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

These materials can be are relatively low density, due to their foaming, or high
density when unfoamed, but are extremely strong, due .to the reinl‘orcing particles or
fibers used throughout. Their polymer content also gives them good toughness (i.c.,
resistance to brittle fracture), and good resistance to 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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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
preducts. Moreover, Stobby does not disclose or suggest a composite material that is
“self-skinning,” 1i.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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Structural stability an

serve to provide a blowing agent to the reaction mixture, resulting in a foamed
structure, if such is desired.

The composite material_,c_)f th; invénﬁon 1s 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 inérease flexural stiffness, or by adding
pigment or dyes to hide the effects of scratches. This can be done even after the
material has been extrude(i. Third, the material is self-skinning, forming ﬁ tough,
slightlf porous lafltlar that covers and protects the more porous material beneéth. This

: tgugh, continuous, highly adherent skin provides excellent water and scraich
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acceptability of products made fromthe conposite. In
LR esite padteiale CEREMSent , the invention relates to a
pol ymer matrix conposite material, conprising: (1) a .
pol yur @ hanepblynredenb formeathy reactién 68) one or nore
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(2)  optionally, a polyisocyanurate formed by reaction of a monomeric or
oligomeric poly- or di-isocyanate with water or other blowing agents;

(3)  aparticulaie inorganic filler.

As indicated abox_re, the f)olymer matrix composite material of the invention
can have a variety of different uses, Howevér, it is particularly suitalglé in structural
applications, and in particular as an synthetic lnmber. 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. |

1t has been found that the process used to manufacture the polymer matrix
- composite material and tﬁe synthetic lumber formed therefrom'can have an impbrtant
impact on the appearance and properties of the resulting material, and thus on its
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can have a variety of different uses. However, it is
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acceptability. Accordingly, another pa

 productg. o Hsisthe PR Bink R eibnb iy ol e g et

first polyether polyol having a first nolecul ar weight
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The materials of the invention, and the process for their preparation, are

environmentally friendly. They provide a_mecham'sm_ for reuse of particulate waste in
a higher valued use, as described above. In addition, the process for making them
optionally uses water in ;the formation of polyisocyanurate, which releases carbon
dioxide as the blowing agent. The process thus avoids the use of environmentally
harmiul 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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except to control runaway exotherm The materials of
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" One of the desirable properties of the material is its
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2005/ 072188 PCT/ US2005/ 001570 The pol ymeri c phase :
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can be MDI nononer, MDI oligonmer, or a mxture
LAY RRb ollfic ALY Gt bar B ulHCRNSPR Rferiflh PR EALRARR o 15
lower volatility and lower toxicity. Other factors that influence the the particular
MDI or MDI mixture used 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 sigﬁiﬁéant 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 generaliy 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
chalkiﬁg. Since ié;)cyanate mixtures normally regarded as suitable for outdo.(.)r use

(generally aliphatic isocyanates) are considerably more expensive than those used in
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overal | properties, such as the amount of foam ng,
strength of bonding to the inorganic particulates,
wetting of the inorganic particulates in the reaction
m xture, strength of the resulting conposite
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the invention allows the use of isocyanate m xtures
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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,
rigid (relative to the second) polyol and the other a higher molecular weight, more
rubbery (relative to the first) polyol. The amount of rigid polyol is carefully controlled in
order to avoid making the composite too brittle. An amount of flexible polyol of between

about 5 wt % and about 20 wt %, more particularly around 15 wt %, based on the total



equi val ent NCO group to 1 equivalent OH group fromthe
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NCO groups. Suitable isocyanates include Bayer MRS-4,
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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 brown to initiate reaction between isocyanates and polyols, such as



particulate paterial. So-called "EO' tipped polyols
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: i-t.0kS desired to avoid "frosting" of the pol ynmer
%??gﬁ/dg%ls\?\hen exposed to water. In general, d%(ﬁ”{/péagp%omsm
pol yol s include polyether polyols, such as MIULTRANCL
@EBEpecpptaiming catalygtsMiloBRATIA BEOOMduetrifk HRANReARRfne, , tin-,
et hyl ene glycol, diethylene glycol, triethylene ,

ahet6@y- afld Pipiih RBAtaSHiNE BAt C oAk Mt e
4- di oly, neopentyl SF{%%I , ol , Sgp?gg%cﬁg%ieg#é%ﬁm&MdmpldﬂyOf

t [ i-tol.. 1, 6- iol, 1,3-

%ﬁ{}"r ?ﬁéﬁegé hé%:ab}enﬁ%hdﬁlgﬂgfée%tagfég mgq?mg\,a cafalyst that provides
pol yt et r amet hyl enegl ycol et hers, pol ythi oet hers, and

Sveiall qyringanagelation, and aoethentiat prolvides bapid saufate curing to form a
pol yester polyethers, and mixtures thereof. The
ploinyenkiselinsieatengdkiles. TFe€ &xtingple, Blkquid auk @ O0F 1 pA{3i-containing
conpatibility problens in the polyneric conpoSite. As

L VSnin j t.he j.nyention can
gﬂg}ﬁﬁfﬁo e pr ep%%ga&%@g émbéﬁﬁgéatnhbee E}ngleéb? @?@Q@ﬁ%@tﬁr than

i f ltiple polyols a used), and then m xing them

s ek Pt PP bt (@Ehoh gidaebopstion mixtire) or es,
surfactants, and foam ng agent, and then adding the
derenging on Perlengthofveriphtime desineh Taoymuicki datdly€icas result in
fiber, and finally the isocyanate. One or nore

Spdrohnisd, SWIRER cOA0EMe Bhi ifllont '

time of the gol ymer %lgmgg%?ﬁglgﬁ%g%%rﬁ%ogntﬂgﬁﬁg&%
] te t hese be se]ected from anong o
¢l ?8%"‘1 %‘qf?m Ayactal %‘é&?%ﬂl Bereely shane( s RRS@gching; in
and pol yols, such as 8 WD 2005/ 072188
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‘wetting agent and assist in mixing of the inorganic particulate material. The
SUffactant also stabilizes bubbles formed during foaming (if a foamed prodﬁct 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
mixfure. 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 Producis), and other nonpolar and polar (anionic and cationic)

products. .
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overal |l curing via gelation, and anot her that provides
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foaming (if a foaned product is desired) and o

ﬁ@s&’ba\dﬁé@ﬁrdd&@t G, asslyQpeh, it bOYAE GRREE B! is Qﬁ%lﬂ& @8mpatible”
so that the polymeric "matrix covers and bonds 10" a

[ r rea. -Surf. can_be.used .i.

ST o5 GE RS BobRini SPE G R ot DlrGuathot igh Sugy yels, and
based on the total weight of the mxture. Excess
anerppatile sty the pagef reaorcingiiibess.e ihes Jommingragents will not
absorption, which can lead to freeze/thaw danage to -

pheduce Miposirhe fonmi sttudhre aSiid bistained suthiagleant s have been

found to be suitable for use in the invention.

A 8 M R AR Sonl A o e

d cationi ducts.. 9 ATLLIBDI_ 1909959. 1.
%%eﬁé:%ggcs ?c{y%g’%%@s,s friaten arounﬁ%.?. wi%, based on 1}{;16) total Weight‘

of the reaction mixture) infroduced with the other components as an “impurity.” On

the other hand, excessive foaming resulting from the addition of too much water

(either directly or through 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 bave an important effect on the
density of the resulting composite material. This amount generally ranges from about
0.10 wi% to about 0.40 wi%, based on the weight of polycl added, for composite
densities ranging from about 20 1b/ft’ to about 90 b/,
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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;4:1]\.

Foam ng agent-.may al so be added to the polyol mxture

if a foanmed product is desired. Wile thRese may

j N gani ¢ bl owi ng agents, such as hal ogenated
W}Q/’ rﬁg{’:@rz 8ns, hexanes, and other materials thatC1/US2005/001570
vapori ze when heated by the pol yol - isocyanate

r ezobinations df thess. Hiapicatlgyhe reibfdrcingtfbers ange fBnd A%t 0.125 in. to
expensive, and reacts wth isocyanate to yield C02, ‘

WHARA 1118, hBRY ﬁartléﬁ{iﬁ SRM0RE0 2890 t@%ﬁ puphe ?e grr?ﬁgorcing

the process.” Equa as | nportant, provi

type of pol yuretha ells desirable .in f oaned . )
oA Grvefife ditietiad affod Skt Gl fentouRleappgve) iscrease
highly conpatible wth the use of nost inorganic

o33 $ti1‘émsata@dﬁ:irwiéc gcrgmmed fomghness Yirapachstgingth bi msistance to brittle
l evels, and is conpatible with the use of reinforcing

firbanse). Bihess, fRMB)6r REAThEreide lextedl sﬁfﬁl%%ﬂ%l??e&arf@sistmlce.

sane foam structure as is obtained with water.

+.S: 1O 5 1110 me_f oam n .

e @ inchiSioRe ¢ B bUGREEREHhL R of By S Beethor with
qtglanti.ti els of water (qa{round 0.2 w% based on the )
t9E APHgRA! SREtactants; andl the arganc RiTkewlete sizasmsedmekiel the eamposite
the other conmponents as an "inpurity.” On the other
hefithe inventias partictinslyiang sogsisingiygell soited foe ivdelion ofrediforcing
too nuch water (either directly or.-through the
i N 1 u o, i i .
e e i er PN hIGSRERATY S8l PR AGR o mopfinsop istort the

a orbent, such a “IT" powder. The anmount of
%8?@1'%%52% @H& %Fﬁeﬁ?etlﬁg )?g?lﬁ\ﬁ %&e Gﬁg}pgsgq:] SYSH3®r t ant
effect on the density of the resulting conposite
mat er i Ialaddifiendo amdusion géresfatding fiberg éo thopolgblomixture prior fo
0.10 wt% to about 0.40 W% based on the wei ght of

pellyetriatidadoridotd SHRPABE €an 880BE hitRIuba BikdheldoBiPosite after
about 20 Ib/ft3 to about 90 Ib/ft3. Reinforcing

f C ' d N -he, pol yol. .m xtyr
RPN BN o REAGR) Ao YR
include fibers per se, such as chopped fiberglass, or
Ks&,igg@s Srmgs} eangiesirablyrbenyetied withie mintire elpalyel (Grically a

| i near tows, or

higher molecular weight, rigid polyol) and isocyanate, but without catalyst or with a

slow cure catalyst, or with other rigid Qr't_hennosetting resins, such as epoxies. This
allows the';?vetted fiber to be incorporated into the composite before the newly added
materials can cure, and allows this curing fo be driven by the exotherm of fhe 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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10 ATLLIB011909958.1. R di i W) 2005/072188

PCT/ US2005/ 001570 conbi nations of these. TFypically,

t he reinforcing* flbers range from about 0.125 in. to .
wbaudst2ise, nore particularly from about 0.25 PgT/US2005/001570
about 0.5 in. Thereinforcing fibers give the

L N LT T ——

i ncreased toughness (1 mpact strength or.resistance to
relatively lowrdsgsitieefe. g Fatiout 28, toebowiiys Ib /81)-t ows i ncr ease
flexural stiffness and creep resistance. The

i ncl upipRepfortdie dBabelad@dio thepylyobiibane: dratandideaided at other
the invention, 'together with the optional

surf d l1a

R BsTesd ThE g %‘"’f‘ﬂt‘ée%?.‘%*n&%ar? gt yﬁﬁ@m
surprisingly well suited for i ncl slon 0 forC|n
fnaerial merercoavmerciplyecrentablgmens tﬂlt?ﬁl*’%;ﬁﬂtﬁtﬁ itpfaide an
expected to rupture or dlstort the foam bubbl es and
deciters ¢hdt neight foemgh theofurfaoe of thepostetiel. shygtierheximples of
addition to inclusion of reinforcing fibers'into the

gﬂ#ﬁﬁ?ﬁtfs 'f%&fﬁ&g fFo® Bk icalt® hadBR ih 28 {dudfy raﬁ%in%rﬂ‘(ﬁﬂ about 2 wi% |

ers can a so e I'ntroduced into the conposite
aft xtg the exits. the ex#ruder
aabewt 5 151 Rl eF e ectioh Mg no
strlngs) can deslrably be wetted with a ntxture of

pol yol THetippiganici partéculiii ghesc ireh swpodantedtytet of the givgntion, and is
pol yol ) andi socyanate, but w thout catalyst or with a

%kﬂWaH}ﬂf)t%s&ﬁtlﬁhﬁﬁhntsQEngﬁ] Betotdag abbuili Twidk to about 85 wi% of the
rnmosetting resins, such as epoxies. This allows

HORLPEPRE iRk R afipdnd ﬁ%ﬂ%@ﬁtoaaéﬁﬁgﬁ%ﬁaﬁ%ﬁn%mﬁt 5o
thls curing to be driven by the exothermof th

dnezsasey diffipuitydn puripgemakimgthemsinsion s aeqttrgctant more destrable.

The inorganic particulate material should have less than about 0.5 wi% water (based

on the weight of the particulate material) in order to avoid excessive or unconirolled

foaming. -
Tt is generally desirable to use particulate materials with a broad particle _tii;ze

distribution, becaus.e this provides better particulate packing, leading to increased

density and decreased resin level per unit weight of composite. Since the inorganic

-Aparticulate 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

12
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Wiet her added-before or after polynerization and
extrusion, the!conposite material of the linvention

' pol ymeric matri x phase that is strong| o
ﬁ@@@%&?bﬁ the di spersed reinforcing fibers, PgT}{JSZGﬂD’““‘?’m
i ncreasing the strength and stiffness of the resulting 7
ldesdbleb30duk8 @09 08ifbriV\d 263t ¢hes | Edhth0d 642 0ADOR QR can -
material. This enables the material to be used as a

|Gl t I .

ol fitofle EUBALIE oo BfopeRiito Hhe pioBh bt thlys Blfusion of
ot dye can be added to.the polyol mxture or can. be i
RoraRn Bupigles “gaa&h%rg knAvpHfe fede weathofiRg prjsrtion tp plastics,
optional, but can help nake the conposite materi al
remdghe effeeirafiophiue abpapicits whichnbleckdU ¥tlight t,iand contaths some
help to hide any scratches that mght formin the .

SHéthBRAspebick HACHRS RictaR bxidEy RilGsh afXRHRY & todfrov Rl HaRHoRal
i nclude“iron oxide, typically added in anounts rangi ng

f % 1 out. 7 % hased on, .the total
A8t tneg Ml RaR Rations Sr0ma WRS (G VinaSh Br botite
particul ate phase is an_irﬁortant feature of the
iglanshabssibs Igprerig, degpnsing thy cprtad dhr compasifsury &:1 mixture of coal
rangi ng between about 45 wt % to about 85 wt % of the

tibt adh amdroivind ashrhas afsorbeas fngdttb depuitaile bk g i@brganic particulate
inorganic particulate can lead to increased

Sy 140l N9 BER SRRSO .t ot 40
LRI A TR SR .

order to avoid excessive or uncontrolled foamng. It
issncgéheyr aelmpord agfificali ke intcorpmsate paotthe risat sy stem, eini ahay require
Wth a broad particle size distribution, because this

REaMIoAEBInBAtnRY il tHat Hhvd SubREdsh Bitboh &Reh BY f&fdry sand, to be

I ncr eased ‘
-added. Fly ash produced by coal-fueled power plants, including Houston Lighting

and Power power 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 Ceniral 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

13
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density and decreased resin |l evel per unit weight of
conposite. Si ncf the inorganic particul ate is

typically sonme form of waste or scrap naterlal this
We:05/873188ecr eased raw material cost as wel | . PCT/US2005/001570
Parti cl es havi ng size distributions rangi ng from about

SRR e il RaCe Sty ARl Pkent Bt b e irosting to

can i ncl ude, ground gI ass particles, fly ash, bottom
£ORtrok gRepssiye AR ruRAVRYSXOGHASt he | i ke, as wel | as
m xtures of these. Fly ash is 12 ATLLIBOI 1909958.1

_ VO J00Tkamnpled 8 ninilii/2dhe eRipdd¥0 ta Be uskels witipctydle and additives
it.is uniformin consistency, contains some carbon

e B SRR T e e

e carb articles which are kno pr. oV,

L hEPP IHiSRRBHE BAINFEERTS éntrggiﬁac? %@eéﬁ%@n%ff&m
opaque ash particles which block UV light.,, and
sorevgicasottimg, extotdet (6. KPeumabamstec eltheughethe diaxetde san be
whi ch are believed to provide additional catalysis of

tacied ShbIRtiaT] ? EAbe ﬁs"é@{t R DnlyHaleP dodliAsEo HRNaRindSom
wi ndow or bot gl ass) absorbs |ess resin,

| easi S he co Sit

S5 EaR SR o SeSRMRERk ool i naaéeﬂals
suitable as the inorganic particulate conpositi on

Gan be anmpredyntedhe paivedey, whilgsaligwohubk addadshy w(ableghopper/screw
| ess than about 40 |1b/ft) and/or high carbon contents
(feedgr arrafi@sineht2 Onté¥algsre el Rl @ &1 Jueh Sn Subinphir@ arrangement is
since they are nore difficult to incorporate into the
;n%f i SLEM and may require additional inorganic

i rs twat have nmuch | ess carbon, such as foundry
sand, ded. Fly ash produced by coal -fuel ed
power AH gefar‘i‘@ﬂd’c%‘hfé eﬁﬁ?@%‘ﬂ&?@“ﬁﬂ@t“iﬁg EietpGiERg can take as
power plants, fly and bottom ash from Sout hern
Caig M&hwrﬁ;:ﬁrsﬁh igghemefare desirable to wait at least that long before

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 six&:tural 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) mateﬁal 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
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g,
Al AY

(Navaj o or Mhave), fly ash from Scottish Power/Jim
Bri dger powek plant in Womng, and fly ash from
Central Hudson Power plant have been found to be

g’lﬂ%"gﬂ?"é“fsor use in the invention. The processPEHUS2005/001570
produci ng the conposite material nay be operated in a

bisgtible. R R@nplR, 2 @606t baugmsemaﬁ@hsmglzx ung: @Eaitstiﬁade from
conduct ed using conventional m xers, such as Banbury

(Y RE TS RS 6 BRI Rl bl tgeg?ﬁsgn be "+ One

co rotating extruder._ Wien an extruder is us

aehsnishle syeamiin descsibed Heropengingdy. SnB@téatsAp@hcatmn Serial No.
especially if liquid polyols are used. In 13

ATLLI| BOTAHORRYIDEKEt MO 2005/ PHARESH REh/di2Ra64 1R khd Ontire
addition, forced cooling is not generally required,

enBits B%hﬁ#%@ﬁ{co@b%tb@ geltefh bﬂH}H ghe eNcE R éy Y thlolts are

runaway exot er ms or exanmpl e tiI- zone

can b used ol S an dd|t|ve troduce

S 051 ool rsigaate fRbFL e i Hibtesiat 80 Rt Howl qwgadbere
in the second zone, and chopped fibers, isocyanate,

de dh@pglrymﬂr@omppsm uBBtablabaltmeatetilsinclodesiliconasubber, oil
screw, co-rotating, extruder (e.g. 100 nm di aneter,

dhipheutifed Poly etk e(fr s§BMeRE or ¥ATTHE ulsHes § Afkck bty &oated with a

can be used, wWith only water cooling (to maintain room

e Wit hout extruyder vacuum (except for
BSR4 TPl BRSNSV SxcePt ¢
extruder, while solids can be added by suitable
hopperReupsutative suisbla compestiennl sanges ferr syathepi dargbarein percent
build up in such an exenplary arrangenent is not
Siaged b dantotal Abtriposighcagspaiticnaequovided dsmti al | y
i mredi ately, conplete curing can take as

Rigid polyol about 6 to about 18 wi%
Flexible polyol = 0 to about 10 wt%
Surfactant about 0.2 to about 0.5 wi%
Skin forming catalyst ‘about 0.002 to about 0.01 wt%
Gelation catalyst about (.02 to about 0.1 wi%

| Water 0 to about 0.5 wt%
Chopped fiberglass 0 to about 10 wi%

| Pigments 0 to about 6 Wi%
Inorganic particulates about 60 to ébout 85 wt%
Isocyanate | about 6 to about 20 Wwt%

Axial tows 0 to about 6 wWi%.
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| ong as 48 hours, and it is therefore desirable to

wait at | east thaﬁ | ong before assessing tfhe

nmechani cal prop rties of the conposite, in order to

WO 908/470198 t he conposition and the properti espPCOUS2005/001570
stabilize. As expl ained above, the conposi te materi al

.ofthe'nvent onlsavna d in structural

pr oduct 8¢ v %F%bggﬁﬁﬁ Pﬁ‘iﬁr%{ éﬁ@(’g}?} ilemng non-
| unber may be fornmed in a batch, sem batch, or
cbmitingexampleshi on. For exanple, in continuous
operation, polynerized (and pol ynerizing) materi al
IEMMBLEme extruder (after optional incorporation of
post-extruder fibers, tows, or rovings) is supplied to

a forp

o B oSy BERLA 8 RO L0 locpeing 0.5 wi i
patte sur f the resulting synthetic | unber

P oHOL b TRANOR ey Beverod S phterubies datiol (AKGPHAAC-56,

to make the material nore commercially 14 ATLLIBO

1899} 6.3 WD 20050728 RgREENIBRDAST DAXProducts)s 01085 Ivet% film
For exanple, a conveyor belt system conprising 2, 4,

Oforfirtedrledn iﬁﬁ?czftél?ﬁ@([ﬂ, fl%@%' Rl ®rb&RltS, DD WG, \ﬁgﬁ’tﬁe&daﬁon

grai n or other des ed therein can be use

%f%ﬁ&%ﬁ@ 2%&'3 stem 2 ‘1?8%3“ d i Cx%p%]g@iggzggeﬂbtothednveend

filed on even date hereV\nth the entlre contents of
vl e ) (amen dissasterdman e@eWe:oalotanng extiidewih wabersioolibg yo maintain
the belts are formed froma self-rel easing rubber or

elodfd ek Aufent 214 ?d)mﬁ:ﬁohﬁ@ﬁo%toﬂﬂlé len2f oPUBRKR1A04.2 Wi%
t he pol ymer conposite. Suitable belt materials inciude

L e R BT
a .rel ease-agent, such as waxes, silicones
fWE% ﬁébg;%ﬁggpgm pigment (Interstar), 74 Wt% fly ash (ISG) and 9.6 wi%

isocyanate (MONDUR MR Light, Bayer). The extruder was operated at room

temperature (75 °F), at 200 1pm for one hour, Following extrusion, 0.4 wi% of a resin

mixture of rubbery i)olyol (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) Y to % inch length were
-added in an ainount of around 2 wt% to provide added rigidity, and were added just -

below the surface of the material produced by the extruder.

The resulting composite material was particularly useful as synthetic decking
material.

EXAMPLE 2
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Represent ati ye, suitabl e conpositional ranges for
synt hetic |utber, in percent based on the tot aI
corrp03| tion, are provided bel ow Rigi
% 7%@8 to about 18 wt% Flexible pol yo?CTjUWt?W““bm
about 10 wt % Surfact ant about 0.2 to about 0.5 wt%

Skin firabdich fatRlyRi4 aboitigll RI7l(Baghot035) Wit cmn%ned with1.9
Gel ation catal yst about 0.02 to about 0.1 W% Water

LRI Gpoty bt (B RPRRRS, 8.5 BRVELERR e (BCARONLy &%rwwt%

Pi gnent's I nor gani ¢ par
ahout 60 5 Wm% .l socyanate about 6 to about
TRt DAl WAT o8 trgnin BBttt i Febamine catalyst
- 190959.1 WD 2005/ 072188 PCT/ US2005/ 001570 The
iamdghoticughlyanixed fout himmrie.ud s et 8ydgingetesshness then added and
the following non- limting exanples. EXAMPLE 1 A

|
Fﬁ{x%g%rcfiﬁgﬁlgﬁ%ﬁﬁ 1%%3 dﬁlh%gy 3@% \?m R&Jc @%‘%ﬁﬁgﬁ 46§A Hehr), 0.9

P Chammit e e iRt v PPl ch&ﬂ@% Gjapieters, i am

Products% 0.005 wt% film formn&; anic tin
@ddiiopal 24 2tdeMopming flymsh avese ajdedanoanimedeiand hesconds. The
gel ation

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 composition unless noted otherwise. The

resulting material was suitable for forming éynthetic Tumber boards.

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

wi% pigments, 3.5 wt% chopped glass (0.25 in. diameter), around 0.4 wi% Mohave

bottom ash, 0.0001 wi% UL-28 organic tin catalyst, and 0.1 wt% 33LV amine —

catalyst, and thorgl_lghljr mixed for 1 minute. 31.5 wi% 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 %, aratio o:t: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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catal yst (33LV, Air Products), and 0.05 wt % water as

f oam ng agent tajé\}t he drive end of a 100 n{jh"}di aneter

twin screw co-rotating extruder with water cooling to
WRRWEMAT2188 room t enperat ure. At a poi nt ar ound BOGES2N05/001570
the length of the extruder, 4.2 w% chopped gl ass

acggag)gﬁugl ong s\%B {Qﬁ%}ﬂé@%ﬁé %Igiregvm pl%%%#ﬁ%é@ﬁé ?c,)r forming
74 % fly ash (]SG, and 9.6 wt % isocyanate (MONDUR
tha%{umlggj)@@;tis The extruder was operated at room
tenperature (75 F), at 200 rpm for one hour. Follow ng
ext r u&Fop pactDoZExdrfiples 2 and 8swater wax hddet wf arnethiteshown below (in
pol yol (ARCOL LG 56, Bayer), and isocyanate (MONDUR MR

[ . h @a . .
Ik ba3ay %h)toMP_ P;eﬁ&ﬁiédj,g) it 1%213%51@3 gi;fﬁx'ét}_@sultu}%rrnatenal

éxtruded materi a 0 provide a bon esi ve

| as ws. . The gl.ass t.qw One j '/4 to /s
e el (e et SR ool Sha Ot Hattias o pducted by
to provide added rigidi t%,’ and were added just bel ow
treing @ X0hclb mén jmep emeed 8 anchopael of synthstic hignbex boarde? X 6
The resulting conposite material was particularly '

tiigshbsl buiifor @Mboet e @eekd fom ddigt ot abol PR EhSailt Gand
ATLU- 01 1909959. 1 WO 2005/ 072188 PCT/ US2005/ 001570 I n

A % rigid polyol (Bayer 4035)
%&@%@%ﬁ%&%ﬁ%@@%ﬁ fl exi bl e pol yol (Bayer
3900),.0.2 wmt % surfactant (DC197), water, 3.2 wt%
pi gments, 0.0001 wt%JL-28 organic tin catalyst, and
0.1 wt % 33LV am ne catal yst, and thoroughly m xed for
| mnute. 31.5 wt% Wom ng fly ash was then added and
m xed for an additional 1 mnute. Finally, 17.3 w%

i socyanate (1468A, Hehr), 0.9 :
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wt % chopped br.own fiber, 3.5 wt % chopped. gl ass (0. 25

in. diameter},’and an additional 25.2 wt% Woning fly

'ﬂ’ﬁ‘zoﬁ%ﬁuﬁdded and m xed for 30 seconds. The o

resulting material had a resin content, of 36 BfT/S2005001570
f—r+gid— o0 rubbery polyol of 90% a solids

rat+-o

gontent} o a 10% excess isocyanate content, and a
- flisht go tent|] of 4.4% all by weight based on the

gt af 59 kon unl ess noted ot herwise. The

nes @ tring i al was suitable for formng synthetic
lfu r |bo EXAMPLE 3 I na batch reactor, 16.4 Wt %
rgid ot ayer 4035) was conmbined with 1.9 wt%
fiLex blle, ‘(Bayer 3900), 0.2 wt % surfactant

, 3.2 W% pignents, 3.5 wt % chopped

di aneter), around 0.4 wt % Mhave
:lr:])l]001 wt % UL-28 organic tin catal yst, and
ami ne F catal yst, and thoroughly m xed
1.5 wt% Womng fly ash was then added
rl an additional 1 mnute. Finally, 17.3
e(1468A, Hehr), 0.9 wt % chopped brown
Jadditional 25.2 wt% Woning fly ash
d jm xed for 30 seconds. The resulting
resin content of 36 % a ratio of
erly polyol of 90% a solids content of
cgss isocyanate content, and a fiber
a6 all by weight based on the total 17
$59. 1 WD 2005/ 072188 PCT/ US2005/ 001570
ijtifon unliess noted ot herw se. The resulting

Al jwas |sditable for formng synthetic |unber
0
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percent based on total polyol added); physical
properties of t;hea resulting material were;tgsted, and
the results prow ded bel ow. The 200 Ib |rrpact test was -
WORIOFHE8 by having a 200 | b man junp on an IRTOEH05001570
span of synthetic lunber board, 2 x 6

B B Fhe air, and _eval uating whether the

PCT] USRI BIESTRES (ARIFOR . H & oy by RASRH Rpvinand(r93 s/8)
MMMM 00 WWO00 ~pr. O) OOO0O NNmMmMmNONe w-~

Nvare pbsitioned i 424 inchioldlfor 2 x'40Q60 synthetic lumber, and stabilized to
liﬁﬁt movement relative to the mold surfacé (about 0.125 m. in from the mold
surface) and to keep themr-taut. The rovings were applied dry, coated aiid pre-cured
with the synthetic lumber composition (minus ash and chopped glass), and wet with a
mixture of 49 wi% rigid polyol (MULTRANOL 4035), 0.098 wi% surfactant (DC-
197), 0.20 wt% amine catalyst (33LV), and 49.59 wit% isocyanate (Hehr 1468A).

To the mold was added a synthetic lumber mixture, formed by combining 16.6
wt% rigid polyol (MULTRANOL 4035), 5.5 wt% flexible polyol (MULTRANOL
3900), 0.16 wt% surfactant (DC-197), 0.07 wi% vs;;lter, 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 wi% chopped brown
fiber, 3.4 wt% chopped 0.25 in. ﬁbe;glass, and 22.5 wt% Wyoming fly ash, and
mixing for 30 seconds. | | -

The physical prbperties 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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_assessed, "and are in

m xing for 1 mnute, then adding 26.4 wt% Woming fly

ash, mxmgforfl;mnute and finally addlg;ng 20.4 wt %

i socyanat e (I\/RS4 Bayer), 1.1 w % chopped brown

WiQP&Ps/073188 \wt 95 chopped 0.25 in. fiberglass, anﬂcwsmosmuls'm
w % Wom ng-fly ash, and mxing for 30 seconds. The

physi cple @hﬂﬁﬁ&‘lﬁxﬁ%ﬁhoﬁﬁ&dﬂﬁ%&a‘iﬂ\%ﬁti@ﬂ@fag-?oﬂﬁf have ood fire
i cated bel ow. Control boards we
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orlented rovings greatly increased flexural strength,
viieptities ofire boipantickgh of sizh dess Svinnigsumevhent savie i peovides
nDre pronounced strengthening effect as the | oad on
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are even better than those provided by molded composite.
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WHAT IS CLAIMED IS:

1. A polymer matrix composite material, comprising:
(1)  apolyurethane formed by reaction of a reaction mixture, comprising:
(a)  one or more monomeric or oligomeric poly- or di-isocyanates;
(b) a first polyol selected from the group consisting of polyether polyols
and polyester polyols, having a first hydroxyl number; and
(c) a second polyol selected from the group consisting of polyether polyols
and polyester polyols, having a second hydroxyl number lower than the first hydroxyl
number, wherein the second polyol is between about 5 wt % and about 20 wt %, based on the
total weight of the first and second polyols being 100 wt %; and
(2)  an optional polyisocyanurate formed by the reaction of a monomeric or
oligomeric poly- or di-isocyanate with water which has been optionally added to the reaction
| mixture; and _
(3)  an inorganic particulate material in an amo.unt of 45 to 85 wt%, based on the

total weight of the composite 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.
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The synthetic |unber produced by the invention was
found to have good fire retardant properties,
achieving a flame spread i ndex of 25., and to produce
only small quantities of respirable particles of size
| ess than 10 pm when sawn. It provides excellent
conpressive strength, screw and nail hol ding
properties, and density. Extruded conposite of the
4. i1 Thepbiyarer geatsx abinpogiteanatdes afetdimnl, dadthgprcop@riting aixially
that are even better than those provided by nol ded
oriente@ %@ﬁfeﬁvﬁlgs% obed SBR. of DeRRTBHR MHAJC dISnEfhpEel S:
1. A polyner natrlx conposite material, conprising:
(1) a polyurethane formed by reaction of a reaction
m xture, conprising: (a) one or nDre nmononeric or
oneric pol, or di-isocya a first poly
5 LFF% BEBAT MY FuBp Bl Rt L Elong o Mty e iBpreBinic partculate
| yol s and pol yester polyols, haV|ng a first
materhs}eﬁra)ﬂyﬂslh@ﬁﬁem ashrof nedjculate glesnd pol yol sel ected from
the group consisting of polyether polyols and
pol yester polyols, having a second hydroxyl nunber
| ower than the first hydroxyl nunber, wherein the

6. S‘fﬁé’ﬁ@lyﬁfé} Yk SorRFSsIR Mt aRAWE chimtl %h%fh‘iln %QH(t)rgngic%mculate

% baséd on the total weight of thé first and Second

materﬁ?*@(soel arﬁgle%gze]cﬁ&?%tlcg{ij ara@% 9g (fé))m B (E%tdéﬂ@ ah to below about 325

I ' socyanurate F&ACti"on of
or oligoneric poly- or d|-|socyanate Wi th mater mhlch
mesh.has been optional |y added to the reaction mixture;
and (3) an inorganic particulate material in an anount
of 45 to 85 w% based on the total weight of the
conposite materi al
7. The polymer matrix composite material of claim 1, wherein the inorganic particulate

material contains less than about 0.5 wt% water.
8. 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,

9. The synthetic lumber of claim 8, having a size and shape corresponding to that of

commercially available lumber products.

10. - The synthetic lumber of claim 9, wherein the synthetic lumber comprises at least on

surface that has been embossed or impressed with a pattern.
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2. The polymer matrix conposite material of claim1,

wherein the material is foaned. 3. The polynmer matrix

conposite material of claim1, further conprising one

or nore inorganic fibers disposed throughout the

polymer matrix. 23 4. The polynmer matrix conposite

material of claiml1, further conprising axially

oriented fiber rovings disposed on, in, or beneath the
11. sUFHeayathefic iuiebe @ff plagh tl@, wherelthibie pattyriRiompaiséd Xsimulated wood

conposite material of claim1, wherein the inorganic
grainparticulate material is a fly ash, bottomash, or
particul ate glass. 6. The polymer matrix conposite
material of claiml, wherein the inorganic particulate
mat eri al has a particle size distribution ranging from
about 0. n, to hel ow about 325 nesh. 7. The

tHr‘P‘iP YIE TatrEy FOInPesite CqOMSINE: wher ei n

the inorganic particulate material contains |ess than
alfbut OiBingtebngkpdyethg. polyol dpminiget finst hydrreyl number and a second
conprising the polyner matrix conposite material of
polyetleaipoiyb] havihe b 8édontl hedeayposhbe 10wtethaf kheCM¥Phydiesylamber

relatively porous material and a relatively non-

with G &Qﬁok%&ﬂ%@ Witér MR opfio ﬁﬂoﬁ?ﬂcﬁﬁt e ad P‘f%:r s%goﬁcﬂ:édlp& is

porous nater’i al The "synt hetic | anber [al m

mlxe({]% Annzgngu % be{%v aegldpgllé)}aﬂo %}réie a%%}lg%x/? S}o,%f da %Tgie total weight of

cOnTET ¢1 al "y"av
nt hetic Iunber of claim9, wherein the synthetic
the ﬁIISE cerdipelvels bemg 1007 %pn surface that yhas been
enbossed or inpressed with a pattern. 24 11. The
s{t heopteonalipietroduingl rainfort g fihrenematetinls iptatthe nixture;
conprises a simulated wood grain.
(3)  introducing inorganic filler into the mixture;

12.

(4)  introducing poly- or di-isocyanate into the mixture; and
3] allowing the exothermic reaction to proceed without forced cooling except to

control runaway exotherm, thereby forming a polymer matrix composite.

13. The method of claim 12, further comprising extruding the mixture or the polymer

matrix composite through a die.

14.  The method of claim 13, wherein at least a portion of the mixing or reaction, or both

occurs in an extruder.,

15.  The method of claim 12, further comprising molding the polymer matrix composite

into a desired shape.
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12. A nmethod of producing a polynmer matrix conposite,
conprising: (1) mxing a first polyether polyol having
a first hydroxyl nunber and a second polyether polyol
havi ng a second hydroxyl nunber |ower than the first
hydr oxyl nunber wth one or nore catal ysts, water,
and optional surfactant, wherein the second polyol is
m xed in an anmount between about 5 wt % and about 20
wt % based on the total weight of the first and
second pol yols being 100 wt % (2) optionally
16. | Mheosbikdd\6f dghdf DrEHNG coiptRing fﬁﬁﬁﬁg itid SollyMePriati® composite
m xture; (3) introducing inorganic filler into the
hnoaqﬁﬁggﬁghnﬁﬁi_introducing poly- or di-isocyanate into
the mxture; and (5) allow ng the exotherm c reaction
to proceed wi thout forced cooling except to contro
runaway exotherm thereby form ng a polyner nmatrix
conposite. 13. The nethod of claim 12, further )
17. c dhpmeshadpfclaimyldl, mdretaie the forming comprises gopipgethe polymer matrix
matri x conposite through a die. 14. The net hod of
compasite imolBsizevret shiape atitabiafor synthetid lnabenf the m xi ng or
reaction, or both occurs in an extruder. 15. The
met hod of claim 12, further conprising nolding the
pol ymer matrix conposite into a desired shape. 25 16.
T Gl - r i sl.hg: form ng. t
18 0 Bfe BRARR Rl 5 Whbrtin g SORG Blebis O Mg
. The thod of claim13, wherein the form ng conprises
improgyag,AgY ARS BEFAFRST URHOYRET DR ORReS A hg RAE. and
shape suitable for synthetic lunber. 18. The net hod of
claim17, wherein the form ng further conprises
enbossi ng or
19.  The method of claim 12, wherein the one or more catalysts comprise a skin- forming

catalyst.

- 20.  The method of claim 19, wherein the skin-forming catalyst comprises an organic tin

compound.

21.  The method of claim 12, wherein the one or more catalysts comprise a gelation

catalyst.
- 22, The method of claim 21, wherein the gelation catalyst comprises an amine.

23.  The method of claim 12, further comprising introducing axially oriented ﬁber rovings

into the polymer matrix composite.
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24.

I npressing at | east one surface of the polynmer matrix
conposite with a pattern. 19. The nethod of claim 12,
wherein the one or nore catal ysts conprise a skin-
formng catalyst. 20. The nmethod of claim 19, wherein
t he skin-form ng catal yst conprises an organic tin
conpound. 21. The nethod of claim 12, wherein the one
or nore catal ysts conprise a gelation catalyst. 22.
The nethod of claim 21, wherein the gelation catalyst
conprises an am ne. 23. The nethod of claim 12,
f oihie Bdth SOMMAist 2 M ERUMCHBG réwihad bk ﬁ%&i&b@ On!inD6r beneath
rovings into the polymer matrix conposite.

Jhe method of claim 23, mhereln the

them¥ﬁf60f?%§mﬁéésére i ntroduced on, in, or beneath the

surface of the conposite. 27
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