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Li gnocel I ul osi c biomass refers to plant bionmass that is conposed of

cellul ose, hemcellulose, and lignin. The carbohydrate polyners (cellul ose
and hem cellul oses) are naturally bound to the lignin. Lignocellulosic

bi omass can general ly bﬁrgeriv d ftOﬁ]th sources; , rapidly renewabl e annual
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the prior art. Anong the reasons for choosing to focus on henp are its
extraordinarily high strength characteristics relative to weight, the ease
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however, many other types of lignocellulosic fiber known in the prior art

t hat ar etogAngposganic ydigfe Wich a4 swWsom Wi ePdp@ee pernmits. Industrial henp is
an annual fiber crop obtained fromthe stal ks of Cannabis sativa. Prior to
its" North American prohibition, which was conplete by the m d-1950's,
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kenaf, jute and rame that include two najor fibers: a |long bast outer skin
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this discussion will focus on industrial hemp which is one of many types of

lignocellulosic biomass from which lignocellulosic fiber can be derived that are known in

the prior art. Among the reasons for choosing to focus on hemp are its extraordinarily

high strength characteristics relative to weight, the ease of its cultivation and the high

annual crop yields achievable. There are, however, many other types of lignocellulosic

fiber known in the prior art that are also worthy of discussion where space permits.

Industrial hemp is an annual fiber crop obtained from the stalks of Cannabis sativa. Prior
to its’ North American prohibition, which was complete by the mid-1950’s, industrial
hemp was used extensively throughout the world in the making of rope, textiles, and
other materials. Clothing, sail cloth, canvas, ship rope and rigging, and paper-like
products were produced in the United States and other countries prior to the prohibition
and are now beginning to be reintroduced as the prohibitions on industrial hemp that is

substantially devoid of any hallucinogenic chemical constituent are coming to an end.

Hemp is a lignocellulosic bast fiber plant, similar to flax, kenaf, jute and ramie that
include two major fibers: a long bast outer skin fiber and a hurd core fiber. There are

distinct differences between these two respective fiber types that are well known in the



art. For instance, the long bast fibers found in henp have an average

| ength of about 2 inches (50 mMm) while the hurd fibers are much shorter

wi th an awerage3sisber | ength of | ess than 0.05 i nches (PCHgS201B083303 ypes of
fiber can be refined to a desired size by various techniques known in the
art. Due to the annual high crop yields of bast fiber plant crops such as
henp and kenaf, in the range of 5 to 15 tons per acre (10 to 35 tonnes per
hectare per_year), they are tracti i ncreasing attention _as comercially
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P little or no commerc%z?l value. They end up as largely as waste products although they are
becoming increasingly utilized as fuel sources. To some extent, the hurds are also being
increasingly used to produce absorptive materials such as sorbents used as animal
bedding. As the uses for hemp increase and the crops become more widely cultivated, the

relative costs are expected to decrease due to increasing economies of scale.

There have been new types of fibrous composite articles appearing in the art such as, for
example, the ones described in Wasylciw U.S. Pat. No. 6,641,909 and Liang et al. U.S.
Pat. No. 7,413,692, the disclosures of which are hereby incorporated by reference, that
employ the inner hurd portion of the plant such that there is greater utilization of the
entire harvested stalk. These are recent examples in the art that exclusively utilize the

hurd fibers that make up most of the hemp plant stalk mass that were previously



Returning to our discussion of henp and ot her bast type fibers, to date,
the only known conmercial use for the aspirated dust, |iberated during the
process oVodetarssissati ng and sorting the outer bast fi bec3/uSeamiosizes crop
material, or the smallest subdivision of the plant created by processing
and producing materials fromthe | ong outer bast fibers, has been as a fuel
source. These |liberated particles are primarily bast fiber although sone

relatively smal|l anmount .of hurd fjber. does often n dust stream
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Various approaches are used in the art to orient lignocellulosic fibers such that they are
optimized for engineering purposes. There is a wide range of manners in which fibers can
be arranged, progressing from omni-directionally dispersed fibers through various types
of unwoven arrangements and to fully woven ones. The extent to which fibers can be
deliberately arranged or oriented depends on various factors such as the type and length

of fiber, strength, flexibility, smoothness, durability, hardness, type of mechanical,



Gypsum which is the dihydrate of cal ciumsul phate, is a widely avail able
conpound. It is one of a nunber of inorganic materials that have one or
nore hydrwbeofioBsssand it is arguably the | owest cost mPa@nskolon3zast h t hat
can be converted into useful products. O her exanples of inorganic hydrates
used by manufacturers include: alumna trihydrate, |inme (hydrate formns),
borax (hydrate fornms) and sone types of bentonites and clays that form

hydr at es. /psum inly due ta its | ow cost, abundance.and w.de
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frombecomng too | engthy, as was simlarly done by focusing on henp as an
exanpl e of lignocellulosic fiber above. The inorganic hydrate used in this
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from recycling gypsum products. It is inexpensive and chemcally inert.
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agri cul t effetively pseparste Fibsrsdstoangeridls danckint beoome usépiapaticsilaal so used as a
filler in food and pharmaceutical products such as: breads, cereals,

past as, SPEYIoNSastries and pills. Wallboard, also known as gypsum
wal | board, sheetrock, plasterboard or gyproc, conprises a core of gypsum
sandwi ched between | ayers of paper. Although it is widely used, it does
have i t sOties ageant Blges suchtas lvasousi typdseof vemidstders echips, frleaskarngamts ay wat er .
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exanple in the production of wallboards and the |ike, produces conpounds

t hat ar ehgategi rfessprandienasherheped o agiamediges t hat the conpound al so tends to
be brittle and has poor resistance to water. The vast majority of articles
manuf actured from gypsum are produced with the interaction of water and
gypsum béypang wiegh asipedihydahtetdiealchmufdpliase,iing widaby esslablefoompsand] Iar ti cl es
and materials. The gypsum saurce y be cal ci um sul phat e _di hydrate, either
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form hydrates. Gypsum, mainly due to its low cost, abundance and wide availability from
various sources will be used as an example in the following discussion to, again, prevent
this description of the prior art from becoming too lengthy, as was similarly done by

focusing on hemp as an example of lignocellulosic fiber above.

The inorganic hydrate used in this invention may be provided from gypsum mines or,
increasingly, as a by-product from chemical processes or from the scrubbing of sulfur

dioxide from the flue gases of coal burning power generation plants. It also comes from



There are nunerous exanples in the art describing fibrous gypsumarticles
produced in the presence of water. It is well known that cal cined gypsum
may be blwoded/mstsh fi ber or co-calcined with cell ul osiPcTfusb@n/osmberi al to
forma conposite material of cellulosic fibers interlocked with cal cium

sul phate crystals. Exam nation of comrercial boards produced from gypsum
and fiber in the presence of water reveals that they consist of a conpacted
m xture of discrete um and fiber. mterials, i.e. they are nore a
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such as #uhallsy and strength, over their expanse. The fiber particles are
al so dependent on having accessible voids within them and/ or being of rough
or irregular shapes to allow for inproved physical bondi ng upon
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polymer ingredients is too difficult to predict and control for purposes of
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hydrates. The Buxton invention is directed to a pol yurethane casting system
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wallboards and the like, produces compounds that are rigid, but have the disadvantages

that the compound also tends to be brittle and has poor resistance to water.

The vast majority of articles manufactured from gypsum are produced with the
interaction of water and gypsum being a key aspect of the manufacturing processes for
said articles and materials. The gypsum source may be calcium sulphate dihydrate, either
uncalcined or calcined to hemihydrate. Alternatively, the gypsum source may be calcium
sulphate anhydrite. The gypsum is rehydrated during product formation to form an
interlocking matrix of dihydrate crystals. This property of gypsum has made it a very
useful material for use in making wallboards, plaster of Paris and other building

materials.

There are numerous examples in the art describing fibrous gypsum articles produced in

the presence of water. It is well known that calcined gypsum may be blended with fiber



There are strategies known in the art to nmanage these above difficulties

w t hout needing to conpletely avoid using inorganic hydrates. Water |evels
can be meweunadi3arsd nanaged t hrough careful process conPColUSeatilmes)3
tenperatures, flowrates, cure rates, addition of desiccants, curing
agents, etc.). Likew se, flow characteristics can be managed through
careful selection of ingredients and process conditions, perhaps avoi di ng
the use of ingredjents ch et hyl. ene gl ycol and glycerip if they are too
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enhance fl ow properties are anong thée nethods used to inprove fluid flow
characteristics. Polyners are well known for their chem cal inertness and
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While there is much in the art describing fibrous gypsum articles produced in the
presence of water, there is little in the art that relates to compositions or articles
comprised of cellulosic fiber bound to gypsum in the absence of water. In U.S. Pat. No.
6,429,257 to Buxton et al., the disclosure of which is hereby incorporated by reference,
some of the difficulties of such a waterless approach are described in considerable detail.
Summarizing, the main two problem areas are, first, that the amount of water that reacts
with one of the Buxton polymer ingredients is too difficult to predict and control for
purposes of the Buxton invention and, second, that the fluid mixtures formed with
gypsum exhibit poor flowing characteristics in combination with some polymer
ingredients such as ethylene glycol and glycerin. Buxton overcame these difficulties
simply by not using gypsum or any other inorganic hydrates. The Buxton invention is
directed to a polyurethane casting system and method primarily used to coat wooden door

stiles.



General ly, inorganic hydrates are nornmally avoided for use in plastics and
conposite products, especially where one or nore aspects of the
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water are an inportant exception. In such cases, any involved polyners are
required to be water-based or at | east conpatible with agqueous slurries.
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wi de rangenaged gubygeeaseiyt processgoftrartingy tewperatersaflewreies suleaintenei ght
liquid startin terials. Flexible.and rigi ol yuret hane foans are the
st wi A RS s oS urRREhE Bl S R B rhece
f or mul at inghightcpif@akleytidme iHgiRdiciRGy.apadcess @nditipab yeitfpt ansldar 1t @es Whi ch
are included in the definition of polyols for the purposes of this

descri pt Plonyredients sseh petthderaglyrglond glysarinp Hdhemars tempropleswtiag/itigent s t hat
produce f0& gaSmt Ahwt @ﬁfy i 'sti&?%eﬂﬁfﬁ‘éatﬂég rtﬁe“ﬁuﬁgwﬁﬁé %&pg&ﬁl@fﬁ?% Ivpid hat they
are tough, Have I gh oad earing capacity, good | oa nperature

fl exi bi | oteyheatieg) sidaddmgtingradiahtd @o edages fidw podpeatitsaramdoigpthexyglesnds ozone,
abrasi on and nechani cal abuse. A conposition conprising gypsum plasticized
by a pol YiFEr0 HRRFO¥e Hiisi W ghaggeiftict-n t he range of about 40%to 90% by

wei ght is described by Roosen, first naned inventor herein, et al. in US.
Pat. No. 5, 344,490, the disclosure of which is incorporated herein by

r ef er encBolydetshoeighkll tkhewRdastberr clompiogliihéroreshasl weile ehtietytof wadpertiesesi st ance

? Rgnl ts hg? brghéﬁe%tebq’ﬁgtéﬂ Eﬁ?grllé/cﬁ?; Val'rl%%g t}tlehc?orﬁﬂorr]lerllt% of t %Spto?yr}rtlfl:rablr,l i%t e éa%e costly

of homopolymers, by varying the amount of polymerization and thus the molecular

weight of the polymer.

There are examples in the prior art of polymers used in combination with gypsum or
other inorganic hydrates, where such inorganic hydrates are used as fillers. Where used as
fillers, such hydrates generally are not combined chemically with the polymers.
Engineers and others skilled in the art may select inorganic filler materials for plastics,
whether hydrates or not, in consideration of various factors such as cost, availability and

various physical and chemical properties.

One important variable in the case of certain applications is how the finished material
responds to fire and heat. Choosing a hydrate helps to increase fire resistance as the
hydrate begins to decompose liberating water vapor when subjected to fire or direct heat.
This helps to extinguish the fire and to also reduce material temperature as the latent heat
is taken up by the hydrate as it vaporizes. Unfortunately, this characteristic becomes an
important limitation that prevents the use of inorganic hydrates where finished product
service temperatures are ever at, near or in excess of the boiling point of water. This
temperature limitation also makes it difficult or impossible to use hydrates where

elevated temperatures are involved in the manufacturing processes to produce



and causes the overall cost of panel products produced fromthe
conposition, such as wall boards, to be relatively high as conpared to the
wi del y uswo 2brizadstssonal gypsum wal | board. The ' 490 RoosenTAst@ni3i4enches
the use of cellulose as a filler. In fact, it goes further in describing a
prospective type of board that has, however never been clainmed or reduced
to practice. The description involved a randomfiber aspect and in various
i nstances s ect@ifaLly descri.bed gsingﬁcellulose as .a fLIIﬁr. General |y,
fiber isCHYReEA Blastiey PIcREPPyf R H g ETHRSHLIECBHNGYUSIEE PPY AEHCY Yt her
than havimg hBgspeashé §higestoBERRHAMEPTNAR Y inHn&RTRpHKhiM th purposel y
oriented fiber. There was no discussion of a deliberate orientation of the
fi bers except for either rolling or pressing wood chips into the

conposi t j.on t he Roose atent. The types. of boards described as "wafer
boar ds” PRI RD" AsEEuRe Radat Ediopmally mistSesttal bR R R S MR esi bl e t o
enpl oy i prod@eth)icidci 01y Widr ofy 6l bR Sspetedofabe Bnpstdeufiag pfRags@msplbyc! udi ng
those nentioned earlier in this prior art description. An inportant

i mi t at i gavaigd ¥mpeetyges. ike abeeadsqugsien of pigdpstirapchias gypamm pabbeasdBphnat es
enpl oyed, | 1 e _ge I ite. r Lve wth water.
For exan%F%F&ﬂﬁgy&ﬁﬁg?§§ﬂ§g§¥gﬁ%ﬁéﬁ§%we‘%gﬁ@%%f%gggng?ﬁﬁgg Féﬁyis comonl y
r ef er r edintvolvas pMinerd @e deduirgd kalbaiwvetehbmedoe ai leadt bampitide tvéthwiggereusl y wi t h
wat er, pr.oduci ng carbon di oxide gas in the process that can easily lead to
uncont r of!P5fe foanming. M is also somewhat unable to form bonds with wet
or noist materials since the functional reactive conponents of the MO wll
normal ly react with the water nol ecul es before being able to form bonds

wi t h undBollyyietigneretre pplyhers thhenelude thepotthaer goth dthefumetbdnedmkagd is i n t he
presence, of ter but, nerally, .the types of polyners that _are used to

Pt oduce BYBBUEY & et A BHEP Y it iy s sy AB B PT B L Cich s gr eat er
st rengt hisodyaBteDithddier wiRUGRRES e M@iclatd RS SiddtGEnatlactiondinhge bei ng | ess
susceptible to negative attributes such as shrinkage over tine, rot, cracks
due to dpgssibly hatclatstety simpémprodiertie of hogde trnge of polymersaitseng Gowflowdp er .
This is particularly i .t ant. ere products are expected to remain in
service 89m%§ﬁVﬁ?%%?§9§§WhﬁW¥ﬁ?%ﬁ%%%ﬁ@g?éé'aging characteristics. Englert
U S. Pat. No. 7,056,460 (the disclosure of which is not intended to be

i ncorporated herein) describes a process for nakingwg%gsun1fiber board
usi ng MOFlexibleanggigieh pelyueethanp seanppaye theemaabiwviflely 8r g #masf part of an

enul si on_di r L . i i I: late in
the pr ocBauiSREReth AR ALIINE THeRPlomRRoho Rl BeflcineARRE, ' e WO
duri ng t el gevat éndhg dploweis arclinchidpd octls defiidson bfrpdleol s &ifthe parypossad

produces undesirable MD-rich waste water while only allow ng a fraction of
the NDI %%‘Hﬁi%@“%?ﬁk@ﬁilﬂ%%’ﬂe AR Y G paTinntanz st WernerenldattiPRfuchgr edi ent s
of the cQERASid i miABLri x. Additionally, the fiber particles, simlarly to

those nentioned earlTer in this prior art description in relation to
commerci al boards produced from gypsum and fiber in the presence of water,
are al so_dependent o ccessi bl.e vojds and/ar .irrequl ar,.shapes to allow for
o ovedTBoRaRng e feadEEdRacr GleR artouth, robe SRR FEAES Bubfichy ar at | on
are lnDOﬁ&ﬁﬂbmﬁ@ﬁm@ﬁwﬂ@Ew?%ﬂﬁﬁﬁbMMaﬁwﬁbbQﬁﬁ@%mgy%Ehﬂ&&u@&&ﬂb&ﬁ,g&ﬁ!Udlng
Engl ert have worked toward avoiding or mnimzing such tradeoffs with
limted eapneetbsasiothandgogthanicalralred: act uri ng wal | boar ds and ot her bui | di ng
materials is sensitive to the cost of raw materials. Accordingly, it would
be desirable to incorporate a | ow cost fiber systemsuch that the relative
anount OA dofipyEEbn Us@pridag shssubesl igrRi-cdbly lagpoandgd sbita@idgypdumabi i ty,
fire resistance and water resistance renmain relatively high as conpared to
t radi ti oaranggiof abory 4Rek ©r3056 By weight & depgibedbyikogsens firy nafefiimghrany and

|1 t : 100%qf .al {: . .5 [ . L ' -
omos {1 Laannn s R heer g Rl AR AT AR Am s Bl

| NVENTI idference. Although the Roosen composition has excellent water resistance and is not

brittle, the polymer used therein is substantially more costly than the gypsum component



The present invention is directed to provide a useful conposition having a
nunber of interesting properties that is conprised of |ignocellulosic fiber
bound t o woeor13amse | norgani ¢ hydrates such as gypsum PaTiuseo1alosanee of
wat er using a polynmer. The conposition is useful in the formation of
acoustical tiles, wallboards, roofing materials, furniture, architectural
nol di ngs, doors, floor panels, ceiling panels, novie props, autonotive

nol ded conponents, structural engineered materials and ot her oducts. The
[ nvent i oo evesl cosgp EpanabBrogRety PgHitd 5 BrsRIRa o B 3 r eat

I nter est wafyarR Fd@éﬂe}ﬁtibéﬂghb@ DGovipatddablive WRIRHL Q¥H Gadifidnaldgpandi ng on the
choi ce of conponents and how t hey are prepared and conbi ned, of w dely
varyi ng whidbaued.eri stics. Wien describing the present invention, all terns
not defined herein have their comon art-recogni zed neani ngs. The bi ndi ng
of the lignocellulosic fibers and inorganic hydrates such as gypsumis

achi evedTrs i498RdoYer pHtatd Ghachdrahel§& FfceBulbQd yWnefilldrhRt fastt Rabesfugdienical | i nks
bet ween parts of the fibers and the inorganic hydrates, in effect creating
a conpl esesgibiag glpsospectyvettyst ofhmaektipidiass kyravenedyst besmpdrewe or roagprede not

wi shi ng . . . ' . . sel. | of pol ymer
conponen%ﬁn?ﬁm?ﬁﬂgg#%égﬁ |5%a$g%%??@ﬁ?ﬁ%g%F¥§g§gﬁﬁééP%Vigﬁ%&%%ggpected good
pr oper t i gecisidally dsscabedoisig dedlujosh ngh fillait. eneal iy Siten tseaddeé td the achi evi ng
coval ent bondi ng between the inorganic hydrate and fiber conponents of the
conposi t PBHICIZ&4ZYRSUTHAPINROSHHRN st%#%a%r than haimdithe PlasHGIZeheRsY ™ we furt her

bel i eve &Jloﬁﬁositﬂ)% RhltHedafith ﬁﬂﬁp@& &ii«?gegi erQYIEb?ﬁWaQHSIdfsk&%{?nlﬁlff‘ad“ced in the

presence water are |largely preven rom achi eving such properties due
t o t he i ddlibefatr enmagatoh ofdlicefibashexiepnimk eshartrolfiag onpreesinlg #Wboe hips tnvo achi eve
the types of coval ent bondi ng that are possible in the absence of  water.
Ad st | ne CREDSHBeS Hie B R SRB SR B A BEboSh N BBt ol os
through ¥aRRYS pRGIAINYRETokPeYRs WhidhiBe A6t pIablesh 8RipidyaaRbmbimaaeA on the
properties of the cured conposition Likew se, varying the orientation of

t he fi bewithbpgoresnuch argypsumifergeadoasnnchdmngthoscanentined earfior ipdhispriocesses
prior tomgredur&qg the conbi nation wth gypsum can have dramatic inpact on

0

t he proper 'SP "t he fi ni shed products. The lignocellulosic fiber

materials are deliberately oriented through nechanical or other neans such

as natural or forced felting. OQther techniques for orienting the fibers
i ncl ude Meappagant hpdtagop a4 theypelywgthane bibs of Rplyrse s theftby isgeyanatey |

rechen oy Gy JERSBIETL ALY hPATY A AR O\ ARSI

ori ent fihbevidelyntal diphdnylsethiineadigeeyantes which is commonly referred to as MDI, is
a liquid urethane resin that reacts vigorously with water, producing carbon dioxide gas in
the process that can easily lead to uncontrollable foaming. MDI is also somewhat unable
to form bonds with wet or moist materials since the functional reactive components of the
MDI will normally react with the water molecules before being able to form bonds with
underlying materials. There are polymers that function well in the presence of water but,
generally, the types of polymers that are used to produce products with higher quality
engineering attributes such as greater strength, flexibility, toughness, water resistance,
etc., while being less susceptible to negative attributes such as shrinkage over time, rot,
cracks due to drying out, etc., tend to be those used in the absence of water. This is

particularly important where products are expected to remain in service for many years

with minimum adverse aging characteristics.



Li gnocel lul osic fiber sources include virgin materials harvested annually
in the case of annual crops or less frequently as in the case of forest
crops. Owenosais™és i ncl ude waste fibers from processi RmgTAIS2(n 83403 i on of
ot her products such as ethanol and other fuels or fromrecycling

| i gnocel lulosic materials. Synthetic sources are al so possible although

t hey have not been considered to date for the purposes of this invention.

The fi ition is eith f | exi bl lid ial,
or oduced-PRBES AR -G BN IE it et i e RpSh R et FRe cur e 1o ol i d

form af t todpBRYePlReif PARLAGD a Jrbck@fbrah A PERRIB el Bé'zﬁﬁ%i%? Ivie1 fhy ough
entrai nnment of air or another type of gas orf through the introduction of

bl owi ng wgeprpeess Het haw the Mdlunconporakasl asrpart of lae eimmlseent disperieddhuetghout he
pre-cure rsion t he conposition.ip which one or nore of the conponents
are wit h&‘&?ﬁ%’eﬁ EITRY s o addeddt? in bhe e SR o imaR et s FnraR ng.
Sol vent ssuffi@i¥@SporGét 6ff the §IPIDAIMNS tAddewdtbieds Bdedst I Mas poaesshas littie@duced into
the conposition to aid in the processing and to vary the cured properties.

The sur f &féieaqy aidgrodugas wedesiaztle NIPlaeh wagerwsten whilaiosly allowiegigFa¢teort ur e
dependin ' ' Aor I Cul 0 ' S1L 1] y, the
ol or cadt G MBPhordh R el and o AL i fer 300! b AbedRUlE bARRE

t oughnessympaitihnassrianddditiexdllyi thetfibep paréioiet sirgilarfi togahoeInQiti@nedeaher be
quite high through the addition of additives and al so due to the natural

t endencyiDftBIS PriRE it dIEIRHPE IMFtiah &7 s9mmgraial bapide arafyesst from sopsumm apd

subj ect eﬂbfg%meql}cgeﬁs@gf W R alé%e?%%&e%%ﬁ&&&%\%é‘? l@éilcjlﬂgﬂeﬁr/bﬂﬁ% igariier, is

al so remar 'y "high for reasons are not stood, an
unexpect gupestsullbw fGemi@bdvediraailergr dblesemiaddoffiretotrgaiotaint dvaverdimpekgtpsam of thi s

i nventio an be described as bein 100% sol i.ds. product , .ermin the
art - usednibhucty MBE T EEL P REE Sady SUS Bt coeh R e i frbE ol vent s or
ot her copRABRRhw V6rked & wRAH 80i8ink R tmiRneznk REEPERRHY WithdiRiteBfub&lss t he
curing process. Such preferred enbodi ments can al so be produced using

met hods that produce no waste water or other effluent streans, nor any

undesi rapl e aPLt SandrhGulich RRIREREOMS ATl 331808 DEGANSE JOOHAD Rl Lo
|ngred| ents alt ar e use YVO conmpose the conmpoesitl on can becone par of the
fi ni shedopraadustsaldexdosadndly omvolirl KealRiRstlé toic@botabd Sldwwsptiban. |t shoul d

be noted, however, that it 1s not essential that the conposition of
system such that the relative amount of polymer used can be reduced while having
strength, durability, fire resistance and water resistance remain relatively high as
compared to traditional building materials. It is also desirable to eliminate any and all
waste streams such that 100% of all ingredients that go into the composition become part

of the finished composition.
SUMMARY OF THE INVENTION

The present invention is directed to provide a useful composition having a number of
interesting properties that is comprised of lignocellulosic fiber bound to one or more
inorganic hydrates such as gypsum in the absence of water using a polymer. The
composition is useful in the formation of acoustical tiles, wallboards, roofing materials,
furniture, architectural moldings, doors, floor panels, ceiling panels, movie props,
automotive molded components, structural engineered materials and other products. The

invention has the great advantage of providing a composition of great interest
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this invention be solvent-free or produce zero em ssions. These above
characteristics are desirable froman environnental perspective and are
pref er redyvoabtiesmh not required. Further features of tREeTIUSC@NWBIIN MaY
beconme apparent to those skilled in the art froma review of this summary
and the follow ng detail ed description, taken in conbination with the
appended clains. Wile the invention is susceptible of enbodinents in

various forms, .descrjhed hereinafter are specific enbodi nrents of the
B ent 1 ot BN b heias SR Aa e M g2 alia i G CRe e OmBNEHE anded t o

be il usif@tdvw ey @aR%prkSarB@hind HngBIA&H of RidelyTVdr in?%hm&%ﬂﬁtﬁc@m@nt he specific
enbodi nents descri bed herein. DETAlI LED DE CRIET ON OF THE PREFERRED

EVBODI VEMFSIiigng thsf predeat ugedtian, pil tuoe met defmed baigirblenvd dhdivednmpoaitt he
conpositkpn on:qgglinvention is an acoustical panel material derived from
super shof?gﬁéﬁ$ fiW&’s described above. These fibers currently have little
or no commercial value. They can be conbined with gypsumthat is avail able
fromrecycling processes and other sources al so described above that,

again, h b@bmgmgl%ﬂmhgﬁ@ce:lm Bbeip andhingeganjcrhyslpfes wsBasgyrsHeYis s a
negative

. . . e
ot gni 11 e AR R RAE et ot R R Rl Pl G B,
mat er i al of the fibed ahd tHehieoiganis hiydtdsoin effeductatin gascompléemolzoale dr sawifst r at es,

ceiling tile panel s and acoustical board. Additional uses for this type of
panel naielecyles figRy esecomPRachth Y Bidg BOt wighing & Pobipwidris prY thepe M5oar d,

I ncl ude goprs tha@%%%&@i&@o%ﬁn%nﬁt%gﬁgﬁa{t% E«U?ﬁls ARBhGSALLARSy Prior to

conbi ning the super short gypsum they are prepared in
such a newimerdigmily ondnnaxptcted good mopertird memas surprigihplyviigthwater tehstaadei t i on
of costlg resins .and other a%ggiives.

A preferre roagch is to naturally
Felt thedts PRERRGRE G tAIGH banEBe PIMERT 41 iBPsels YR CRG e ooty que.
of the composition. Again, while not wishing to be bound to any theory, we further
believe that the prior art compositions of gypsum and fiber produced in the presence of
water are largely prevented from achieving such properties due to the interference of

water which makes it far more difficult to achieve the types of covalent bonding that are

possible in the absence of water.

Adjusting the size and shape of the respective fiber and gypsum particles through various
techniques known in the art has significant impact on the properties of the cured
composition. Likewise, varying the orientation of the fiber components or felting them
through natural or forced processes prior to or during the combination with gypsum can

have dramatic impact on the properties of the finished products.

The lignocellulosic fiber materials are deliberately oriented through mechanical or other
means such as natural or forced felting. Other techniques for orienting the fibers include
weaving, pre-stressing long fibers (whether woven or not), mechanically or
thermochemically refining and pulping into paper or paper-like fiber mat or lattice

materials or using gaseous streams to orient fibers into various arrangements.
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A particularly preferred method is to blend the fibers with water within a
tank, tub, vat, or other suitable containnent unit, agitating the conpound
mat eri al wWwDt2h11z13815%i ng or agitating device suitable to ®evarsedy/0ayyns ate t he
vol ume of the conmpound material until the fiber strands separate from each
ot her and di sperse throughout the liquid, form ng a pul pous aqueous slurry.
The degree of fiber presence in the slurry is called the 'pulp

consistepcy'. 'Pulp.consistency' is the ratio of fiber to water in the

Sl urry ahEnpeeloSRIT P e A tiet G At BHUEI A2 LY BHG F168F boar d and
a smoot hyihf @66 ore@ Riqebn® AU RLLARS bEtorAE Mro??.sﬁ’th&sso'uﬂ:els WepRletWate Produce
a bunpy surface and limts the inter-felting of the source fiber, thereby

r educi ngfibdre frony gmegsking 0o praduftean efcdlar prertyicts. suthiantthgnol hed etbasiusisericy
shoul d bg _as | ow as possible for.quali .pur poses_ hut as. hi as, possi bl e
For prodtefiienipeBaPaRiuPuE Rafr iRt al JuResSEs 8% pf il Aheiiy

t enper at ghe hwihdl bbén édhstdereditd dhddgor @B @arpaesbfohik veRiiomr ef erably 25 to 40,
degrees Cwith fiber present in the slurry fromthe range of 0.5%to 12%

preferably 1% to 7% nost preferably 2% to 4% (by vol une). The pul pous

aqueous . I I . ol i 0 b1 . it ISu on of any
exi sti ngi\’ é(;% I ﬁgﬁed%g%léﬁg glg Esugﬁ%l%r ?ﬁéfdaogfof%%{bﬁ%@ﬁ [ﬁ%tr&q@vi %@Fﬁ&?ﬁfeoq%lﬁur ry and
fi ni shedmthareadtelid sid bquid dyrppathtsythitiiuge tos sofid fidren dfedrgke yofre 20mhbindd.

m nutes, preferably 5 o 15 mnutes, nost preferably from8 to 12 m nutes,

dependantt c@ip@ic brronisploamicd selid BrgehieREangienael Bhoipies (4 oheRs Oas t he
tiber | nth?%%h‘%é PBdbRfonSr Jmn%}g%tg {h3Edre kol AGNHE GROYRCVEAMLL e sLuUrTy,

{
general ly screening, or dral scrapi ng, or r net hods, from
t _he cont 'miclmdemtﬂlelpm—tured'lwénsioalotfdmcoamﬁign!im &}’lh:lcﬂi dne of howne ey from t he fi ber
\pl)mult Blozst he ol'rlllegtcs) %%e vavﬁ ee? ﬁnt?ll sld{:ﬁ anerag?tulls El!CSE]I%d It(g] enaélbfeat&lg I%i%glecqlﬁlfllgf or med
Solvents, waxes, coloring agents and other additives can be introduced into the

composition to aid in the processing and to vary the cured properties.

The surface finish can be varied from a smooth finish to rough texture depending on what
is desired for a particular application. Similarly, the color can vary through a wide range
as can the strength, density, toughness, hardness and flexibility parameters. Fire
resistance can be quite high through the addition of additives and also due to the natural
tendency for the inorganic hydrate(s) to liberate water vapor when subjected to high
temperatures. Water resistance, as mentioned earlier, is also remarkably high for reasons

which are not well understood, an unexpected result.

Certain preferred embodiments of the composition of this invention can be described as
being a 100% solids product, a term in the art used to describe compositions that do not
contain volatile solvents or other components or ingredients that are liberated during or
after the curing process. Such preferred embodiments can also be produced using
methods that produce no waste water or other effluent streams, nor any undesirable solid,
liquid or gaseous emissions because 100% of all ingredients that are used to compose the
composition can become part of the finished products derived from the composition of

this invention. It should be noted, however, that it is not essential that the composition of
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The pul pous mass is then conveyed to a form ng nmechani sm (nol d, deckl ebox,
or other) that conforns the nass to a pre-determ ned size and shape. The
conf or mredwpubpon3s7srass i s then pronpted to attain a senPCriuse@1988DE by t he
enpl oynent of heat, suction, airflow, and pressing, until the mass achieves
the desired formation and characteristics of a lowdensity sem-rigid

fi berboard. This is a result of the aggressive separation of the fiber in

t he cont ai nment. u hen the aggressive HR% to felt, or

re-int eg&‘éﬁléVeIBPnt &0 VFPn A JUARPITEBEY SHP %Ss 8v§ eharatesisireyed, it is
enhancedqdihhleiien WPBRERAMCAR bk R2iice Bidsen %ef&'réch fthd 38 ot RGAGELI Ul osi ¢

fi ber feedstock, resulting in a |owdensity senl-rlgl flberboard The
times and tenperatures vary consi derably dependi ng on the thickness of the

enough ¢ 5 Y SrREr S BEshfor vy BT el Mot RS aR e ORER ™

conponentesied dBlstsufkE@P Sndide %llltfxﬁng @a@u&gd@dﬂpﬁcﬁe tekeh @c&&nﬁuﬁtﬁdigwmlﬂ e
curing cycle. Other factors such as m nim zi ng warpi ng and/ or deformation

during dihgiappengled slagae Vhide tﬂsé11&\@11@9]@1@8@&6@91)1?@@e@ba@lmemsanéarl@mrfpﬁ@s

manuf act o JLul osic
Miriptibd éﬂéskﬁ%g&}}ég&ﬁ‘ﬁﬁe?’a e pgtﬁg}ﬁgﬁga%fi ngérné Hé‘ %Qnﬁcﬂat ngﬁanlggg@% 8 finel 01y

has a dethat thy poa‘serlilehsMEsnre:is anehd2a tpbeliltstrpévre, E:Mbls(hof m@dndadh cb larnftlmlnese
Reduction Coefficient (NRC) value of at |east 45; however end-use of the
mat er i al YERHY; te the weei eﬁﬁ’ﬁﬁﬁ%ﬁ“&ﬂ%ﬁl?@l}?ﬁ”@ or less, extrene val uations.
This fiber preparation process is used to prepare dry mats of varying

t hi cknesses in preparation for conbination with gypsum and/ or ot her

i nor gani DPERWIERDEPEICRIFNGONY @pdit8dPREFEBREDMBMBG@DIMENASal ong a seri es of
mechani snms to de-water, utilizing forced air, heat, and suction. This

conbi nation of catalyst conpresses the mat, forcing the articul ated fringes
of the fphebs the ukahEpBHRAS Bat Canl Y dBrRed ABHSthe ebab&ki®bn &l R@hinvehhisy fshi ckness
and density of which is determned by the amount of fiber as well as the

i nt ensi t §n afoustinal pamhhy@ml qlenmqétﬁrqrrawmeﬁwrﬁ I@naxﬁ@qys flesqeibed/abget | These t ed f or
S o et Rk T o LRI LTRGBS, A5nihd PR bRl I o
process, P e %eﬁngva ow ng a leve V# por ‘?orl%%e Vht BOAUECt i on of
addi ti ongat 1@&%@[%&] ﬁom@tﬁﬁhﬁglbl}oyteﬁés/andtdiﬁerrﬁaﬁrcl:§albc5 aeighbed gbode BRitNt  Of
transport where it is introduced to a contained fog, spray and/or waterl ess
slurry ofgaithdayg litleof ag comalesani valusy Hy sime eses. BSIe/mamegipfi verron ke

thr QUQhO%rEtsoélg'tgd R%‘%Hése aec\% ﬁ]‘ﬂ 85 RentiGe E@hlﬁc&&f tsbl estal%?ocﬁ'ﬁéc?%itﬁ" :

Opt i onal an excess o e I norganic rate a

i ntroducédmsuch that the finished surface and/or flber mat is conpletely
saturated and no | onger porous. Although it is preferred, it is not
entirely necessary for the inorganic hydrate and polynmer (or polyner

i ngredi epfhighcdiRbg pQﬁ&'n'igté‘?ﬂ iOfseR PRI BRGRABE irﬂﬁst}}pasbl‘?lilé}%oard,

substrates, ceiling tile panels and acoustical board. Additional uses for this type of panel
material, which can be characterized as low density fiberboard, include doors, automotive
mats and other such applications. Prior to combining the super short hemp fibers with
gypsum, they are prepared in such a manner as to orient them for maximum strength
without the addition of costly resins and other additives. A preferred approach is to

naturally felt these fibers through a Fourdrinier process or a similar technique.
A particularly preferred method is to blend the fibers with water within a tank, tub, vat, or

other suitable containment unit, agitating the compound material with a mixing or

agitating device suitable to severely agitate the volume of the compound material until
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introduced to the fiber mat. Ingredients may be progressively introduced,
however, the end use product is a cured conposition conprised of the

pur posel yworoemt3gwsf i bers, inorgani ¢ hydrate and pol ynePCearsea 1083403 a
desired shape or cured into a rough shape that can be | ater forned, nolded,
machi ned or otherw se processed into a finished shape. The relative anmounts
of fiber, inorganic hydrate and pol yner used to nmake acoustic panel

mat eri al re respectively: 40 to_ 95, .eferably 60 to 85, st. preferably
0. part GedpeTURBAL Ry o gt awer iEliSsprolalt Beia s P Rer abi v

15, part sulpyusRuéhls saypsum 1 to 20, preferably 2 to 5, nost preferably 5,
parts by wei ght polyner. There is such a wide range in the above paraneters
because the exposed surface or face of the acoustic panel product for sone

appl i cati.ons doe ot _need to_.haye the same conposition as,the backsi de of
sard pantfe R PESEES B REOHSATE RentUR st Sy arTWP for of her
appl i cat ¢gmBtenEPris tShaN6L££ib@To ablid theGlriyl dih b€ InpRtant pavamalcd RBSS

t oughness and strength requirenents, the inorganic hydrate and pol ymer
woul d bePredvciag a papraifibarboaid and smoetyisprfaces hpe ieh apulp penspitengéesulther eas

for wall. I Ve i } uni form
st engt hiag obare el Bla SRREE S Rlce b RS Wk BPPHIAELE BBS0nR BBEE L0 ot
The abovehercbpgaiicaly thdherdnghr mapasits sevelingl hddedlyghe obnsiypgcly shduldbs awvhi | e
the nost preferabl e 80:15:5 parts by weight for the respective fjber,

i nor gani ©¥hsdiostiBledAGIHYPREPOSRE PYhsigh & Raspibleforproduetivapesthiél mat eri al
that al t hopad wikanges than required can be used as a ceiling tile which is
where there are large markets. In practice, however, the ceiling tiles are
expected to have the weights biased toward the m nimzation of costs which

is generall. chi eved by mnimzing the polynmer partion. That suggests the
Fat o ot tEHBVEe S1GE gl Bl e B KRR 50 PRTED o Bei 1§ ng
tiles, pagtdegibad WitV SrdsBRINR theSsi@rPBOAT thY Barg@DF 05508 tUBINDrEREBE) ed
gypsum the anount of gypsum and pol ynmer can b€ increased toward higher

st r engt hl%rid 7M. givst piefarably 84 t4dh ey waleinel. Hae prlpeusamgosd tliwnisni ght nove
toward ik d10; #9: 4D SO0 (RS-SRS A LR SRS HAL pARRES ety eSPect to
the ceill getlf)e Har(ke?s V\ﬁ'll Ceh can %af'ilen e very I ce S%HSP%IVG.

upon the amount of fiber within the slurry and finished characteristics. Typically this is in

the range of 2 to 30 minutes, preferably 5 to 15 minutes, most preferably from § to 12

minutes, dependant upon the type and rate of the agitation device as well as the fiber in

use within the slurry.

The fiber is then removed from the slurry, generally by screening, or draining and
scraping, or other methods, from the containment unit. This allows excess liquid to flow
away from the fiber within the pulpous aqueous slurry, resulting in a saturated unformed

pulpous mass.

The pulpous mass is then conveyed to a forming mechanism (mold, decklebox, or other)
that conforms the mass to a pre-determined size and shape. The conformed pulpous mass
is then prompted to attain a semi-rigid state by the employment of heat, suction, airflow,
and pressing, until the mass achieves the desired formation and characteristics of a low-
density semi-rigid fiberboard. This is a result of the aggressive separation of the fiber in

the containment unit, then the aggressive prompting to felt, or re-integrate, of the
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For the fog, spray and/or waterless slurry of preferred inorganic hydrate
and pol yner of the previous paragraphs (and foll ow ng paragraph), the

f ol | ow ngworg1ivrgrsedi ent s bl ended t oget her at a tenperafarashatinesns 20
degrees C and 95 degrees C (preferably 40 to 85, nost preferably 70 to 80,
degrees C) are quite suitable: 40 to 90, preferably 50 to 80, nopst
preferably 75, parts by wei ght gypsum 2 to 35, preferably 10 to 25, nost

2Lt 2Bl LS 5o PR SRSV E (NP e S

i ndust ri gilhder§ Widhen @ ll'ﬂgocei-luﬂfsﬁ@er febdbiBelo redtltfieqh abw- d%nﬁl% semiFSd
preferably 2, parts by weight titani um di oxi de, to 5 preferably

| ess t haﬁb@boqﬁérﬂv tbyewﬁgﬁm@‘fatuswwdmm(m@embbcmn@ug hnéhﬁ thiokgensioét i ¢

zeolite with th Ei et er m ned esponse, to nojsture. |evels

found i nmg ﬁ)gn%% ﬁ%};g p Og%}l(éﬁa’f) an %g Qhe extent to whlcrﬁ tﬁey B2 b3l ry enough to
interact and bond with the inorganic hydrate and polymer components without excess
moisture causing adverse effects during the curing cycle. Other factors such as

minimizing warping and/or deformation during drying also need to be considered by the

practitioner during manufacturing operations.

The material may also include other cellulosic material, coloring, perlite and fillers. The
targeted material typically has a density of between 3 and 20 pounds per cubic foot and a
Noise Reduction Coefficient (NRC) value of at least 45; however end-use of the material
may dictate the manipulation to more, or less, extreme valuations. This fiber preparation
process is used to prepare dry mats of varying thicknesses in preparation for combination

with gypsum and/or other inorganic hydrate(s).

The prepared fibrous mat is drawn along a series of mechanisms to de-water, utilizing
forced air, heat, and suction. This combination of catalyst compresses the mat, forcing the
articulated fringes of the fiber to intermingle to form a robust chain of fiber, the thickness
and density of which is determined by the amount of fiber as well as the intensity of the
catalyst. Industrial hemp is exceptionally well suited for this task, as it readily and
strongly intermingles as a result of this process, while being allowing a level of porosity

for the introduction of additional materials.

Once fully dry, the mat is brought to a point of transport where it is introduced to a
contained fog, spray and/or waterless slurry of the preferred inorganic hydrate and
polymer which wicks throughout the porous apertures of the mat, permeating the
material. Optionally, an excess of the inorganic hydrate and polymer may be introduced
such that the finished surface and/or fiber mat is completely saturated and no longer
porous. Although it is preferred, it is not entirely necessary for the inorganic hydrate and

polymer (or polymer ingredients) to be pre-mixed or pre-blended prior to being
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1 to 5 parts by weight of suitable coloring pignents with the anount and

t ype dependent on the desired color as determ ned from col or matching,

smal | quawDi20i1e83136 a curing agent such as dibutyl tin @cCrase@aie3sertiary
am ne or such other suitable catal yst/accelerator as are readily determ ned
by soneone of ordinary skill in the art, addi tional ingredients as
woul d be determ' ned by soneone of ordinary skill in the art to adj ust

propertles t fi nal ired characteri.s fInIS

Brticle. 8 et TR BB B BEe s RTOdHRID EOY S GNE. par s by
wei ght) &fd &e%%‘cfu@@ﬁ a%kééﬁﬂorﬁé%smélﬁ%oﬁfﬁéﬁEkdaéftth&b@rp@ielﬁﬁﬁéﬁtétpﬁwr? nore rigid.
O her such ingredients include but are not limted to polyol additives

known i nl@@ne;rhydtdﬁa@ncbmmmeleﬂm(bma desaugel sbapeemgvtcd imtoasoingh shape Hat dness,
toughness X t b| | it old Cg‘ %dl |e}/es | %%Lsusd&\ t f/msg c? cers, waxes,
ul tra-vi 6% ﬁf‘l QBH]F%r ritl deterp g\’l e RSTFT e feohap traces

of residual vvater or t| ny anmounts of added vvater to act as a bl owi ng
agent to create f oani ng within the product to reduce density. Ot her bl ow ng
agent s khegwelatiyeapeuasof Sikeh inpsgapiciayibits and prlymss usaddp make ageitsgc ganel

entr ai ”el%a&ﬁﬁﬁsarec%'é‘p&ﬁvéi§.ed instead of or in addition to water,

40 to 95, preferably 60 to 85, most preferably 80, parts by weight fiber,
3 to 40, preferably 10 to 25, most preferably 15, parts by weight gypsum,
1 to 20, preferably 2 to 5, most preferably 5, parts by weight polymer.

There is such a wide range in the above parameters because the exposed surface or face
of the acoustic panel product for some applications does not need to have the same
composition as the backside of said panel, although it can be a somewhat homogenous
material for other applications. For instance, as a ceiling tile which has low hardness,
toughness and strength requirements, the inorganic hydrate and polymer would be
concentrated at just the visible surface of the product whereas for wall panels, filler
boards or automotive applications, a more uniform strength may be required throughout
the entire thickness of the product. The above ranges at their broadest cover the range of
applications while the most preferable 80:15:5 parts by weight for the respective fiber,
inorganic hydrate and polymer weights are for an acoustical panel material that although
stronger than required can be used as a ceiling tile which is where there are large markets.
In practice, however, the ceiling tiles are expected to have the weights biased toward the
minimization of costs which is generally achieved by minimizing the polymer portion.
That suggests the ratio would move closer to 95:3:2. Another possibility is that for ceiling
tiles, particularly where there is a negative cost for using recycled gypsum, the amount of
gypsum and polymer can be increased toward higher strength and higher fire resistance
such that the composition might move toward say a 40:40:10 ratio. Costs are an essential

aspect with respect to the ceiling tile markets which can often be very price sensitive.
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sol vents such as styrene nononmer to facilitate inproved bl ending and/ or
better interaction between the other polyner, inorganic hydrate and

| i gnocel Iwbasic13isber conponents. Anot her preferred enbedirmsattiossbiides t he
i ntroduction of |longer cellulosic fibrous materials, layering themto form
a symmetrical array of fiber, either in a dry format or exposing themto

t he sanme conbi nati on of technical events described above. The profile of
the material i.s predeterm ned and opti | y.includes wi dth and density of
the mat oFvahe Fok SHRHAHEOT SAEHE B ehcioubd st TRif an PAVPRERT comb ned
W th a fegprEaREiRYpafRddidk MRLBNLETS pakddidph) Qhe FIIRMWIRNAS iRYHERAR bRNdedO! YITET,
which again follows the apertures within the material "'to fill voids to the
ext ent desgpthethtariemp¢rsourgbitwetrodegreas{gand OTddaseds< (piefarabbl 4bieed, by a
secondary | a [Str of shorter or her cellulosic material which
is then %‘Pgsp\ég%mlbﬁ't%@ohgg{ g%%rg%si %%Iq]ﬁlgfseur‘tiaglltes to forma |amnate. In yet
anot her pr ef eqq @O0 pRIEBHTHO. t0 8O OMostpaetraplyarH, paits B Weight ggRamel | ul osic
fibers can be oriented such that the strands are substantially parall el

usi ng wel | es? &bb3. Prferablydl O te2di mpstayeferakbl /. pete by seighsacygatepnent used
in the e@g?ﬁeer ed wood industry. Strand orientation can be achieved with

m nor nodifi‘cation to nmachi nes and net hods used for orienting wood strands

for a type of5paé®lprefeatlycs woodnmoktprifeniviy 305 parts Bntvetbhs tasesrdilboar d or
"OSB*. Such machi ner% and net hods which are al so used for orienting strands

of cer eafStOHpAN S 1 PreiPT PHr & 25998 wel | known in the art. Sinilarly,
machi nery and L -ed. uctural wood
products corrml)%gﬁﬁﬁ%ﬁ%ﬂggtﬁb%%bsg?%géﬁgﬁﬁgh%ers Wélggﬁléﬁl‘}'@e&ﬁg@g di fference
bet ween t he GBB amuefe@blyi lsssthan 21 faets O8Bvdignd$ stitblesdesivoand swelf &y t o nake
panel product.s normal.ly used as construction sheat hi ng. whereas .t he LSL uses
much | ong@ineE ZERIE S NS ROYE R S TREE] TE et § BHHSS TR Eeq as
beans ormsloadefor&ngicieer ed wood products that are normally used in | oad
beari ng construction applications. In one exanple, strand orientation is
acconpl i shed L&l hgass byaweight efmudpblokplonng pigmenésswish glewnzduint gndofypg pi nni ng
di scs. | 0 QNG PSRIR Girkd SIBL SOER A L0V D] BLiSA AR nR cOr T ugat ed panel before
bei ng he or presse(f. e corrugati ons catse tHE & ands to al i gn. In
anot her exanpimall htatisits Ndcriggbe sdéh)ﬁm@utﬁl’lti]ﬁ)aﬂﬁirhtej tedlat@iathewer ti cal
bars placed in the formof a spaced grid wwth a width that is |ess than the
strand | Sihtother vikbig ¢ty lacegieirionas ap deashly sagsmpygd bysogepre fnidivaryt he
strands yo,tall tirough and be substantially oriented in one direction.
Layers having cro&s-orientation nay be produced where the strand
orientation iadiienal agesdidnss Brwearid ed dpermiasd bg sbaeoremf ohdnat rskibidn the
orientation in other layers jn qorder to facilitate stiffness and strength
both parf |t%9d1aﬁcprﬁ%qr%9rrawad e B rateth dEMeer Snelhs ﬁalsﬁ?Cf ¥tficon. For
exanpl e, a sheathing or panel product nmay have a core and two face | ayers
where the orientation of the strands in the core layer is perpendicular to
t he ori eBtanplenwotildtihduds adalintds ofra vl dnammt [ latpeT gartsSyokeiglanef a ercredgeat hi ng
products te to. have relativel y.uni form al.heit not very high strength in
D Pt ceiFBte g uh Bl SRt T Ber Sdcalel g b, ol |
be ori enfggot Bmaed &S g1 & ladaitiv e VBN thO@ariehak BikBcd pRALeUsirRabndigNsi | e and
conpressive strengths,” as well as nmaintain high bending and transverse
shear st ¢letigithishar 'S$,éoltglil@etﬁrﬂm@H@bilib’aﬁuw@rrﬂéﬁﬁiﬁ’wiéllchldegl@iwl gnhgmders, al ong t he
| ongt tudi,nal, diTRASLORNLTSE, LAELRURRSES ORIl g i nvention, the orientation
of the fi'bers dre an |rrpor]fan1f cone i d8raton refative to the engi neering
requi rement s frades eacRidugiSPast, bV nPhmduat obidded twadr, raetact slopfiadipead from
our conposition. There are fairly well devel oped engi neering strength
st andar d¥ Freite faprieg withingthe Beodyet tp geryse detrity parer blﬁW@éﬁJ%ﬁe@tsﬁ‘f@Wnr%ﬁst be met
or _exceefledlGen SEAL Ao, AL At Q2 @B RFifed ASK Y Be G6 AlBad HEISTY
and/ or custoner certfifications.

in addition to water,
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In a preferred enbodi nent, a fog, spray and/or waterless slurry of

i norgani ¢ hydrate and pol yner such as the one described earlier, is

i nt roducewioto1t13875dry ori ented strands between | ayers alPChaisgdt1i083403 al so
possi ble to introduce the hydrate and polyner to the conpleted mat as in
the earlier exanples. The preference is to introduce the hydrate and

pol ymer between |ayers to ensure there is a relatively consistent anount of

bondi ng throughout the entire thickness of the fiber t which is difficult
Lo achieve. | Gtk 145 e R By S ik REProHa! Mgt EMURPSERT et
through fkQmRNDAI @8 B othBepdh&r indFEMid KR4k B8d Ii?x%cfslh%ﬁié figet h the
hydrate and pol ynmer prior to orienting themtends To be quite difficult

al t houghcampdnsnigl so desirous to be able to do so as a nethod of preparing
the fibrous conposition. Pre-treated fibers tend to be quite sticky and
difficult to orient and the equipnment is easily foul ed whereas the

di f i cul AotlecsersRs cwbodindit metlidel 1@ ihdeiuyel ot BnaidtePRbYidEbr@is0gr essi vel y
between | ayers or after the mat has been sonmewhat prepared from oriented
fibers. mglrials, layenmefgemite forg ppepmpirisal arfay of fibapeitheytip pdry foi@eedsary for

t he inor I t Ay (=)a : [ ' t e-m xed
or pr o- Y EaSig Chh & Gp Sile PR ot 1 BT Bork W BN e TR Bt T
anount s off thé nbaedrial isrpoedpagrinindayid @pamand inpdldesmridtised dewsityf eheGbitednid/ or LSL
fiber based materials are respectively; 40 to 90, preferably 60 to 85, nost
pr ef er ab?SporAINg {9pteadeslengaisgnt hi magsrial iy thep opbiprdavih 358 spBYEBI®E  npst

preferab : I t Qni3Q, 20, nost
prefera b+v¥teliigs,s sggf){ if i %rg%'c ggﬁraﬁﬁﬁyéﬂ, Qnie ag&hqgﬁé\gsbdﬂ aﬂv&tﬁr@s

within the material to fill voids to the extent desired and also gain bond strength. This is
then followed by a secondary layer, or strata, of shorter or other cellulosic material which

is then pressed into the associated materials to form a laminate.

In yet another preferred embodiment, wood, bast plant or other lignocellulosic fibers can
be oriented such that the strands are substantially parallel using well established and
readily available processes and equipment used in the engineered wood industry. Strand
orientation can be achieved with minor modification to machines and methods used for
orienting wood strands for a type of panel product commonly known as oriented strand
board or “OSB”. Such machinery and methods which are also used for orienting strands
of cereal straw and hemp fibers are well known in the art. Similarly, machinery and
process have been developed for engineered structural wood products commonly known
as long strand lumber or “LSL”. The main difference between the OSB and LSL is that
the OSB tends to use wood wafers to make panel products normally used as construction
sheathing whereas the LSL uses much longer strands of wood to make lumber products
such as those used as beams or slender engineered wood products that are normally used

in load bearing construction applications.
In one example, strand orientation is accomplished using a mat orienter which includes a

plurality of spinning discs. In one example, the pieces are vibrated on a corrugated panel

before being held or pressed. The corrugations cause the strands to align. In another
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There is again, as was the case for the |ow density acoustical materi al
described earlier, a large variation in the range of conponents that make
up the ravoaoufi3disber, preferred inorganic hydrate and polryuseeti/033e3 r easons
are somewhat different in the case of these higher density wood fiber based
products made from our conposition. For instance, where conpletely filling
voids to give a snooth surface finish that is highly water resistant and

al so has increased fire resistance relative to conventiqnal, OSB or LSL

D oduct SN e THHEH A De CFRARCS R BGNH- EHES Yo BET R s R 2 hher eas

i T strengftdsgased Hed WBh A WiBAUhAGETRAL thah MR JttaR8ergth,. WAKIaThZ 8Ashalthg ({O: 15: 15
parts by weight or weight percent ratio of fiber, inorganic hydrate and

pol yrmer grands deghefgridrcaysdsdhd sthands p, fal shreughprdbesibianiégllyrawingddn oee and
enhanced fire resistance relative to coqyeng%oqighCSQPaqd SL.B{ ducts

wi thout GFreEaPPV-PERUENHE ToE PeaalRl Y P8Rt ERETaPe YR iAo ght
shift towesid 1#yeB& crichRdWeescad Rl AOhB sirdndd@ichifd@iontin Othet Myt &n Bfdeeto
direction toward say 40:40: 20 where strength is not neatyy i mportant as are
t he snoofakitigae stiffpase andysieengihy koth pasiadeland @cepspdiselar topnashieey mprdacwsivg
enbodine&&chgxolves usi ng nmechanically shredded or pulverized paper as a
source o ?ignbcellulosic fiber for the conposition. For instance, it is
wel | known that waste gypsum wal | board consists |argely of gypsum and the

paper used to nake up the outer faces of the wall board product. T%pically,
in the cBYE8MPl: § SBEAHUBHPIRAChIRAEC R REYC A e I Y OfiRiFnaYGTh Vet E® gy psum
val | boar g drERIGS M staflal AnE B8 Rf isg%;féj&dﬂcﬁ%@é e RpiehBLGNbr @F the waste
mat eri al , ghe al ance bei ng substanti gypsum Waste gypsum wal | board is
of t en i nstmndein the &itce lahwes. Socleppes ar chebthinghmodicentend ® Iswveirtlatredyy be requi r ed
to dry the.materi.al priar. to incorporating i i.thin the c osition of the
bresent  VRGERADsE nosBF el Sreiorlilissboer Rentieh e Rerea FOBap TSt o

mat eri al ge dbersTBHELRBIBbYricARUME hipaRHeBHEM st tb RexRARE loRa6aiIRES smal |
particles that are sonetines referred to in the art as being "fluff".

Whet her tehglemdtcompadseive alrerigghspet woll agimpinihie highdiendinglané tidesvetse spedrveri zed,
the material .needs to be reasqnabl ry, .alt h nat dehydrated, prior to
bei g coSALE Bt e REaer onar PRty Sy BB Ao o he St r ength
of the fiinieakied. Faited pidbowo BPasSERvEitidnhihe oeienfatio@bf @8 fdtrsgysum fiber and
polymer in this enbodinent, the fiber in the formof fluff is purposely

or i ent edimRAraREongisleratian sedptevertp e engineefing MaBirAAents fForgRehrasPREtYE her fi bers
stated h |, | - L. irections in
b ch t LRI eL R stk R e bl E R BB SR Pl el et et 16
be subj eddvetbpbd ecnginadrmgtstisiigte sSainddrads for difaaneypastos henbdrand pagpdsi tion i s
used to manufacture roofing shigg*gs or rolled roofing material, the fluff

i s ori enPRHUSHERT P be R crecesest far cPiain apliaHGRANIPI A BCHIBNESCHER nal |

| atitudi paliscAndhdidraasysesterdfitfohions to take up the respective |oadings in
each direction. Such roofing or exterior wall covering materials are often
installed using nails with heads or staples that should not easily tear
through fhe shingle.or. rolled roofing, material after.it has been installed
when Sai I8 TRBIETEY cBBList et g i) By 61 NEE b HRe B IRET eRd ' For
practi capolpMEPARA s tHelbnkRieserbod e&liieE M intrb@celitb e drf ofibhtbd @ehr@s bl ended
omi-directionally into a liquid blend of the inorganic hydrate (gypsumin
t he casebaweereloyess ethaugbtibiswitolisabld o irftiodeee the hydiate andtpiel anesde eheof

recycl .edc \Arlr?sllét%dmrrl?ltl gloatild)aar?igrde a?nI ems"i“hé r%kéffl:”ceti@t%nlgtrg ucOttI?eelq dratt tzlaclPl € One.) :
Upon fina are, " A Most FsT S di  &c |on§}Fy oriented Suth That“there is

suf fi ci epdlysts eagtdn laferakd ertbufcaBieaNs relfitB@U} ¢dndBtennardoitlo® BgndA®ugh product
and, nore specifically, one that is resistant to nail or staple

pul | -t hr @E@J{ghout the entire thickness of the fiber mat which is difficult to achieve in relatively
thick mats by drawing the hydrate and polymer through from one side or the other. Pre-
treating the fibers with the hydrate and polymer prior to orienting them tends to be quite

difficult although it is also desirous to be able to do so as a method of preparing the
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The rel ative amounts of fiber, inorganic hydrate and pol yner used to nake
"fluff' fiber based materials are respectively: 5 to 30, preferably 5 to
15, nost woebhavrabisy 10, parts by weight fiber, 40 to 90pCprist@nabi4g3 50 to
80, nost preferably 65, parts by weight gypsum 5 to 50, preferably 10 to
40, nost preferably 25, parts by weight polynmer. In the case of using the
fluff derived from shreddi ng and/ or pul veri zi ng wast e gypsum wal | board, the

si npl est _and | east .co ach e the fiber that conmes in
2s Bart GO ETRRI GBI B e gl o BH N et PRI SRS ol ot ngs.
mari ne Cﬁhéfeh ?ﬁleni 1@@H§Iy" ﬂoﬁied%ﬁlvéa@%dﬁfﬁ%ﬁ HeRBides %E@[ﬂt@dﬁemgﬂ{ek' ng
structure coatings, roofing nmaterials and/or ot her products wthout having

to buy ahtx:ﬁratﬁ@n@polryrrmeprqgresglyplythﬂwere@damh@raf@omeae@t hapbesnvsomevtbae rati os

can be adj to suit, particul ar ger] custo re UI renents or
o e oo PR SrolrPy Aotk BB R L DTS bR, S B R C S e
I nst ancefor teinbigdhic ;\/uﬁ@d armqf&ﬁﬁéﬁgepolmr ety eslve pek-fxeli lbe prencom ng

waste wal | board is of poor quality and needs to be bl ended vvlth hi gher

qual ity Wwﬁrﬁf@ﬁéﬁb?m&ﬂﬁ@ﬂu?%%@ﬁl@fﬁ%r ate fromother sources to
maintain a certain product quality such as elasticity or flexibility.
Alternatively, additional fiber m ght need to be added for products such as
rol I ed rohd iehgivalamoanaadifibeoivalrganad hydvate land polgghuseaso stakaGSB snd/a@qui r ed.
For the purposes of achjeving ood distribution of the fluff fiber in an
omi - di rg\%lﬁ@ﬁra'?asﬁ%m“’rﬁla Stﬂr%F?éP?fglVF]é!nper atures should be in the range of 20

{095, pref erablojoct ik a9.c0MBR5, Abakerehbl 0okt ROudRHr A6, C and {he

bl endi ng shoul d be done u ear mxi n nt and processes for
a mni num dur&ta@hp@dfelﬁblyol(ﬁﬁmrmmtqm;fembbjhﬁr@bttybgw/etght g¥psmmut es and nost
preferably 20_m

as to how | ong'® pf)e?f‘él}‘"i‘h I t(g grhe%gt[ﬂ%ﬁ%r@%b’ng%%ﬁ%{w Pﬂe{%?‘\ﬁgglg{ngﬁglonlgl hmats aﬁ);gﬂ
carried out. For instance, in a manufacturing plant, it is a good practice
to maintain the blend at tenperature and with constant agitation until such
tinme as Therpg q@aﬁk agwds ﬂl@ﬁ:a@eﬂor therlgwidensifyorchestichbwateiiareseritedeadier.ed i nt o
T Imn![ Isgleflysg(;e: \!arlap 10T 1nut%e range o% ngﬂ(?n%ﬁts‘%ﬁt l‘r'r'iéke%p&he?‘ pattlo of fl\f\)@r prefertreciMi S

inorganic hydrate and polymer. The reasons are somewhat different in the case of these

higher density wood fiber based products made from our composition. For instance,

where completely filling voids to give a smooth surface finish that is highly water

resistant and also has increased fire resistance relative to conventional OSB or LSL

products is more important than strength, the gypsum is maximized whereas if strength is

the main requirement, the fiber is maximized. The 70:15:15 parts by weight or weight

percent ratio of fiber, inorganic hydrate and polymer provides fair void filling, some

improved water resistance and enhanced fire resistance relative to conventional OSB and

LSL products without greatly reducing the product strength. However, the ratio might

shift toward a 80:5:15 where strength is paramount or in the other direction toward say

40:40:20 where strength is not nearly important as are the smoothness, water and fire

resistance aspects.
Another preferred embodiment involves using mechanically shredded or pulverized paper

as a source of lignocellulosic fiber for the composition. For instance, it is well known that

waste gypsum wallboard consists largely of gypsum and the paper used to make up the
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Qur conposition can be used to manufacture interior and exterior doors. The
processes for producing cost-conpetitive doors need to be carefully

opti m zedwDQON/138TSHze costs. This need to mnim ze cost #Crajsatizm3i4nzie f or
all the previous preferred enbodi nents and exanples, but, due to the

typi cal door being nuch thicker than nost other materials described
earlier, there is a need to give special consideration to nmanufacturing the

door so that.there is mnipal materi.al used in the core of the typical
Goor . QubEnrs ityer b B e R CEsb i foETe Grosvers wolBr e  of
rails angaqt ith@papet fdu:ﬁa ih QRste RYpIATLANBL2A HgTescR R HRGadeldt 580td 1534 de and

out si de ski n. e stiles and rails are typically made from engi neered wood
Wi t h t heofsthe meighe phidie prastegpaiefialotie \holaded baieg subsiapoalin &pseomn. Wasigl sheet s.
There are stillz11 Mié%()od.dgogét v ié Q;eobgt(%hg éunﬁynqgrarggresent t he
mej or i t ySUPUPREIRRMCEE OTERE YT YEC SPoHLREOR RS )é%un%ﬁ V' Priofdd

Conposi t feqhirédtold@y UREMEXH S Pridd 1S HicBiporading @ &/itRMHIhE BbhPodiéh & tiPpiesalie
relatively small amounts of our conposition foaned to a high degree to
partly onvedigit etely fill a hollow core door to make it nore solid and fire
resistant. An existing interior residential door type that is not
fire-rated can be uprated to be used in comercial applications where

hi gher pFoags peefarrbeembodiinead thef willb@agionssté Safeainlslaye diredtiedpl ptilekyzeddi | | ed
with our fire resistant conposjtion, Alternatively, two halves of a door
(each betus§ trithe RaRer bespanes sRpk REsles thah arepemstimes sferehiond it #at  have

the compgshd i @re QUGG QR AGe hliferiakishytiol Bryf OAPLLi jeliiopn_making up
t he balance% @ﬂ; ?&o Eéngg C%n bé Egﬁﬁeg tgggt erlﬁfgﬁaﬁﬁeoconposition or
by ot her puteanmd, thomagaidchl heals &b bstaasmgbly, drgidlthesgland debydrstedpgerfio om

engi neered wood or fromthe conposition.wth OSB, .LSL and/ or her

1 nocel FTbETEb A Bab PHRFRBaRt du S45% P oBifs arts het Ued. 1n thi s
nmanner, fihish& MASHARIEPoSd QRN E8mblRAGEAbE & fhsIROlibEr AMPWM&GIRASI ti on,
rather than just conponents of a door. The door exanplés’illustrate a

usef ul atmbodinneet, e fihgr in the éermi oinllwif isqhrpaselyratentdids ¢idhee as thoseledibeedr
enmbodi rmntcsom S ti%(ral vx(l:lalnzﬁl gﬁl%r %'Ber%) rSi%.g WGl OS(IjJ.C CEhsat thle% i ri]r%flfl:a%I S rerrlloghel% t hat in
each of tHESE"HHoVE pre &rred Endadi meht & "ahd exanﬁﬁes i A e precedi ng

pages, timesi@efics s sAschahefinShidd frodudtOpldausarteiin tircoatpobdidh aradxpe&sd bel ow

those in which the hydrate begins to substantially deconpose, to avoid or
at | east to be subjected to greatest stress.

For instance, where the composition is used to manufacture roofing shingles or rolled
roofing material, the fluff is oriented such that there is sufficient strength in the
longitudinal, latitudinal and transverse directions to take up the respective loadings in
each direction. Such roofing or exterior wall covering materials are often installed using
nails with heads or staples that should not easily tear through the shingle or rolled roofing
material after it has been installed when said roof is subsequently subjected to wind
storms or the like. For practical purposes, in this embodiment, the fiber is stirred or
blended omni-directionally into a liquid blend of the inorganic hydrate (gypsum in the
case of recycled waste wallboard), fiber (fluff in this case of recycled waste wallboard)
and polymer (polyurethane or other suitable one). Upon final cure, the fiber is omni-
directionally oriented such that there is sufficient strength in all directions, resulting in a
strong enough product and, more specifically, one that is resistant to nail or staple pull-

through.
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m nim ze rel easi ng excessive water vapor which can disrupt the

manuf acturing processes and/or reduce the strength and other qualities and
properti esoab1t13a756i nal | y cured conposition. For the puPp®as3010/0334h3 s
description, the term"dry" refers to ingredients or materials of the
conposition that are substantially free of noisture. In contrast, the term
"wet" includes aqueous slurries or materials that are saturated with water
to the extent that there is considerable free noisture present. Typically,
in the case of inorganic hydrates, for the purposes of this description,
the dry TR¢ RIRfe 3RodnRYA BEL St &M @h Rtk 8RS pb AR 8%l tb okEeiSirufiser( % by
weight). In the case of the fiber |ngred|enps or materials, the noisture
cont ent basad thatrsials arordspedtivsky: t han 15% to be considered a dry materi al

Preferably, t i sture content woul ss than 2% f.or the inorganic
hydr at es and ?gosgﬂ)’tpﬁ‘gﬁrag%ft&l%?ﬁlgsﬁ Erﬁpﬁ&%@ h@lpggtls Eyf‘xfebé} .ﬁ%Erxcess noi st ure
can be | argel y0 {90 prderallyl59itd 800064t GEeBably28 T htis 1BV RABI@hAEYpéemt echni ques,
anong others. One of ordinary skill in the art can determ ne an appropriate
| evel of dryne&s39.@referably /) tod@s moptgreigrabht 2. parts bie weighppelymebn and enpl oy
appropriate techni ques such as heating, ventilating, adding desiccants,
etc. to achieve such levels w thout causing the inorganic hydrate

i ngr edi ehi the tmsedé aoinp dsefl &R dassidvedy sleddiag ahdier pilbaiziigpwbee gupsuaver | y
dried out and thereby become too weak or brittle before or during.the
curing cyellrargthe HaPlshyssiEst 695ty APproaeh fsttp sHeRly dsmthg dibet hat conggs in

i nstrune i : } I nmount of
dryness %Irﬁd éttr(;ﬂ/titﬁg@rﬁée{ggliagggﬁ 3%?%3{‘1&%% 1@?%@%&? taggjsoﬁ(ﬁg%[’ :rﬁé%g?t ant benefit
of usi ngcatipgyadasiral soatings, maad wepait adareripbl parking ssuctoreaapogsy wwagingane do not

require the presence_of irregular shapes or voi.ds in.the inorganic hydrates
or 1 ber SAEGRSARARY SWET BiRGU oA Y. AR O IS K5 HEHBIRE t o any
theory, Y@eb@ulRVEHSWRtBe REGAUSEe A &éﬁo%ﬁﬁ%aﬁfeuh@@n%ﬂerﬁgoﬁ?t her
isocyanate in the preferred enbodi nents in which the polyner is

pol yur et ¢rstranertre@uifesisoisan 40 ecdoyntdiol gariadiohppnircgvialiter indongipplied h t he

hydr oxyl oups-W.t hi n _the J notgani c drates, and al so e. hydr oxyl

ot oups” TP Fl s BF AR BN R e MR ) e

st r onger whii@waBByarBCATR0E ghalip Mitbndelato Moblbsicaeyifioighe quytlityspbudr at i on
and/or crystallization and/or precipitation of inorganic hydrates that

basi cal | $#1d/efrashardeaeyHy By ¢ate fyompthsT pruEensio Saintyng Srtaipgredychiwality or ned in
wet proc - e N i i bl e t i nd/ or
mor ani S Raariareda R XRRARTY Salohl Aol SRR TRA b fo BEE RO O o1
el i m nat produdth encheedolleal roafied whéiy addsioeilmadrpullithoughrddbtancaiveguitdde vari ous
sources and types of fiber and inorganic hydrates to effect sufficient

bondi ng. Finished, cured fornms of the conposition can be in a variety of

shapes, o rHE Fﬁg@ées%@qcmgﬂg%%%s& Hisalbui R er Mg 84 if 9 Bhnhsakh@bngf panel

boards i ncl ud t hose o n sizes and thicknesses that are used in
vari ous mspertHewnfing enyperanoes shoukhlk inrthotange ofppid TapradersblyAdav96r woul d be

in the shapes of .co r be ., Jhe ¢ osi tion can be nol ded or

ot her i SBORGTEHL(E T Teies CoRd B PBE TS Be AR TR Shdbes t hat
can be spbggab@nRpm¥ntfandipshieket RirauahiRGa durRdal of 5a6 B0 Reinue®| fléBgblyrachi ni ng
and/ or ot her operations to whatever size, shape and finish characteristics
are desi et Bymimutesgnd dupseprebrratdy d0 ysiantes at such temperature. There is, however,

no limitation as to how long the blending can continue once the initial blending has been
carried out. For instance, in a manufacturing plant, it is a good practice to maintain the
blend at temperature and with constant agitation until such time as it is packaged for
delivery to another location or converted into finished solid products at the manufacturing

plant in which it was initially blended.
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Fi ni shed preferred product enbodi ments include various buil ding and
construction materials such as those descri bed above but are not limted to
t hese prowoabs/ws7ssndustries. For instance, dependi ng oRCThus241y834ahd
orientation of the fiber as well as on the choice of polynmer used and the
variations of the anounts and types of ingredients used in the polyner, the
finished products may be rigid or flexible. Exanples of flexible products

fj terials, both | | fi duct. df i bl hi ngl
o1 aduct SO EUSE P R eAPIT 3 oI AP “HEFoRaiy O R t9pe. and

t hi cknesgr@fodubRgfcb il e ilRe 85drahsedBBde clefiliNEoiMPASbihAMmAS c¥&L.! as on
the desired characteristics. Rolled roofing materials are generally made
nmor e f | eXhibinecd toaninghizagb#s iswiiodhucdoralhe preqous prdferiod bebpdimehtscindr ed or
transported in rolled, form . Simlarl for use in manufacturing nol ded
par t o 1 o ned®h R Bhfant Reley R os e aghsBieriafod ReMMS3IIANG: o7 erc.
the shapgssciibdll @Ric@eileli€¥ nbdd tolgivd GaLial @FRIELRALOh (¢ MAneRENARE theQldoar € of ten
remarkably different fromthose for structural building materials. Surface
finish, tothattheredymipimahpgtesighussdin Sgerarf thatypiral deasaCpmeshrarpdusedr wher e
aut onot i ' 1.1 1 Catyl Lt are
aui to i $55 BFR Y BEhUFR R b e AR (Rl IS aPlnc iF HERFRIRSIERE 21
uncol or ecbmlfipéd with ian ivssideqindtduesidecskin A3k tstilen ahdiraill arectgpietli ygiadofromnd

bui l di ng trades. Movie E{osgs are an exanple of an application area where a
wi de r angfieieErgsBesh itk Ehe sking being rresssd Bpm; weekiibes qompasisheEMEkd i nvol ved.
An addi t yppal TiRneherdind Bl OB ol 1ol Bt endiSf Bhad:BEprEQAPRSI Lion T the
manuf act ure orfr Iraml%nsalteoﬁlrggrlﬂng pragﬁucts I?n varfl%t y@porg ?{lp%l shes,

enpl oyi ngaprivaci the ynaoketf Oixeway yopmeduck adiet paglyifsdm ngr feagiasitenos tat uve
conposition. of . the present. invention over.the |lamnate floorin r.oduct s
Found | n Mg sKirdy sEf g NmEScsn s T o S PR P ESBPTPRVERE | on
whi ch capyahRRd s & digh deBrad Y paiklyloh@ombRely HMRERIERSGEd 88F (hBfakE .m@general |y
has relatively greater resistance to water and noisture. The currently

pr oducedsaidzanddire rgsistrat dksexigiingdnienot residgntiad doar typathat isorot fied-ratesidaned f or

use in bgthroo E% ot.her 1%' ace ""“ﬁéa%oﬁshe AN 818X gsed L@ water or hi gh

: € uprated fo be used I somnmcrcial.app V. he HeF5 8N alnefl
nol st ur e, speclally under cnroni or prolonged condl t1 ons. e Tamnate

f 1 oori ngthplcoRUS bartigan ch@pede fivkd Withiont she@sigtadt dompdiriosl zes and shapes
that are simlar to the standard or commonly used ones known in the art. An
addi tional distinguishing and beneficial feature is that the | am nate

floori “%Rﬁ%g&fﬁ%g R AIHEEdr 4 H{?(@P (E{Lﬁ‘q eb;ve[ t;ﬂ: gdg%}%igfgfﬂi%s%aﬁ%% fubqventi on

can genera e the rigid I'ence paraneters
vari ed tfrosunhdldpthadhoerthe corspaitin sotid dseting thefskinewitle Soanedecongpasitiby t han can
e O S IS Bl LOF0ilioddIS SR LAl Solist 51 ance 19
by other means. For additional strength, stiles and rails made from engineered wood or
from the composition with OSB, LSL and/or other lignocellulosic fiber can be inserted as
the door is being molded. In this manner, it is possible to produce the entire door from

our composition, rather than just components of a door.

The door examples illustrate a useful attribute of our invention which is that different

preferred embodiments can be combined to produce products.
It should be noted that in each of these above preferred embodiments and examples in the

preceding pages, these processes are required to be conducted at temperatures below

those in which the hydrate begins to substantially decompose, to avoid or at least
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O her preferred applications for the conmposition of the present invention
are for use in manufacturing furniture or furniture conponents, insulation
mat er i al swoantii3s®6t ur al ol di ngs, w ndow parts, doors &od/usean/ogamponents.
Wil e the invention has been disclosed in its preferred form the specific
enbodi nents thereof as disclosed and illustrated herein are not to be
considered in a limting sense, because nunerous variations are possible.
The subj ect. mattler .of the.invention includes.all ﬂovel fand .non- obvi ous
g 8

conbi nat PEHEIZEHEICLBE GHISH TN 1VBYE VAo PN A b e mantacturipg procgsses

functi ongd/@nedRe thr QRBEI £ Jih? GLARRd ahE hRipRrticNor BBy gRUUr e, function,
el ement, or property of the disclosed enbodinents is essential. The

f ol | owi neprepasitipg. defi ne certai n conbi nati ons and subconbi nati ons which are
regarded as novel and non-obvious. O her conbinations and subconbi nati ons
of features, functions, elenments, and/or properties may be clai ned through

amendnenforhe pl@oftis@$ @t déscaplidn, @e FiR S@RL aéfeBNo Q{dgraﬁmtg bama®riak ofhi s or a
rel ated application. Such clains also are reg}grde as included within the

subj ect arce@pogfion et gesyltrntiay &ige PoMOISesiHOnIyS the LRMEtEEr they are
o 020et, DRERA iy PR g FEBR S P Ul ) e gy ent o
conpr eheRgbhiidertide ffilre nexigeretpresot) Ty piadll yidgn tHei caseapiiho@aiiic ddraas, fonenebasi s of
hi's or hglgrplésrgs)\{)\’lf tehclisg c?esgrqgtio%?iﬂeod%af lf(l)r)r/n gfl sgPdl heydrrz?tgét (i:ogl?aiﬁselggssthan 9 %afirerfr:!5 ve claim

moisture (% by weight). In the case of the fiber ingredients or materials, the moisture

content would need to be less than 15% to be considered a dry material. Preferably, the

moisture content would be less than 2% for the inorganic hydrates and less than 7% for

the lignocellulosic fiber. Excess moisture can be largely removed by using desiccants

and/or evaporative techniques, among others. One of ordinary skill in the art can

determine an appropriate level of dryness for the various ingredients of the composition

and employ appropriate techniques such as heating, ventilating, adding desiccants, etc. to

achieve such levels without causing the inorganic hydrate ingredients to decompose

excessively or for the fiber to become overly dried out and thereby become too weak or

brittle before or during the curing cycle for the composition. A practitioner can use tests

or instruments to measure moisture content or judge the relative amount of dryness or

drying required by trial and error methods.

An important benefit of using dry materials is that certain polymers such as polyurethane
do not require the presence of irregular shapes or voids in the inorganic hydrates or fibers
to effect strong bonding. While not wishing to be bound to any theory, we believe this is
because, in the case of the MDI or other isocyanate in the preferred embodiments in
which the polymer is polyurethane, the isocyanate is able to form covalent bonds with the
hydroxyl groups within the inorganic hydrates and also those hydroxyl groups within the
lignocellulosic fibers. Covalent bonds are generally much stronger than any mechanical
bonds that would be formed by the hydration and/or crystallization and/or precipitation of

inorganic hydrates that basically interlock physically within compositions or materials
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1. Afibrous cured conposition conprising lignocellulosic fiber bound to an
I norgani c hydrate in the absence of water by a polyner. 2. The conposition
as cl ai mewioi2n1¢i3aism 1 i n which the Iignocellul osic fibePCraSpunjossies y
oriented prior to being bound to the inorganic hydrate. 3. The conposition
as claimed in claim1l in which the inorganic hydrate is one or nore used

al one or in conbination fromanong the hydrate forns of gypsum al um na

trihydrate, |ine, borax bentonite. . e co 0Si n as.clainmed in
i bomeh et TS sy e Py Gt 2l o S6 Bogiuh 6B 38061 on o

cl ai med jgrdahRiHPdlardhsWHICH bhigh bil i9RLEIRH biiels Otﬁél‘éb§1 kd¥@Eink Sr ORRIMRkinf e used
al one or in conbination fromanong hénp, flax, kenaf, jute, ram & or other

bast fi b@@edtty p@ref)ﬂla(rdlscerrﬁor ﬁwelmowp@mpng the \agions sdumesd ahd typleapffiBeriandwhi ch
t he Ilgnocel es one or nore used alone or in

fi
conblnatp8ﬁmPKGHa5%§t8 ﬁ%@sﬁ ﬁ@ﬂg%gngg%cies of wood fiber used for

manuf acturing building or construction materials, furniture or any other
interior _or exterior roducts generally described as wood or engi neer ed
wood pr obiéshed, Gpre@(fﬁﬁ@ﬁ@fﬁgg composition can be in‘a variety of shapes, structural and

non-structural. One preferred form is that of panel boards including those of common
sizes and thicknesses that are used in various aspects of construction and in other
applications. Another would be in the shapes of columns or beams. The composition can
be molded or otherwise formed into finished shapes directly or into rough shapes that can
be subsequently finished through additional forming, molding, machining and/or other
operations to whatever size, shape and finish characteristics are desired by the producer

or end user.

Finished preferred product embodiments include various building and construction
materials such as those described above but are not limited to these products or
industries. For instance, depending on the type and orientation of the fiber as well as on
the choice of polymer used and the variations of the amounts and types of ingredients
used in the polymer, the finished products may be rigid or flexible. Examples of flexible
products are roofing materials, both rolled roofing products and flexible shingle products.
The amount of flexibility would vary depending on the type and thickness of the finished
materials made of the composition as well as on the desired characteristics. Rolled
roofing materials are generally made more flexible than shingles which are not required

to be manufactured or transported in a rolled form.

Similarly, for use in manufacturing molded parts for use in automobiles such as
dashboards, inside door panels, etc., the shape, finish and flexibility requirements of the
composition are often remarkably different from those for structural building materials.
Surface finish, color, texture and contour shaping is one area in particular where
automotive, aeronautical and similar applications of the composition are quite different

from the traditionally flat, plain and usually rigid and uncolored applications for the
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7. The conposition as clainmed in claiml in which the Iignocellulosic fiber
I's or includes nechanically shredded or pul verized paper. 8. The

conposi tiwo 2a8/BBBSNMed in claim?2 in which the fiber i sPpunseselog3403i ent ed
using natural or forced felting techniques. WO

2011/ 133755PCT/ US2011/ 033403 9. The conposition as clainmed in claim2 in
which the fiber is purposely oriented using oriented strand board and/ or

| ong strand | unber nanufacturin .hods .and equi pnent. 10. Th
o et § SRpes R A ASeh s TN R e b BT e an s BB 97 o1 | ent e

by bl endificRiorSdred whilg awRib adtee Ak bibpeRlee Ak sOflcRbil Vil hkPhiRRRare al so
referred to as fluff, into a bllended m xture of inorganic hydrate and
pol yrer . involved.

An additional preferred embodiment is in the use of the composition in the manufacture
of laminate flooring products in a variety of finishes, employing a variety of fiber types.
A distinguishing feature of the composition of the present invention over the laminate
flooring products found in the prior art is that the composition of the present invention,
which can be used with any of the fiber types described herein, generally has relatively
greater resistance to water and moisture. The currently produced standard products found
in the prior art are not well suited for use in bathrooms or other places where they are

exposed to water or high moisture, especially under chronic or prolonged conditions.

The laminate flooring products can be made with finishes and in the sizes and shapes that
are similar to the standard or commonly used ones known in the art. An additional
distinguishing and beneficial feature is that the laminate flooring products produced from
the composition of the present invention can generally have the rigidity, flexibility and
resilience parameters varied to suit producer, customer or user preferences more readily
than can the common usage ones found in the prior art. Increased fire resistance is

another beneficial feature.

Other preferred applications for the composition of the present invention are for use in
manufacturing furniture or furniture components, insulation materials, architectural

moldings, window parts, doors and door components.

While the invention has been disclosed in its preferred form, the specific embodiments
thereof as disclosed and illustrated herein are not to be considered in a limiting sense,
because numerous variations are possible. The subject matter of the invention includes all
novel and non-obvious combinations and subcombinations of the various elements,
features, functions, and/or properties disclosed herein. No single feature, function,

element, or property of the disclosed embodiments is essential. The following claims
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11. The conposition as clainmed in claim1 in which one or nore of the

pol ymer ingredients is not conbined so as to maintain the conposition in an
uncur ed sweate11fies75an i ndefinite period prior to curing. PCITAIS20ih@33403
conposition as clainmed in claim1, wherein the hydrate contains |less than 5
w % free noisture, and the fiber contains less than 15 wt % free noisture.
13. A nethod for producing a fibrous cured conposition, said nethod

conprising. binding lignacellul osic fiber tq.an inor ic hydrate in the
Sbsbnce GHNEEARAPEHTHORE Y boorina s it e R AL RSP m 15,
further gorpid Bk cObBALSNGENHRELEIMERatATBPRAALS:, AlcRbnd BleffendUr i Ng the
conbi nation with inorganic hydrate. 15. The nethod as clained 1n claim13,

furt her YuWprirepatdes mpay be claignddli thipugly ampedieiserf thepreseat dlgidrsatre, ni xi ng t he

fiber wth ter t.o create.a.pul pou ueous. sl urr, .agitating the . slurry,
or ompt i ngeret gl Red ST o ol GO R B ot P B kg et s,
The et hgdindsded withRdhé utgécidittdSof thbBregdnt idRatidn BeIspdctive onvha@er they h a
fog, spray or waterless slurry of inorganic h){drat e and pol ymer.

are broader, narrower, or equal in scope to the original claims. This invention also covers

all embodiments and all applications which will be immediately comprehensible to the

expert upon reading this application, on the basis of his or her knowledge and optionally

simple routine tests.
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WD 2011/ 133755PCT/ US2011/ 033403 17. The method of claim 13, wherein the
fiber is derived fromsuper short henp fibers. 18. The nethod of claim 13,
wher ei n twe 20naBgmni ¢ hydrate is gypsum and the pol ynerCirasSpalipsi4es hane.
19. The method as clained in claim13 wherein one or nore ingredients of
the polyner is not initially conbined so as to maintain the ability to
store and/or transport an uncured mxture for an indefinite period prior to
finally &Fnbining all of the ingredients to produce the cured conposition.
20. An artd®e of manufacture nmade fromthe conposition of claim1, wherein
the article is an architectural nolding, acoustic panel, door, marine
coating,“&ggggﬁhingle, rolled roofing material, wallboard, |amnate
flooring, road repair material, concrete or asphalt crack seal er, parking
structure coating, structural panel board, structural |unber, furniture or

furniture conponent, novie prop, autonptive | ded conmponent, door or
i miiow cErmonBbrot e B R PP e Mg O S (i BT or |

inorganic hydrate in the absence of water by a polymer.

2. The composition as claimed in claim 1 in which the lignocellulosic fiber is

purposely oriented prior to being bound to the inorganic hydrate.

3. The composition as claimed in claim 1 in which the inorganic hydrate is one or
more used alone or in combination from among the hydrate forms of gypsum, alumina

trihydrate, lime, borax or bentonite.
4. The composition as claimed in claim 1 in which the polymer is polyurethane.

5. The composition as claimed in claim 1 in which the lignocellulosic fiber is one or
more used alone or in combination from among hemp, flax, kenaf, jute, ramie or other

bast fiber type plant.

6. The composition as claimed in claim 5 in which the lignocellulosic fiber also
includes one or more used alone or in combination from among the numerous species of
wood fiber used for manufacturing building or construction materials, furniture or any
other interior or exterior use products generally described as wood or engineered wood

products or components.

7. The composition as claimed in claim 1 in which the lignocellulosic fiber is or

includes mechanically shredded or pulverized paper.

8. The composition as claimed in claim 2 in which the fiber is purposely oriented

using natural or forced felting techniques.
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9. The composition as claimed in claim 2 in which the fiber is purposely oriented
using oriented strand board and/or long strand lumber manufacturing methods and

equipment.

10. The composition as claimed in claim 7 in which the fiber is purposely oriented by
blending or stirring mechanically shredded or pulverized paper, also referred to as fluff,

into a blended mixture of inorganic hydrate and polymer.

11. The composition as claimed in claim 1 in which one or more of the polymer
ingredients is not combined so as to maintain the composition in an uncured state for an

indefinite period prior to curing.

12. The composition as claimed in claim 1, wherein the hydrate contains less than 5

wt % free moisture, and the fiber contains less than 15 wt % free moisture.

13. A method for producing a fibrous cured composition, said method comprising
binding lignocellulosic fiber to an inorganic hydrate in the absence of water with a

polymer.

14. The method as claimed in claim 13, further comprising orienting the fiber

components prior to or during the combination with inorganic hydrate.
15. The method as claimed in claim 13, further comprising, prior to binding the fiber
to the hydrate, mixing the fiber with water to create a pulpous aqueous slurry, agitating

the slurry, prompting the fiber to felt to form a fibrous mat, and drying the mat.

16. The method as claimed in claim 13, wherein the fiber is combined with a fog,

spray or waterless slurry of inorganic hydrate and polymer.
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17. The method of claim 13, wherein the fiber is derived from super short hemp

fibers.

18. The method of claim 13, wherein the inorganic hydrate is gypsum, and the

polymer is polyurethane.

19. The method as claimed in claim 13 wherein one or more ingredients of the
polymer is not initially combined so as to maintain the ability to store and/or transport an
uncured mixture for an indefinite period prior to finally combining all of the ingredients

to produce the cured composition.

20. An article of manufacture made from the composition of claim 1, wherein the
article is an architectural molding, acoustic panel, door, marine coating, roof shingle,
rolled roofing material, wallboard, laminate flooring, road repair material, concrete or
asphalt crack sealer, parking structure coating, structural panel board, structural lumber,
furniture or furniture component, movie prop, automotive molded component, door or

window component, foamed insulating material or an adhesive material.
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