorin 1 rocess as in

claim 13, wher8i A & Br“’?ﬁ%cﬁf‘i‘ilﬁoﬁf:é'&"mré’@q}? t‘\’jgvi‘o?e? 4fight
absorbent. 525 1/d ratio. The mtRrdedswasiextirudédi at 30 rputangd

the barrel temperature controls were set at 250, 290,
300, 325 and 330 to develop an internal temperature
within the formulation of about 220°F in the first
heat phase and about 320°F in the second heat phase.
10 When treated in this manner, the blending of the
material is improved, as the barrel temperature and
the increased compression created by the screw design
melts the polyethylene particles thus encapsulating
the fibrous fraction and particles of high temperature
15 plastics.

In this example, the extrusion process was
performed into two stages. In the first stage
described above, the extruder was not connected to the
co~extrusion reinforcing chamber of the vacuum sizing

20 unit. The material was allowed to exit directly from
the extruder barrel into open atmosphere where the
melted and blended mixture was decompressed and the
water vapor and other gases were suctioned away for
environmental processing. This devolatization removed

25 moistﬁre that was not removed from the composite
formulation at the beginning of the process. The
melted and blended formulation was then stored for 1
day, reheated and subjected to further mixing and
compression in a second extrusion process employing

30 this same extruder as identified above with the barrel
tenperature set at 350°F, to achieve an internal
temperature within the material of about 325°F (i.e.,
the thira heat phase). As the heated composite
mixture exited from the high compression extruder, it

35 entered a coextrusion unit comprising a combined
This iz ina ceplacement sheet
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conprising treating said final product with radiation. 17. A
process as in claim1, further conprising making a statistical profile
of said plastic and fibrous naterial prior to granulating said 30

mat eri al . 18. A conposite product prepared by the

process conpri sing:
sizing said granulated material; 35
t hree consecutive

10

15

20

25

30

35

granul ating said material;
heating said materi al
24 28

cross~head klock and profile shape die unit. The
composition mixture then expanded in the co-extrusion
zone and encapsulated a 20 inch cold-rolled perforated
steel profile reinforcing member, and then was drawn
down to the precision calibrated entry port of the
vacuum sizer. The coextrusion unit was connected to
a custom engineered 3 inch round channel vacuum sizer
system operating at a vacuum of approximately 1.5 psi
(0.1 atm). The combination of the internal pressure
in the composite mixture and the suction created by
the vacuum sizer held the plastic material against the
walls of the polished steel die as it continuously
moved through the vacuum sizer and cooling tank. The
cooling tank had a length of approximately 10 £t. The
cooling tank incorporated recycled chilled water flow
to cocl the material. As the composite extrusion
cooled and hardened from the plastic surface inwards,
it maintained the specified dimensions and avoided the
problem of shrinkage common in all "plastic lumber®
closed mold systems.

The extrusion then moved into a second
cooling tank having a length of about 15 ft. which was
not under vacuum. After exiting the second cooling
tank, the material entered a tractor/puller, which
functioned to maintain a constant pulling force on the
entire extrusion length to balance the "“pushing™
effect of the extruder screw. The extrusion continued
through the puller unit and entered a custom-built
automatic cut-off saw to produce products of pre-
selected lengths.

The process of this example may be modified
as needed for desired commercial production. For
example, the two stage process described above may k=

in

integrated into one longer extruder with multiple.

stage screw design and a 1/d ratio of up to 38:1 (on
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phases, first at a tenperature sufficient to achieve an internal

tenperature within the nmaterial of about 215 to 250[err]F, then at a
tenperature sufficient to achieve an internal tenperature within the
material of 5 about 250 to 320[err]F and then at a tenperature
sufficient to achieve an internal tenperature within the material of
about 320 to 400[err]F, wherein said material is m xed during said
heati ng phases; co-extrudi?g sai d mat eri al W th a 10
rei nforcenent structure; orcing said material into vacuum
profile dies to forma product; and cooling said

pr oduct . 19. A process for preparing conposite 15 products

from anl i ntake gatgrsel dodpetér nGorew). Such agr aextridery aixl
mat er1 al ;

Sy ZLn ai d_granyl at r.i_al ;
heating said ITB.?SPFEF'IIJX t*‘i %‘é‘ggéﬁ%gﬁuﬁ % E%'ig"‘g%%?é‘s??‘ fla?gt vacyum
t enper at ure suf éktrestoro mystem 2@ttaghednt &mal anenmsrvingmmental n t he
material of abodlyypperdld to 250[err]F, then at a tenperature sufficient

to achieve an i1nternal tenperature within the material of - about
250 to 320[8rr]F and t henMgregvednpeltat heuld be noted that if the

above formulation was modified and the main plastic
fraction was substituted with a plastic fraction
containing a high percentage of residual oils, such as
that found in engine oil or vegetable oil packaging,
10 it would be necessary to include in the formula at
least 15% absorbent <fibers such as newspaper or
telephone book cellulose fibers to soak up the oil
clinging to the plastic surfaces. This would allow
the oils to be consistently blended in the extruder
15 where it would be partially volatized and equally
suspended throughout the composite mixture, yielding
an acceptable product applicable for construction
materials. If no absorbent fibers were used in such
a situation, the o0il residuals would partially
20 separate and drain to the bottom of the extruder
barrel, £finally exiting in ligquid form from the
extruder, adversely impacting the subseguent vacuum
forming stage.
The present invention may be embodied in
25 other specific forms without departing from the spirit
or essential attributes thereof and, accordingly,
reference should be made to the appended claims,
rather than to the foregoing specification, as
indicating the scope of the invention.
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sufficient to achieve an internal tenperature within 25 the material of

about 320 to 400[err]F, wherein said material is m xed during said
heati ng phases; forcing said material into a conpression
cavity die; inserting a nold plug into said conpression 30
cavity die; pressing the plug and die for a period of

time sufficient to forma product; and cool ing said product.
20. A process as in claim19, wherein sai 8635 i ntake material conprises

about 50 to 80 wei ght

. CLAIMS
1. A process for preparing composite
products from an intake material comprising a mixture
of plastic and fibrous material comprising:
5 granulating said material;
sizing said granulated material;
heating said material in three consecutive
phases, first at a temperature sufficient to achieve
an internal temperature within the material of about
10 215 to 250°F, then at a temperature sufficient to
achieve an internal temperature within the material of
about 250 to 320°F and then at a temperature
sufficient to achieve an internal temperature within
the material of about 320 to 400°F, wherein said
15 material is mixed during said phases;
co-extruding said material with a
reinforcement structure;
forcing said material into vacuum profile
dies to form a product; and
20 ' cooling said product.
2. A process as in claim 1, wherein said
process is continuous.
3. A process as in claim 1, wherein said
intake material comprises about 50 to 80 weight
25 percent of said plastic.

' 4. A process as in claim 1, wherein said
intake material comprises a plastic selected from the
group consisting essentially of linear low density
polyethylene, low density polyethylene, high density

30 polyethylene, polypropylene, polystyrene and PVC.
5. A process as in claim 4, wherein said
intake material comprises high density polyethylene.
6. A process as in claim 1, wherein said
intake comprises about 20 to about 50 weight percent
35 of said fibrous material.
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29 percent of said plastic. 21. A process as in claim

19, wherein said I ntake material conprises a plastic selected fromthe
group consisting essentially of linear |ow density 5 polyethylene, |ow
density pol yet hyl ene, high density pol yet hyl ene, pol ypropyl ene,

pol ystyrene and PVC. 22. A process as in claim2l, wherein
sai d I ntake material conprises high sity pol yet hyl ene.

23. A process as in claim19, wherein said 10 i nt ake conprises about 20
to about 50 wei ght percent of said fibrous material . 24.
A process as in claim19, mherein sai d fibrous material is selected
fromthe grOUD consisting7, Rsdss aismixmum&mnl 1,seheyslin ah;twood

fi bergl ass, et A
process as in clfé%lﬁ"%? %A%@F in ﬁlﬂe ecggadﬁiﬁ%t ﬁé't"éﬁpl 3Pnﬁé§ténﬂart icle
si ze di aneter ofof papeboualitifuncfdil, et cplyvziody. £iberglass, 26.

A process as inGlldp 13arMidfild aii hpparel fibers.

5 8. A process as in claim 1, wherein said
granulated material has a particle size diameter of
about 1/16 to 1/2 inch after sizing.

9. A process as in claim 1, wherein said
material is heated under a pressure of about 2,000 to

10 7,000 psi.

10. A process as in claim 1, further
comprising making a statistical profile of said intake
material prior to granulating said material.

11. A process as in claim 1, wherein said

15 intake material further comprises organic material.

12. A process as in claim 11, wherein said
intake material comprises about $§ to 20 weight percent
of said organic material.

13. A process as in claim 1, further

20 comprising coating said final product.

14. - A process as in claim 13, wherein said
product is coated with a coloring agent.

15. A process as in claim 13, wherein said
product is coated with an ultraviolet light absorbent.

25 16. A process as in claim 1, further
comprising treating said final product with radiation.

17. A process as in claim 1, further
comprising making a statistical profile of saig
plastic and fibrous material prior to granulating said

30 material.

18. A composite product prepared by the
process comprising:

granulating said material;

sizing said granulated material;

35 heating said material in three consecutive

AT
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20 material is heated under a pressure of about 2,000 to 7,000 psi.

27. A process as in claim19, wherein said I ntake material further
conprises organic naterial . 28. A process as in claim 27,
wherein said 25 i ntake material conprises about 5 to 20 wei ght percent

of said organic material . 29. A process as in claim19,
further conprising coating said final product. 30. A
process as in claim?29, wherein said 30 2Broduct is coated with a coloring
agent . 31. A process as in claim?29, wherein said

product is coated with an ultraviolet |ight absorbent. 32. A
process as in claim19, lurther conprising treating said final product
Wi th radiation PRases, first a§sa KepPSratiTe. BuFLICHRCLEO Atinie

an internal temperature within the material of about
215 to 250°F, then at a temperature sufficient to
achieve an internal temperature within the material of
5 about 250 to 320°F and then at a temperature
sufficient to achieve an internal temperature within
the material of about 320 to 400°F, wherein said
material is mixed dAuring said heating phases;
co-extruding said material with a
10 reinforcement structure; }
forcing said material into vacuum profile
dies to form a product; and
cooling said product.
19. A process for preparing composite
15 products from an intake material comprising:
granulating said material;
sizing said granulated material;
heating said material in three consecutive
phases, first at a temperature sufficient to achieve
20 an internal temperature within the material of about
215 to 250°F, then at a temperature sufficient to
achieve an internal temperature within the material of
about 250 to 320°F and then at a temperature
sufficient to achieve an internal temperature within
25 the material of about 320 to 400°F, wherein said
material is mixed during said heating phases;
forcing said material into a compression
cavity die;
inserting a mold plug into said compression
30 cavity die;
pressing the plug and die for a period of
time sufficient to form a product; and
cooling said product.
20. A process as in claim 19, wherein said
35 intake material comprises about 50 to 80 weight

This is the replacement sheet
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30 conprising nmaking a statistical profile of said intake

material prior to granulating said materi al. 34. A process
as in claim119, further conpri sing addi ng pi eces of nmetal, stone or
other 5 abrasives to said material in said conpression cavity di e.

35. A process as in claim19, further conpri si ng addi ng addi ti onal
material to said product prior to cooling; reinserting a nold plug into
said 10 conpression cavity die; pressiq&,said plug and die for a
period of time sufficient to forma | am nated product; and cooling said
product . 36. A process as in claim35, further

conprising incorporating pieces of netal in said 15 | am nat ed product to

provide an int pere@fitnefl ¢add Plastic.

21. A process as in claim 19, wherein said
intake material comprises a plastic selected from the
group consisting essentially of linear low density

5 polyethylene, low density polyethylene, high density
polyethylene, polypropylene, polystyrene and PVC.

22. A process as in claim 21, wherein said
intake material comprises high density polyethylene.

23. A process as in claim 19, wherein said

10 intake comprises about 20 to about 50 weight percent
of said fibrous material.

24. A process as in claim 19, wherein said
fibrous material is selected from the group consisting
of paper, aluminum foil, sawdust, plywood, fiberglass,

15 carpet, cardboard and apparel fibers.

25. A process as in claim 19, wherein said
granulated material has a particle size diameter of
about 1/16 to 1/2 inch after sizing.

26. A process as in claim 19, wherein said

20 material is heated under a pressure of about 2,000 to
7,000 psi.

27. A process as in claim 19, wherein said
intake material further comprises organic material.

28. A process as in claim 27, wherein said

25 intake material comprises about 5 to 20 weight percent
of said organic material.

29.- A process as in claim 19, further
comprising coating said final product.

30. A process as in claim 29, wherein said

30 product is coated with a coloring agent.

31. A process as in claim 29, wherein said
product is coated with an ultraviolet light absorbent.

32. A process as in claim 19, further
comprising treating said final product with radiation.

35 33. A process as in claim 219, further
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bet ween two separate products. 37. A conposite product

prepared by the process conpri sing: granul ati ng said
material ; 20 si zing said granul ated materi al

heating said nmaterial in three consecutive phases, first at a
tenperature sufficient to achieve an internal tenperature within the
mat eri al of about 215 to 250[err]F, then at a tenperature sufficient
to 25 achieve an internal tenperature wit@bn the material of about
250 to 320[err]F and then at a tenperature sufficient to achieve an
i nternal tenperature within the material of about 320 to 400[err]F,
wherein said material is mxed during said heating phases;

forcing said mat cPPBPT iRLDIMAGIRG & Staristicad press e Lf said i%(t);ake
inserting a nol d pat@rialopgioe eengrandleting satdvihyedial.
pressing the plug and die fgz.a Rerliaggcgés%as t |ige éfaigrrg_ga\' prf%czi.légte;r and
conmprising adding pieces of metal, stone or other
5 abrasives to said material in said compression cavity
die.

35. A process as in claim 19, further
comprising adding additional material to said product
prior to cooling; reinserting a mold plug into said

10 compression cavity die; pressing said plug and die for
a period of time sufficient to form a laminated
product; and cooling said product.

36. A process as in claim 35, further
comprising incorporating pieces of metal in said

15 laminated product to provide an interlocking function
baetween two separate products.

37. A composite product prepared by the
process comprising:

granulating said material;

20 " sizing said granulated material;

heating said material in three consecutive
phases, first at a temperature sufficient to achieve
an internal temperature within the material of about
215 to 250°F, then at a temperature sufficient to

25 achieve an internal temperature within the material of
about 250 to 320°F and then at a temperature
sufficient to achieve an internal temperature within
the material of about 320 to 400°F, wherein said
material is mixed during said heating phases;

30 forcing said material into a compression
cavity die;

inserting a mold plug into said compression
cavity die;

pressing the plug and die for a period of
35 time to form a product; and
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31 cool ing said product. 38. A process as

in claiml, wherein said I ntake material conprises mnunicipal,

i ndustrial and comercial polyneric and fibrous material. 5

39. A process as in claim19 wherein said I ntake material conprises
muni ci pal, industrial and commercial polyneric and fibrous material.
40. A process for preparing conposite products having a specific target
conposition froman 10 i ntake materialaiconprising a m xture of plastic
and fibrous material conprising:

cooling said product.

38. A process as in claim 1, wherein said
intake material comprises municipal, industrial and
commercial polymeric and fibrous material.

5 39. A process as in claim 19 wherein saiad
intake material comprises municipal, industrial and
commercial polymeric and fibrous material.

40. A process for preparing composite
products having a specific target composition from an

10 intake material comprising a mixture of plastic and
fibrous material comprising:

taking a statistical profile of said intake
material;

adding to said .intake material and an

15 appropriate amount of industrial regrind to obtain
said target composition;

granulating said material;

sizing said granulated material;

heating said material in three consecutive

20 phases, first at a tenperature sufficient to achieve
an internal temperature within the material of about
215 to 250°F, then at a temperature sufficient to
achieve an internal temperature within the material of
about 250 to 320°F and then at a temperature

25 sufficient to achieve an internal temperature within
the material of about 320 to 400°F, wherein said
material is mixed during said phases;

co~extruding said material with a
reinforcement structure;

30 forcing said material into vacuum profile
dies to form a product; and

cooling said product.

41. A process for preparing composite
products having a specific target composition from an

35 intake material comprising a mixture of plastic an&
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taking a statistical profile of said intake mat eri al ;
adding to said intake material and an 15 appropriate anount of

i ndustrial regrind to obtain said target conposition;

granul ating said nmaterial; sizing said granul ated materi al;
heating said material in three consecutive 20 phases, first at a
tenperature sufficient to achieve an3fnternal tenperature within the
mat eri al of about 215 to 250[err]F, then at a tenperature sufficient
to achieve an internal tenperature mﬁthin the material of about
250 to 320[err] hen sufficient to achieve an

I nt ernal tenperéﬁ{ﬁgkéftﬂﬁﬁgrfai ?ﬁgpﬁég of about 320 to 400[err]F,
wherein said mat er i altalsimxecbmis@tsalcpmaébs of said intake

co- ext rudi ng ig@terlal wth a reinforcenent structure; 30
forcing said naterléf

into vaiuun1 rofile dies to form a_product; and
cool i ng said product. ng ah appropxiate,amaunt pf r1ﬂ1R5$¥%ﬁl

conposite 5 pregtihd bevobtafnsestdl targatgcomporiadidrion from an
granulating said material;
sizing said granulated material;
heating said material in three consecutive
phases, first at a temperature sufficient to achieve
10 an internal temperature within the material of about
215 to 250°F, then at a temperature sufficient to
achieve an internal temperature within the material of
about 250 to 320°F and then at a temperature
sufficient to achieve an internal temperature within
15 the material of about 320 to 400°F, wherein saia
material is mixed during said heating phases;
forcing said material into a compression
cavity die;
inserting a mold plug into said compression
20 cavity die;
pressing the plug and die for a period of
time sufficient to form a product; and
cooling said product.

R
* [+ L M S *

15 NOV 193



35 I ntake material conprising a mxture of plastic and

This is the replacenent sheet 32
fibrous material conprising: taking a statistical profile of
sai d intake mat eri al ; addi ng an appropriate anount of

I ndustrial 5 regrind to obtain said target conposition;

granul ating said material; sizing said granul ated materi al

heating said nmaterial in three conseCf}ive
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phases, first at a tenperature sufficient to achieve 10 an internal

tenperature within the nmaterial of about 215 to 250[err]F, then at a
tenperature sufficient to achieve an internal tenperature within the
mat eri al of about 250 to 320[err]F and then at a tenperature

sufficient to achieve an internal tenperature within 15 the material of
about 320 to 400[err]F, wherein said terial is mxed during said
heati ng phases; forcing s3?d material into a conpr essi on
cavity die; inserting a nold plug into said conpression 20
cavity die; pressing the plug and die for a period of

time sufficient to forma product; and cool ing said product.

METHOD FOR PREPARATION OF COMPOSITE MATERIALS

Abstract

A process for preparing a composite from an intake material comprising a mixture
of plastic and fibrous material comprises first granulating and sizing the material.
The material is then heated in three consecutive phases, first at a temperature
sufficient to achieve an internal temperature within the material of about 215 to
250°F, then at a temperature sufficient to achieve an internal temperature within the
material of about 250 to 320°F and then at a temperature sufficient to achieve an
internal temperature within the material of about 320 to 400°F, wherein said material
is continuously mixed during said heat phases. The material may then be co-
extruded with a reinforcement structure and forced into vacuum profile dies or

compression molded and to form a product and cooled.

FIGURE 2
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