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Polymeric composite materials that contain organic or inorganic filler
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materials have become desirable for a variety of uses because of their excellent
mechanical properties, weathering stability, and environmental friendliness.

These materials can be are relatively low density, due to their foaming, or high
density when unfoamed, but are extremely strong, due to the reinforcing particles or
fibers used throughout. Their polymer content also gives them good toughness (i.e.,
resistance to brittle fracture), and good resistance td degradation from weathering
when they are exposed to the environment. This combination of properties renders
some polymeric composite materials very desirable for use in building materials, such
as roofing materials, decorative or architectural products, outdoor products, insulation

panels, and the like.
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mechani cal properties can be obtained wthout the
casied cbsts fad ddditiortalh pravespanémhentr equi red in the patents
cited above. This
A filled closed cell foam material is disclosed in U.S. Patent No. 4,661,533
(Stobby), but provides much lower densities than are desirable for structural building
products. Moreover, Stobby does not disclose or suggest a composite material that is
“self-skinning,” i.e., that forms a continuous skin on the surface of the material that
covers and protects the material underneath, which is porous, and subject to visible
scratching.
SUMMARY OF THE INVENTION
It has been found, however, that a highly filled, foamed or unfoamed
composite polymeric material having good mechanical properties can be obtained

without the need for all of the components required in the patents cited above. This
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The composite material of the invention is advantageously used as structural
building material, and in particular as synthetic lumber, for several reasons. First, it
has the desired density, even when foamed, to provide structural stability and
strength. Second, the composition of the material can be easily tuned to modify its
properties by, e.g., adding oriented fibers to increase flexural stiffness, or by adding
pigment or dyes to hide the effects of scratches. This can be done even after the
material has been extruded. Third, the material is self-skinning, forming a tough,

slightly porous layer that covers and protects the more porous material beneath. This

tough, continuous, highly adherent skin provides excellent water and scratch
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(3)  aparticulate inorganic filler.

As indicated above, the polymer matrix composite material of the invention
can have a variety of different uses. However, it is particularly suitable in structural
applications, and in particular as an synthetic lumber. Accordingly, another specific
embodiment of the invention relates to an synthetic lumber, comprising the polymer
matrix composite material described above, and having a relatively porous material
and a relatively non-porous toughening layer disposed on and adhered to the porous
material.

It has been found that the process used to manufacture the polymer matrix
composite material and the synthetic lumber formed therefrom can have an important

impact on the appearance and properties of the resulting material, and thus on its
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material. It has been found that the process used to
manuf acture the polynmer matrix conposite material and
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instentidn nelates 46 amirthod afpriedieing palokyeer matrix eranpasitedsy:
produci ng a polynmer matrix conposite, by: (1) mxing a
firsypol yeikhera Aot %{)@1yeﬂ1@l/})ﬁgfoﬁh£\ﬁﬁgh e e6lecalar WRighbnd a
and a second pol yet her polyol having a second
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malertarsveighbWithiacataly s, ?mﬁmﬁf Welgreand qpéaon?ﬂ%qr@&%%ng
inorganic filler into the m xture; (4) introducing
pol y{2)r diptibsatymtitecing reinfdreingifitironsematenid!s(iijo the mixture;
allowing the exothermc reaction to proceed w thout
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The terials of the invention, and the process for

their preparation re nvi ronnent al f.riendly. The
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a hi gher valued use, as described above. In addition,

t he gﬁ)oce@élowmg thelaxpthermiencagpm tormapesedideoudersed peoling
the formation of polyi socyanurate, which rel eases

egedph e corttisxuaew@setdigeril. owi ng agent. The process thus
avoi ds the use of environnentally harnful bl ow ng
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environmentally friendly. They provide a mechanism for reuse of particulate waste in

a higher valued use, as described above. In addition, the process for making them
optionally uses water in fhe formation of polyisocyanurate, which releases carbon
dioxide as the blowing agent. The process thus avoids the use of environmentally
harmful blowing agents, such as halogenated hydrocarbons.
DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS
As described above, one embodiment of the invention relates to a composite

| composition containing a polymeric matrix phase and a dispersed inorganic
particulate phase, and which can contain other materials, such as reinforcing fibers,
pigments and dyes, and the like. One of the desirable properties of the material is its

self-skinning nature.
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As descri bed above, one enbodi nent of the invention
relates to a conposite conposition containing a

w@odopnexiBe matri x phase and a di spersed i nor gaP€T/US2005/001570

particul ate phase, and which can contain other

mat eri al s, such _as reinf.qrcing. fiber [ ts and
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the material is its self-skinning nature. 5
comidered 6a be e @opm o thapnostisn o yestiear Ibzeetywetherois formed
The pol yneric phase desirably contains at |east a
bpabadiingtasele, ondingbe)dniteqaasimtiee Gisboyanated), Haptedillarhy an
t hernosetti ng pol yurethane. The pol yurethane is fornmed
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re particularly, a _nethylen i phenyl dj] socyanate
WINERYE of mpraPeher PaRiPIs %@érﬂs}ﬁ?@&mﬁm %1@318 scri bed
in nore detail below. The MD used in the invention
can HéheN?dDI msedirethe ilv@intioh icgo tre MDbmasomei Vil eligomer, or a
thereof. The particular MD used can be sel ected based

nfRtirb ehedest rae pRHalla MINNRBEtin BS selst6d basedtdiethaesidd
of foam ng, strength of bonding to the inorganic
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conposite material, and stiffness (elastic nodulus). .
ingrepya patticilaten aveliing et thsAnergaris papiculpesin thereaciion mixture,
generally preferable due to its |ower volatility and
strength of dbxe @istilying Gohgositantateril tandtstiffntbsu@iustc titvelul .
particular MDD or MDI mixture used in the invention

Aﬁf}fbuﬁh?&@éﬁé iiddtyhote ééﬁé’ﬁ%etdé’l\)i]ﬁl geg@gggppﬁr%%fﬂ@ & to its

ease-of handl'i ng”standpol nt), "cost,
1 g ol eliiandowar it Sk fipior B BB hedbe st
generally affect selection of an MDI for preparing
MbhohdMDEmixtntseused in the invention are viscosity (a low viscosity is desirable
from an ease of handling standpoint), cost, volatility, reactivity, and content of 2,4
isomer. Color may be a significant factor for some applications, but does not
generally affect selection of an MDI for preparing synthetic lumber.

Light stability is also not a particular concern for selecting MDI for use in the
composite of the invention. In fact, the composite of the invention allows the use of
isocyanate mixtures not generally regarded as suitable for outdoor use, because of
their limited light stability. When used in the composite of the invention, these
materials surprisingly exhibit excellent light stability, with little or no yellowing or

chalking. Since isocyanate mixtures normally regarded as suitable for outdoor use

(generally aliphatic isocyanates) are considerably more expensive than those used in
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Li ght stability is also not a particular concern for
selecting MDI for use in the conposite of the

w0 poosfriesn. In fact, the conmposite of the i nveP€T/082005/001570
all ows the use of isocyanate m'xtures not generally
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osite of the i nventi on, these mat erl aI S
sxgm AN FoRiRgVaNREDI t excel lent |ight stability, with
little or no yellowi ng or chalking. Since isocyanate
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(general ly aliphatic isocyanates) are considerably
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i nvent i the abilLity of the |nvent|on to i

ok p SOV 85%%, Gg@ﬁgﬂ?x |1Wﬁnaé%%%reéﬂa?f§ﬁ1%a@wde at least 1
Sui t abl e NDI conpositions for use in the invention
equishled N goupatvi Inguivaled 63 gra framghagolyobsdasivably with

25 to about 200 cp at 25 C and NCO contents rangi ng

ab& 8 APRUboFO % @xe8RIN CEouss Bifbldisodyraais idilede Bayer

are used that provide at least 1 equivalent NCO group

1\{’&%# %é‘g' ]?ﬁ%ﬂi}%h?ob% @P]fl%% ey; ess |y§1; %@ 2, %?A Kubinate

Sui t abl e i socyanates include Bayer MRS-4, Bayer MR

9ight, Dow PAPI 27, Bayer MRS, Bayer MRS-2, and

Rubi nate 9415. As indicated above, the isocyanate

used Asintiivetedrabent,itbe isosyarmsected inithdinoaeti@r is romsted with one or
polyols. In general, the ratio of isocyanate to

RS CAEALIR Orkoo AN ol g
skt CFLP gy s mogwi%%g%ﬁ@tgt%&%g usocyRadtes S agagrgly in the
in these ranges provide good foam ng and bonding to
ramgerafabout GAarl ocabouat £§;1, more particularly from about 0.8:1 to about 1.1:1.
Ratios in these ranges provide good foaming and bonding to inorganic particulates,
and yields low water pickup, fiber bonding, heat distortion resistance, and creep
resistance properties. However, precise selection of the desired ratio will be affected
by the amount of water in the system, including water added per se as a foaming
agent, and water introduced with other components as an “impurity.”

The polyol or polyols used may be single monomers, oligomers, or blends.
Mixtures of polyols can be used to influence or control the properties of the resulting
polymer network. For example, mixtures of two polyols, one a low molecular weight,
rubbery (relative to the second) polyol and the other a higher molecular weight, more

rigid (relative to the first) polyol. The amount of rigid polyol is carefully controlled
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and yields | ow water pickup, fiber bonding, heat
distortion resistance, and creep resistance

w@e@pariiBes. However, precise selection of thePdEES2088001570
ratio wl| be affected by the amount of water in the
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pol yol s can be used to influence or control the

hRs gaerhlleBed fouhe té Bs whitdbg Itpobstreeallynédsivable.to n@é polyols in
exarrpl e, mxtures of two polyols, one a | ow nol ecul ar

ll‘ﬂﬁ ﬁ&' E%?Jr%l e}( fnetlh]@tlb\)(f ttv‘f’sctoplgﬁﬁ&lﬁa'}gl)m @%ﬁéﬁée 3 Fhese can

ecul ar wel

(rel at [ v t rst) The anmpu ”
b ERgBIeatLy %ﬁsﬂfl e hein Srtio e PEe) %6@&%8%9 tipped
WD 2005/ 072188 PCT/ US2005/ 001570 in order to avoid
pohlolncant breusedhowever thavuy istgeheratly asivided othefd wis Bésdred to
polyol to rigid polyol of between about 5 wt % and
afORIU T BNt ¥F ¢ H@?fo@ylﬁétrﬁthéﬂ'aﬁﬁvllﬁ!n @mssed tdrar % has

general | y been found to be suitable. is generally

genesaergerf B °a%é1§9f's¢#é‘lggé pilyefhe %ﬁBfé?o S Pigh as
aval | abl e, as these can be nore easily mxed with the
FNOLyRayepuingluding VI ERANSIL éé}pg o8 MEGTRANGE£035,

polyols can be used; however their use is generally

eﬂg@rrbeglymwteth}ﬂen@glﬁaﬂ; triethytlene glyomlddipfasm&danengyc@if glycerol, 2-
the polyner material when exposed to water.

ef al Q1Y L SHorbpsd ly 1,6-
AR oo A el e eﬁﬁﬂaﬁ;\*om 15
MULT 035,. eth col t hyl .ene gl ycol,
heRFsOHgh bR aTyet Etpb PoietRaegpREBmcl dhycer of . 2.
but yn- 1 4-di ol , neopentyl glycol, 1,2-propanedi oI
ppbnem;anyﬂly}em@ypolnﬁnm polythmemelshelxdm‘éﬁr di- and multi- funtional
1, 3-buytyl ene glycol, hydrogenated bi sphenol A,
polyethers and polyester polyethers, and mixtures thereof. The polyols need not be
miscible, but should not cause compatibility problems in the polymeric composite.
As indicated above, the composite of the invention can desirably be prepared
by mixing the polyols together (if multiple polyols are used), and then mixing them
with various additives, such as catalysts, surfactants, and foaming agent, and then
adding the inorganic particulate phase, then any reinforcing fiber, and finally the
isocyanate.
One or more catalysts are generally added to control the curing time of the

polymer matrix (upon addition of the isocyanate), and these may be selected from

among those known to initiate reaction between ieocyanates and polyols, such as
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pol yt et r anet hyl enegl ycol et hers, pol ythi oethers, and
other di- and nulti-funtional polyethers and
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pol yol s need not be mscible, but should not cause
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i norgani c particul ate phase, then any reinforcing
ora oy Vid BB, Al Rnot SN Resi A YR Buring fo forma
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singegalintagte triieReEer I LOMUEIB g6 ragigcontaining
those known to initiate reaction between isocyanates
catalyspw Yopats suile-cantai@ngTalalyBOran booddal it ap@mount greater than
2005/ 072188 PCT/ US2005/ 001570 am ne-cont ai ni ng
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, tin-, nmercury- and bi smuth-containing catal ysts,
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catal yst that provides _overall curing via gelation,
oxerquEinat Waichcrald qeves Peddup ofsugedsineteaab R g RIGCESSIEor m

a skin and elimnate tackiness. For exanple, a liquid
eqipinent cdfiod stpatmiterialowhichicanmg beqgadpdriysthaped, 16r wardisng; in

am ne-cont ai ni ng catal yst can be added in an anpunt

s%‘?@&gsres A andedt toé’lﬁﬂglegg)b %g?&f%@ Bt fifk. @M%@iﬁf&@%ﬁgﬁrﬁgy range

e total reaction m xtur ess, dependi ng
| ength of curjn i me, desired. Too nuch catal yst can
frogy ‘iuti%nsecﬁ‘%degrtgt?&’PWgz,gWFch coul d cause buil dup of
cured material on the ﬁrocessing equi pnent, or too

sti f A surfrectant nady eptionhlly hnrddedio the pphiol mistvaptedfuneiion as a
scorching; in

wetting agent and assist in mixing of the inorganic particulate material. The

surfactant also stabilizes bubbles formed during foaming (if a foamed product is
desired) and passivates the surface of the inorganic particulates, so that the polymeric
matrix covers and bonds to a higher surface area. Surfactants can be used in amounts
below about 0.5 wt%, desirably about 0.3 wt%, based on the total weight of the
mixture. Excess amount of surfactant can lead to excess water absorption, which can
lead to freeze/thaw damage to the composite material. Silicone surfactants have been
found to be suitable for use in the invention. Examples include DC-197 and DC-193

(silicone-based, Air Products), and other nonpolar and polar (anionic and cationic)

products. .
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severe cases, this can |l ead to unsal eabl e product or

fire. Curing tines generally range from about 5
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be added to the polyol mxture to function as a
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is%(:gal%e/ GedRASH qt J}JFI ﬁ)&ﬁ@ltha‘(\%'a&?tls Rluch M&s eggéﬁsWe? and reacts

ess anount O actant can lead to exc

HEREBirpat I R i P

found to be suitable for use in the invention. .
pRocesn| Bgudlhcasigwonent $0-ravides thedype of polyurathdngsslls desirable
Air Products), and other nonpol ar and pol ar (anionic

A doanéd prodatt (iR, aaestlySopef, biAEbideR0dsed YOAH5 & High®) compatible
2005/ 072%368 PCT/ US2005/ 001570 Foani ng agggt ng}jgal sop

HBIGE LRIl SUL, B AR PR s, and
SRR B S S SRR L o
pol yol - isocyanate reaction, it has been found that

praduee thes same foane stsudmpersss vetpineddvitlewates. Wit h
i socyanate to yield CO2, which is inert, safe, and

need [PRhid g SG4dABE ¢ fHeQUBNiPdRitioR! /GRS %allﬁﬁg %&Wstﬁﬁoccur due to
i nportant, CO2 prow des thé type’ of pol yuret hane cel

AR RSB B bl B AP o e

of nmost inorganic particulate fillers, particularly at
ofi ihgrrep¢tidremixtuxes ifrodusdd with the other components as an “impurity.”

the other hand, excessive foaming resulting from the addition of too much water
(either directly or througl\l the introduction of “wet” reactants or inorganic particulate

materials) can be controlled by addition of an absorbent, such as UOP “T” powder.

The amount of water present in the system will have an important effect on the
density of the resulting composite material. This amount generally ranges from about
0.10 wt% to about 0.40 wt%, based on the weight of polyol added, for composite
densities ranging from about 20 1b/ft® to about 90 Ib/ft.

Reinforcing fibers can also be introduced into the polyol mixture prior to
introduction of the isocyanate. These can include fibers per se, such as chopped

fiberglass, or fabrics or portions of fabrics, such as rovings or linear tows, or

10
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Is conpatible with the use of reinforcing fibers.

O her foam ng agents will not produce the sane foam
w@reogorase as i s obtained with water. |f wat erPCHURINS/001570
added to the conposition, sonme foam ng may still occur

.to. th resence of . A tar .
cBeBallgnd D356 TG AURIL AL SR il fuc 0.5 . o
reaction m xt u_re)l i ntroduced with the other conponents
ahguighin; mgse prrtipularbhiromabogt frdp 1hihabous Pexisis i Whe remforcing
foam ng resulting fromthe addition of too nuch water
fibetd giee tlh metiiay addedt streapihh( fiekeral, nensildpatd comprdessinet increase
reactants or inorganic particulate materials) can be
i 3ftbeld, 6 Biovadklinlct e Ploudn AR YRRRALrerle By ASisHRe to brittle

powder. “ The anoun ter present in t syst

Wl h an i nportant ef.fect the .density of the.
ASEPY | P COrSBEI e b B pase HPer st iRES g ypSistance.
ranges from about 0.10 wt%to about 0.40 wt % based

The in¢lysiariodithe prrtipalay polysdleate nebworke 9p s ingention, together with
densities ranging fromabout 20 I b/ft3 to about 90

thdbptichal Reifadi@its, 4 the BeiSartaparticeRiddzésnised thkedhé Bé@posite
t he polyol mxture prior to 1introduction of the

' C: : i ! i rs. . 3 .
KTRHOER i pE RS A R VARt e ntrcing
fabrjics, such as royings or linear tows, or 10 )

FRFIS InEoimed Gy eEals WASTASOREHY 08 beerRssiesois EptEg o distort the
conbi nations of these. Typically, the reinforcing

fbarhdubbleangé decrenseathe strefigth 25 thencommsitalspsteml i n, nore
particularly fromabout 0.25 in to about 0.5 in. The

rei nfrg afifin th liR@hS o bY it e IR EBEsahtoAld ?EQ@E hﬁg@g@pﬂm to

(flexural, tensile, and conpressive), inc

stiffness, and oV. i ncreased toughness (ijpact .
opbscriniohy Sapd P Bocrd ShT ARG e i EE fup St Ppasite after
rovings, or tows increase flexural stiffness and cree
extresionaasdhe polpmectiexdts tid exirugder tahd ppigr t9 any molding. The fibers
pol yur et hane networks of the invention, together with
(e.g., glass strings) can desirably be wetted with a mixture of polyol (typically a

higher molecular weight, rigid polyol) and isocyanate, but without catalyst or with a
slow cure catalyst, or with other rigid or thermosetting resins, such as epoxies. This
allows the wetted fiber to be incorporated into the composite before the newly added
materials can cure, and allows this curing to be driven by the exotherm of the already
curing polymer in the bulk material.

Whether added before or after polymerization and extrusion, the composite
material of the invention contains a polymeric matrix phase that is strongly bonded to

the dispersed reinforcing fibers, increasing the strength and stiffness of the resulting

11
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t he optional surfactants, and the inorganic
particul ate sizes used nmake the conposite of the

WO pwsriien particul arly and surprisingly well BCi/usmo5/001570
for inclusion of reinforcing fibers in foaned

L5 B SR REETPRIN B (S EBAUIE, cven

of the conposite system |n addition to inclusion of
relatively fev dgngitieseiess.i #hapt 20 dogsryit0 rlrli’/f(tthre prior to
pol yneri zation, oriented axial fibers can also be

i nt r Ptaad dridye chinbe addpbri the palybbmixtaxd ousindse adied tahether
pol ynmer exits the extruder and prior to any nol ding.

pgﬁ‘t?s i e Jﬂw'b:?’%cegse 9ht B%(l??%? 1sscg:fticﬁi9§ %9%15%!{1‘1 lﬂﬁﬂlﬁ !rﬁa?@ltﬂcl: g@nél osite

O ROTE AP B S AR 1506 o Bt any

with other rigid or thernosetting resins, such as
septrkegthat Tght foamlindle surbacowf thednpteriek Typipal examples of
i ncorporated into the conposite before the newly added

?ﬁéﬂté Hchudedforctide, 1§pikaB) oI ihhinfougity taR@ineOr &8 about 2 wt%
iven by the exothefmof the already curing polymer

o Brhe Wil R B SR ofRE SRR RRLEE DL LT

of the invention contains a polynmeric matrix_ phase

t hat Tihs iBereamigIPArtiae #hess 1s en émapfstﬁgrfg%,iar%ﬁ tgﬁ SRenggn, and is

fibers, increasing the strength and stiffness of the
typgedllyt pregent in aiiblihis Bihgih DO hbud 2098/03 2h8& 85 wi% of the

PCT/ U82005/ 001570 material. This enables the materi al

t(?tgll 3 |}5&?&j0 SInﬁl ns ‘%ﬁé‘éﬁ)‘goﬁ%ﬁt mhb{%ahié ‘?ﬁcul&t’é%@.n%ad to

ties (e.g., to about

A blft or. dye eadedt

n}ﬁrgasG%i glfﬁcgg}g ngggdlglai ?Haé:?usmélo(? faﬁ:?qlﬁéqore desirable.
process. The pignent is optional, but can hel p nmake
Thhénargapiogiatticulatareaterid] should heverkass dizal abpub@ Separaser (based
nore distinctive, and help to hide any

on the weight of the particulate material) in order to avoid excessive or uncontrolled
foaming.

It is generally desirable to use particulate materials with a broad particle size
distribution, becausve this provides better particulate packing, leading to increased
density and decreased resin level per unit weight of composite. Since the inorganic
particulate is typically some form of waste or scrap material, this leads to decreased
raw material cost as well. Particles having size distributions ranging from about
0.0625 in to below 325 mesh have been found to be particularly suitable

Suitable inorganic particulates can include ground glass particles, fly ash,
bottom ash, sand, granite dust, and the like, as well as mixtures of these. Fly ashis
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scratches that mght formin the surface of the
material. Typical exanples of pignents include iron
w@2004072188/pi cal | y added i n anmounts rangi ng fr oPCHDS205/@1570
wt% to about 7 Wt % based on the total weight of the
reaction mxture...The. i nor [ 3! '
aERI e T S P G iy AR R AR BRI can
typically present in anounts rangi ng between about 45
PYivida sorab deritabls weatheng PrOPeKtiss 49 theorpdustidug do the inclusion of
I ncreasing the proportion of inorganic particul ate can
fiheaarbod patticieewhril aé khowenlto pravidewratheringrplotengiontte plastics,
inclusion of a surfactant nore desirable. The
: . . g | o .
o Bl o B B TS OB e RS ap @Rl bome
ri.icul ate terial) i.n order, to.ayoid, excessiv [
ol Epestese ot Sunabok RS Mg A, SRy B PEBle e onal
use particulate materials with a broad particle size
cairlystsi dfthe polynissizatier raastienssr Grdvad glass (sush asayindewl aithettle
packing, leading to increased density and decreased

gl288) dbsbéabssResin UddckeasRigdht coft FFIPOShpesiteSIACE fbeure of coal
inorganic particulate is typically sone formof waste

ﬂ&;atsﬁ %ha %o%éfe[si& glla\s/v'élfsp i.b%ﬁ% ?‘?&?} téooe%%ﬁﬁﬁg Sdg ﬂ%eeiﬁgilﬁanic particulate

ertal co s havin
di stributions ranging fromabout 0.0625 in to bel qw
comBOsition, HhgeIBReHY FohHAVAE VBB Yoxy ng@%aﬁlm(es&; fééfb&’én about 40
Sui t abl e i norganic particul ates can include ground

lgftismdpartigh babon tbyteatst(e. g, mootmi2 et adngherpam@redsesuitable,
dust, and the like, as well as m xtures of these. Fly

s%é}?r }@2%% %1}0 gﬁﬁiﬁ'c@ﬁ)to %ﬁ%ﬁ%ﬂ%g P Q4B 8ind may require

1570 desir e because It 1s uniformin
g en obpretpicc R R ARG b e et S TppBRTSend o be
due to the inclusion of fine carbon particles which

addesl. Kiflyvash produced by eoslefictedimayeer plants dreloding dlouston Lighting
arrfcll ;zzzvle: 1saé)wer plants, fly and bottom ash from Southern California Edison plants
(Navajo or Mohave), fly ash from Scottish Power/Jim Bridger power plant in
Wyoming, and fly ash from Central Hudson Power plant have been found to be
suitable for use in the invention.

The process for producing the composite material may be operated in a batch,
semibatch, or continuous manner. Mixing may be conducted using conventional
mixers, such as Banbury type mixers, stirred tanks, and the like, or may be conducted

in an extruder, such as a twin screw, co-rotating extruder. When an extruder is used,

additional heating is generally not necessary, especially if liquid polyols are used. In
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and the effect of opaque ash particles which block U
light.,, and contains sone netallic species, such as

woreaoalo7ass des, which are believed to provi de apdi/UBmNED01570
cat al ysis of the pol ymeri zat i on reacti ons. G ound

.ASS (su wi. ndgw or SS £ le
oJilos, fofisdrioRbphy i denmals opofred bR AT AR C Pt to
m xt ure of coal fly ash and bottom ash has al so been
corsraldexassyive sufunaplag eaether®ds.i nor gani c particul ate
conposition. In general, fly ash having very |ow bul k
densFby exfnfle, a hests-zbheaxtabientarBe ubddl, fatith poigdle mnd iadditives
carbon contents (e.g., around 20 W % or  hi gher) are

1&&%%1%108’&' intt? tI.)Aeefnist E(%rﬂeg ?notrgl e ?Eﬁlcm%ﬁ:& ﬂg&&&&ahﬁ tﬁé’second zone,

I'ncor por at e ystem and nay re
addltlo i nQrgani ¢ flllers that ve_ much
ngltbsrﬁ ATy oAt Apd Pigments e b e fllfﬁw%t% A twin
produced by coal -fuel ed power plants, including

sdrows tonotatight dxugydeneds. ROGenmpbawetep| aihoegh fheydlamdter can be
bott om ash from Sout hern California Edison plants

vANRY ﬁi&ta@tﬁtaﬁ@’ﬂ?&%ﬁ)e uskl ywah nfy W@eﬁ@@&l}ﬂgsd'ﬁo Beiverhiniodin

Bridger power” plant in Woming, and fly ash from

Ce | \Hud :
SR YGRS Bhe ol o A0
produci ng the conposite naterjal nay operated in
caynbe Aumpsé i th A e trusier,cirq salids Samih ﬁéded Ry %1@1%%9%/ screw

conduct ed usi ng conventional mxers, such as Banbury

fdedpearfing@htentss tntdresl presskse budhbug hesuch ke .exempinry abengement is
conducted in an extruder, such as a twin screw,

E@Iﬁ% g extruder. When an extruder is used,
n&gsd |onatln heating is generally not necessary,

especially if |iquid pol oIs are u . In1 ATLLI BO
T 5o guBontineristion ot SEpETI HBBRRG PO S GT Roh teke as

forced cooling is not generally requi red, except for
lomgrdsrl hauors)| andgt tsgherefiore dosirable toswiiy et l@astrtha'tdwag/before
exot her ns.
assessing the mechanical properties of the composite, in order to allow both the
composition and the properties to stabilize.

As explained above, the composite material of the invention is advantageously
used in structural products, including synthetic lumber. The synthetic lumber may be
formed in a batch, semibatch, or continuous fashion. For example, in continuous
operation, polymerized (and polymerizing) material leaving the extruder (after
optional incorporation of post-extruder fibers, tows, or rovings) is supplied to a
forming system, which provides dimensional constraint to the material, and can be

used to pattern the surfaces of the resulting synthetic lumber with simulated

woodgrain or other designs, in order to make the material more commercially

14

ATLLIBO1 1909958.1



For exanple, a multi-zone extruder can be used, wth
pol yols and additives introduced into the first zone,

w0 p@sgaBge particul ates introduced in the secopdI/Bs2965/001570
and chopped fibers, isocyanate, and pignents

I nt he f| |
dedft o g el Aok e e & on pgpece om
t he di aneter can be vari ed supst anti al |
a flestble vasimbayving Woederais g0ty d@ﬁ@nmlﬁ@%%/h‘?r% g be used. One
tenperature), and w thout extruder vacuum (except for
s@Shsuitable) systengisi désoribeel inabopending LUhs. Putemtedpplivation Berial No.
extruder, while solids can be added by suitable

hopper(} 5% DoER4eNo.ar r aN9EARALH- evlaﬂhe(e%kevpﬁestﬁyeme

p tn-such an e ry arrangenent

ni ficant. Al.thou atJ geur s sen
CP MR LR PR LP T Do R ddeoh %hg ﬂa%b%
hours, and it is therefore desirable to wait at | east
farzad fromg dsifreleasinggybberionglasksmerie aterighso thab ievillines adhere
of the conposite, in order to allow both the

¢ R T PEorBPkife SuRabReltirBgetifls Shcthid sik€oneAmibber, oil
expl'ained above, the conposite material of the

i vV t ;
PO bl PR PSR p AR SPAE by comed it
| unber rray be forned in a batch sem bat ch, or
rel gHei ATABL SUSTREHTVB¥ES, FHEORSEaPRpileOTOPALYESHS i nuous
operation, polynerized (and polynerizing) materi al
| eav Regrdshﬁtaﬁ'xé suitkhie ¢@hpesitiomprangea lfor syatrghodamben impercent
post - extruder fibers, tows, or rovings) is supplied to

based @ HeRGtap x&hﬁaaﬁev&h‘r;& ﬁfoava&ep%owdee rBélowlal

constraint to the nate can be wused to

pattern. th urfaces of t resul.tin pthetic | unber
Wi t hié OZY‘zld woodgr ai # 8‘11t (le)f u&i%“éé in order
to make the material nore comercially 14 ATLLIBO
1909 ¥sxiblewolRO05/ 072188 ORCELUSTDSLB01570

Surfactant about 0.2 to about 0.5 wt%
Skin forming catalyst about 0.002 to about 0.01 wt%
Gelation catalyst about 0.02 to about 0.1 wt%
Water 0 to about 0.5 wt%

Chopped fiberglass 0 to about 10 wt%

Pigments 0 to about 6 wt%

Inorganic particulates about 60 to about 85 wt%
Isocyanate about 6 to about 20 wt%
Axial tows 0 to about 6 wt%.

15
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desirabl e. For exanple, a conveyor belt system
conprising 2, 4, or 6 belts nade from a flexible

WO e@s07418%i ng wood grain or other design nol depPlCT/H82065/001570
can be used. One such suitable systemis described in

Pockahraehimgtn R R R Rneh aibhEhtRhon-

contents of which are incorporated herein by

lingitisg exewpledesi rably, the belts are fornmed froma
self-rel easing rubber or elastoneric material so that
BEXAMPILEnot adhere to the polyner conposite. Suitable
belt materials include silicone rubber, oil

| Dt SO BBl RL Dafosifltn VA8 LREEE BF ifIHE R 9.5 wits rigid

necessary coate rel'ease agent,

such N es,. ar, flyoropol r.s.

Ryl LBV TRAROL 408 3Pk Qo farhlier ReltpldARGRL LG-56,
synthetic lunber, in percent based on the total

Bayepo 8i3t wt% snfestani/ wettingagenr(B-d 8@, Aw|Ryodudss)gD @05 wt% film
pol yol about 6 to about 18- w% Flexible polyol 0 to

foRRinl okBat ¥ cawlyACURNS/20) OAl Plodudtd), @09 WD amini %é’lation
Skin form ng catal yst about 0.002 to about 0.01 w%

o b B AR Rkt S8 Sk a8 % Pustinalentl§ f gitve ond

Pigments O to about 6 wt% |norganic particul ates o
o 80 TBm digmgkss GVIBSPIOW wo-1pEGEg £ ELdeawHh tvagericooling tR maintain

20 wt% Axial tows O to about 6 wt% 15 ATLLIBO1
a0 8mBerhture. At a point around 60% of the length of the extruder, 4.2 wt%
chopped glass fibers (Owens Corning)with Y4 to 1/2 inch lengthswere added, along
with 4.0 wt% brown pigment (Interstar), 74 wt% fly ash (ISG), and 9.6 wt%
isocyanate (MONDUR MR Light, Bayer). The extruder was operated at room
temperature (75 °F), at 200 rpm for one hour. Following extrusion, 0.4 wt% of a resin
mixture of rubbery polyol (ARCOL LG-56, Bayer), and isocyanate (MONDUR MR
Light, Bayer) were added to the surface of the extruded material to provide a bonding
adhesive for glass tows. The glass tows (Owens Corning) ¥4 to Y inch length were
added in an amount of around 2 wt% to provide added rigidity, and were added just -
below the surface of the material producéd by the extruder.

The resulting composite material was particularly useful as synthetic decking

material.

EXAMPLE 2
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WO 2005/ 072188 PCT/ US2005/ 001570 The invention can be
further understood by reference to the foll ow ng non-

wo povsi2188 exanpl es. EXAMPLE 1 A pol yner conposPCBUS2005/001570
conpositi on was prepared by introduci ng 9.5 Mt%rigi d

oly 035
(Ao o i esgreadigh ek g b ol ot 3T S05 cRgttea with 1.9
ent éDC—197 Air Products), 0.005 wt% film forn ng

v geniblepalyelBaygso QU %Qvt‘zfczsurﬁwam@@ub%) Watsr B2 Wit

wt % am ne gel ation catalyst (33LV, Air Products), and

plEréntWt PH0GL #1%aSL 28aurpagc tigentalysn, dnde). rt¥e33H0W andhe gatalyst,
100 mm di ameter twin screw co-rotating extruder with

Ao el TP SRR e i o
A SR B RS B .0
p

i gment (Interstar) 74 M%fjeg ash (1SG, and 9.6 wt %
wt$ocappat dr¢wkiber 3M?wtt%gﬂmopp glesy (0.Zhim. diarmaierds andes
operated at room tenperature (75 F), at 200 rpm for

2888 oRAY 5.2 kabd WAtoREing iy ddh ividde aBdéH MdPmBiedXof 88 kétonds. The
mxture of rubbery pol on (ARCOL LG 56, Bayer), and

ana ,
R ARl M D Rt Y Bl 0508 8%99@%0%?@331 of
adheS|ve for glass tows. The gl. ass tovvs (Onens :
96%r, 18 seljyls epaeniopi1g4%s, 3 B9V X aefsHisampaate samtsat. and ardiber content of
amount of around 2 wt%to provide added rigidity, and

4k calabd eckightSfaseden th thfakcompbsitien ofilekdeotedbéterwise. The
produced by the extruder. The resulting conposite

rér%lgtgﬂr% %a?e%rﬁgtagﬂ% g&l frHEe Shisic RbAeSdaradecki ng

EXAMPLE 3

In a batch reactor, 16.4 wt % rigid polyol (Bayer 4035) was combined
with 1.9 wt% flexible polyol (Bayer 3900), 0.2 wt% surfactant (DC-197), water, 3.2
wt% pigments, 3.5 wt% chopped glass (0.25 in. diameter), around 0.4 wi% Mohave
bottom ash, 0.0001 wt% UL-28 organic tin catalyst, and 0.1 wt% 33LV amine
catalyst, and thoroughly mixed for 1 minute. 31.5 wt% Wyoming fly ash was then
added and mixed for\an additional 1 minute. Finally, 17.3 wt% isocyanate (1468A,
Hehr), 0.9 wt% chopped brown fiber, and an additional 25.2 wt% Wyoming fly ash
were added and mixed for 30 seconds. The resulting material had a resin content of
36 %, a ratio of rigid to rubbery polyol of 90%, a solids content of 64%, a 10% excess

isocyanate content, and a fiber content of 4.4%, all by weight based on the total
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ATLLI BO 11909958. 1 WD 2005/ 072188 PCT/ US2005/ 001570 In

a batch reactor, 16.4 w % rigid polyol (Bayer 4035)
wo@somms ned with 1.9 wt % flexible polyol (BegEUS2005001570

3900), 0.2 wt% surfactant (DC-197), water, 3.2 wt%

igments, 0. wt.%% L. - ke j D s .
oBnPOREs st Bfed i ST AR e e A e P forming
1 mnute. 31.5 % Womng fly ash was then added and
syitketdc fuspberpogtdsi t i onal 1 ninute. Finally, 17.3 w%

i socyanate (1468A, Hehr), 0.9 wt % chopped brown

fi befFor 3aéh vf Bxahplepeding3asmte Gvadmddad iamoette showabdlow (in
an additional 25.2 wt% Woning fly ash were added and
pRLREbdLRE oﬁQOﬁ??B%i; g/dd@?l% ply8RHl }%ﬂ@?_@t’d@to? 'Eﬂeatlegllélﬁﬁg #naterial

9

resin content o a‘ratio o igid to rubbery

ol yol of 0% sol i ont e 0 % a % excess
el tspieded Biseates Praitsed SFIAs6r aoapC i rafact fesh A€ Eiftucted by
by wei ght based on the total conposition unless noted
hevimgra/ZG(elb Mhaer jume sulani i¥gnetspan; ol syndstis limbgs watd 2 x 6

form ng synthetic |unber boards. EXAMPLE 3 In a batch

iR @RS @Pporldl bowk 16 hotihd fied ¥ BkighBayMiout Ibin R Sir, and
conmbined with 1.9 wt % fl exi bl e pol yol (Bayer 3900),

0..2 Wt % surfact ant - 197), water, 3.2 w % pignents,
ega]ga%gbwiﬁggﬁg%e%?agég%%g% in. dianeter), around 0.4
wt % Mbhave bottom ash, 0.0001 wt % UL-28 organic tin
catal yst, and 0.1 wt % 33LV am ne catal yst, and

t horoughly m xed for 1 mnute. 31.5 wt% Woning fly
ash was then added and m xed for an additional 1
mnute. Finally, 17.3 wt% i socyanate (1468A, Hehr),
0.9 W % chopped brown fiber, and an additional 25.2
w % Wom ng fly ash were added and m xed for 30
seconds. The resulting material had a resin content of
36 % a ratio of rigid to rubbery polyol of 90% a
solids content of 64% a 10% excess isocyanate
content, and a fiber content of 4.4% all by weight
based on the total

18

ATLLIBO1 1909958.1



17 ATLLIBO 1909958.1 WO 2005/ 072188

PCT/ US2005/ 001570 conposition unl ess noted ot herw se.
wab@sneaes ting material was suitable for formPQI/US2005/001570

synthetic | unber boards. For each of Exanples 2 and 3,

water [was [addgd i n amounts shown below (in percent
aged|on totlal| pol yol added); physical properties of
+“§}3L%{'r material were tested, and the results
Rrgvged bellow. The 200 |b inpact test was conducted
byg havilng @ 200 I b man junp on an 18 inch span of
synt hetijc |l unher board, 2 x 6 inches. supported above
the ground firgm a height of about 1 ft in the air, and
Bval uatipg-whgt her the board breaks. 18 ATLLIBQO
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wEANs0BA895/ 001570 EXAMPLE 4 Fi ber gl ass rovi nBGT/US2005/001570
(Ahl strom 0.755 g/ft) or brown basalt rovings (0.193

%@Wre positioned in a 24 inch nold for 2 x 4

hetic lunber, and stabilized to Iim't

movement relative to.the m)ldsrfa %E a(ﬁ

in f Adbarelaes romResdd ey, AP gét)l@é(éﬁ far@wmgﬂ(@ T3 g/ft
rovings were applied dry, coated and pre-cured wth

wehe pssitibhet inca 24iiearmeldrfpod ixt4 meh pnthetsc hsmbeanahd stabilized to
chopped glass), and wet with a mxture of 49 wm %

1121“50{1{{{)V8%6M911612&M61Ltg BANGo1 93 Pce 90&1%% 1‘@5%?151%rﬁ&ﬁttﬁ@hlold

wt % am ne cat al yst (33LV), and

wt % i.socyanat e. ( Hehr 6
SN GEALS KEFBEPIR: uf & St B PR, %ﬂa{fi(g & Pre-cured
w%rigid polyol (MIULTRANOL 4035), 5.5 wt% flexible
with thelsyrithietiT Ranlear coggmsitiond nuisusvshy andrabappeshglass), and wet with a
(DC-197), 0.07 wt% water, 3.7 wt % pignments, 0.003 wt %

nBkEae bf 49 Wveabdl p&?ol((NﬂJE@RAAU@LBO@SMQI@& wtd GufFadiant (DC-
wt % ami ne catalyst (33LV), and mxing for 1 mnute,

158 @fzgcf%'t%%n%ﬁe 4atihy W RN nd 4y 58500, [EodyA%td @lent 14684).

To the mold was added a synthetic lumber mixture, formed by combining 16.6
wit% rigid polyol (MULTRANOL 4035), 5.5 wt% flexible polyol (MULTRANOL
3900), 0.16 wt% surfactant (DC-197), 0.07 wt% water, 3.7 wt% pigments, 0.003 wit%
organic tin catalyst (UL-28, Air Products), and 0.1 wt% amine catalyst (33LV), and
mixing for 1 minute, then adding 26.4 wt% Wyoming fly ash, mixing for 1 minute,
and finally adding 20.4 wt% isocyanate (MRS4, Bayer), 1.1 wt% chopped brown
fiber, 3.4 wt% chopped 0.25 in. ﬁberglass, and 22.5 wt% Wyoming fly ash, and
mixing for 30 seconds.

The physical properties of the resulting boards were assessed, and are
indicated below. Control boards were also prepared to different densities, and their
physical properties evaluated as well. The axially oriented rovings greatly increased
flexural strength, with little added weight. The rovings tend to have a more

pronounced strengthening effect as the load on the material is increased.
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and finally adding 20.4 w % i socyanate (MRS4, Bayer),
1.1 wt % chopped brown fiber, 3.4 wt% chopped 0.25 in.

wo ewsogliass, and 22.5 w % Woming fly ash, andPCPUgiong001570
for 30 seconds. The physical propertie f the

resul t arldd Jerle faskekspd| ang are¢ |i ndicated
bekow. ol| hoards mere|l alsp preparedito different
gesshl | \nd tlhei r| |phys| cal | propenties eval uated as
el ) Ba19|y; |av irerss 69| 2 051 Aot | g @ael|y i ner eased
ﬁlgxggl engtih,| with ITtt|€|3ddded|wei ght. The
rogi it tlo |have a npre | prohounced strengtheni ng
efEect ei|lgad on the material [i$ iingreased. 20
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0 " he ggfﬁthﬁﬁ 4%%@('%%% Mg‘tﬁe iivehfloh Qs/.als Yourld tgq% %)good fire

0]0) yam w cn to

0 Lni b d
rejayglant proper%es ac 1ev1r?g gﬂame spread 1n2féx of 25t zlto producg only small

quantities of respirable particles of size less than 10 um when sawn. It provides
excellent compressive strength, screw and nail holding properties, and density.
Extruded composite of the invention generally provides mechanical properties that

are even better than those provided by molded composite.
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~Si- MJ) i- 0000O0OO o0 X0-2=m, 22277777 wWw
wwww WO 2005/ 072188 PCT/ US2005/ 001570 The synthetic

wo coobmer21gs oduced by the invention was found toP¢EUS2005/001570
good fire retardant properties, achieving a flane

19? 1?5 and to produce only small
guan %le pirable particles of size |ess than
10 m when savvn It provides excellent conpressive

strength, screw and nail hol ding properties, and
density. Extruded conposite of the invention
IgenerAlpblymeranatdiescomgpizita ntddrighy apeprisies t hat  are
even better than t hose provided by nol ded conposite.

peTs Olbooa baTHT mﬁi@%@&%ﬁ%@ﬁéremﬁo&nﬁwm comprising:

matri x conposite material risi.n

pol yur et h% f ey IBVGFE%QIP 1@8%1%%5%1?03}% o dirigpyanates;
conprising: (a) one or nore nononerlc or oligoneric

poly- or dP)i scciieshatadyol selepteddrdm thst gnoup yohsistiigef mayether

fromthe group consisting of polyether polyols and

podyoleaiidpolyestyopslyolalivigy a firétradleblhekuight; angi ght ;
and (c) an optional second polyol selected from the

group cong f/t | ng, %t1on€?%§68ﬁ$gélgppée\fg&§d ﬁ‘pfi} t%\%g&?qqg%tslstmg of

polyols |ng a secon
r r wei and (2) an optional
(’i’é’if%ﬂqo S?tﬁ’e %59 sy Rayang 6ﬁe@mdan?ﬂﬁﬁ8ﬁ’ew7cghb fower than
oI i gorrer i c pol y or di-isocyanate with water which has
thesrst optleaial wyightded t o t he
(2)  an optional polyisocyanurate formed by reaction of a monomeric or
oligomeric poly- or di-isocyanate with water which has been optionally added to the

reaction mixture;

(3)  an inorganic particulate material.

2. The polymer matrix composite material of claim 1, wherein the material is
foamed.
3. The polymer matrix composite material of claim 1, further comprising one or

more inorganic fibers disposed throughout the polymer matrix.

4. The polymer matrix composite material of claim 1, further comprising axially

oriented fiber rovings disposed on, in, or beneath the surface of the composite.
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reaction m xture; (3) an inorganic particul ate
material. 2. The polynmer matrix conposite material of
wa@b@soraigs wherein the material is foanmed. 3. HGBUS2005/001570

pol ymer matrix conposite material of claim1, further
conprising one or nore inorganic fibers disposed
t hr oughout the polynmer matrix. 4. The polyner matrix
conposite material of claim1, further conprising
Saxi alThe Polymenmadis fyypostisynsgdalpicymel wheremhe gecond
beneath the surface of the conposite. 23 ATLLIBO
pbBRHAST Sroly D BRQEAI(T 24 AgroRETH¢I8260 H/aDd B30t 2B wi%khef the first
pol ymer matrix conposite material of claim1, wherein
ﬂol‘sf‘etﬁé% 1. pol yether polyol is present in an anopunt
bet wee and about 20 wt% of the first polyether
polyol. 6. The polyner matrix conposite material of
claim1, wherein the inorganic particulate materi al
IS present in an anount rangi ng between about 45 wt%
Gand afwwroly®er mathx eempesiisrnatpdal oftcdaimb; whereigfthe frorganic
conposition. 7. The polynmer matrix conposite materi al
pafticillae Maleria\'llﬁﬁFrHsﬁnttih aniap@ugaringingisetiveenhibdie 45 wt% and about
material is a fly ash, bottom ash, or particul ate

I . - ' te material of
S?I ‘g%’ﬁ I?La,ge(\i/\,i-‘wgg?két?ﬁ}t%llﬁ&g%fggif@ﬁﬂg%ﬂn?cuI ate materi al
has a particle size distribution ranging from about
0.0625 in. to below about 325 nmesh. 9. The pol yner
matri x conposite material of claiml1, wherein the
7. nor gl molymar thatiix edreposateenatatialodivladimb, wessintthamorganic
about 0.5 w % wat er.
particulate material is a fly ash, bottom ash, or particulate glass.

8. The polymer matrix composite material of claim 1, wherein the inorganic
particulate material has a particle size distribution ranging from about 0.0625 in. to

below about 325 mesh.

9. The polymer matrix composite material of claim 1, wherein the inorganic

particulate material contains less than about 0.5 wt% water.

10.  An synthetic lumber, comprising the polymer matrix composite material of
claim 1;
wherein the composite material comprises a relatively porous material and a relatively

non-porous toughening layer disposed on and adhered to the porous material.
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10. An synthetic |lunber, conprising the polynmer matrix
conposite material of <claim1l;, wherein the conposite
wOorai0s/07aB8 conpri ses a rel atively porous mat eri BET/HRHOF001570
relatively non-porous toughening |ayer disposed on
and adhered to the porous material. 24 ATLLIBO
1909958.1 WD 2005/ 072188 PCT/ US2005/ 001570 11. The '
synt hetic | unber of cIaLn1ﬁg having a sjze and shape,
1éor r dbsspaihelc fgnbenpficlaim t haeing;aizgand shapg spaesponding to
| umber products. 12. The synthetic |unber of claiml1l1,
tivi of edbmmnidteialy avhiéible lumbdb@rodumtpr i ses at | east on
surface that has been enbossed or inpressed with a
pattern. 13. The synthetic |unber of claim13, wherein
the pattern conprises a sinulated wood grain. 14. A

th of praduci ol r,mat.ri x co site .
185 e ghegis bt dhs Ty | T ovieBen e AR LBioch sgmpges o
a first nol ecular weight and a second_ﬁol yet her
lqpst g butiznei that asdeen noibassed ou imprasetdgivith laipghiern. t han
the first nolecular weight with one or nore
catal ysts, water, and optional surfactant; (2)
optionally introducing reinforcing fibrous materials

nto S, Yol : : i ) .
ko TS ool CORESR PR bl st
di -i socyanate into the m xture; and (5) allow ng the

#d8Wi c reaction to proceed without forced cooling
except to control runaway exotherm thereby formng a
pol ynmer matrix conposite. 15. The nethod of claim 15,
further conprising extruding the m xture or the

1801 Y b iRSd &£ pr6QHRAS b Bl A ixaotifsite, comprising:

(D) rnixing‘ a first polyether polyol having a first molecular weight and a
second polyether polyol having a second molecular weight higher than the first
molecular weight with one or more catalysts, water, and optional surfactant;

(2)  optionally introducing reinforcing fibrous materials into the mixture;

(3)  introducing inorganic filler into the mixture;

(4)  introducing poly- or di-isocyanate into the mixture; and

(5) allowing the exothermic reaction to proceed without forced cooling

except to control runaway exotherm, thereby forming a polymer matrix composite.

15.  The method of claim 15, further comprising extruding the mixture or the

polymer matrix composite through a die.
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25 ATLLIBA 1909958.1 WO 2005/072188

PCT/ US2005/ 001570 16. The nethod of claim 16, wherein
w@roosma88 a portion of the m xing or reacti on, PCDUS10%/601570

occurs in an extruder. 17. The nethod of claim 15,

fur t Y ' - | - P X . :
1 potte ORI TR, SHeEih AR B o B e inips or reaction,
claim 16, further conprising form ng the pol yner

FrROH} QCCUELBS X EdCht 0 a synthetic |unber. 19. The

met hod of claim 19, wherein the form ng conprises

shaping the polynmer matrix conposite into a size and
shape suitable for synthetic lunber. 20. ; The nethod

f cl@i i B ' '
12. Bl téBod Wrel£mn 5t AgHe? clﬂlé%glts ng' &Bﬁﬁnézglggfo%}?ﬁ?hrgamx

nbossing or inpressing at ne sur

ol r.matrjx. c osite wwth a pattern. 21. The
Cﬁgﬁégﬁe r{g@ldfisﬁ?(gg?apﬁher ein the one or nore catal ysts
conprise a skin- formng catalyst. 22. The nethod of
claim 22, wherein the skin-form ng catal yst conprises

an organic tin conpound. 23. The nethod of claim15,

18her éitie tbthod g ctimnid, Curttad abypiisingfopningehea pgBmadrireatrix
catal yst. 26 ATLLIBO 1909958.1 WD 2005/072188

Ctg}%/oé{g%ggélag%@ggf 198be The nethod of claim 24, wherein

atron“catalyst conprises an amne. 25. The
nethod of claim 15, further conprising introducing
axially oriented fiber

19.  The method of claim 19, wherein the forming comprises shaping the polymer

matrix composite into a size and shape suitable for synthetic lumber.

20., The method of claim 20, wherein the forming further comprises embossing or

impressing at least one surface of the polymer matrix composite with a pattern.

21.  The method of claim 15, wherein the one or more catalysts comprise a skin-

forming catalyst.

22.  The method of claim 22, wherein the skin-forming catalyst comprises an

organic tin compound.

23.  The method of claim 15, wherein the one or more catalysts comprise a gelation
catalyst.
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rovings into the polynmer matrix conposite. 26. The
nmet hod of claim 26, wherein the fiber rovings are

wo ndosocised on, in, or beneath the surface of P€h®ES2005001570
conmposite. 27 ATLLIBO 1909958.1

24.  The method of claim 24, wherein the gelation catalyst comprises an amine.

25.  The method of claim 15, further comprising introducing axially oriented fiber

rovings into the polymer matrix composite.

26. The method of claim 26, wherein the fiber rovings are introduced on, in, or

beneath the surface of the composite.
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