; e3en| p6TnSe~ *@0001 PROCESS FOR PRODUCTI ON OF WOOD COVPCSI TES USI NG A
M XED PMDI/ SOLI D NOVOLAC ‘RESI N Bl NDER BACKGROUND OF THE | NVENTI O\I Thi s

invention relates to a process for produ wood conposite nmaterial by
conbi ni ng wo¥B WM cles with a M@Hm Emm yl ene PCT/US99/29287

pol y(phenylisocyanate)lsolid nov re5| n bi nder conposition,
foll owed by nol di ng or conpressing thwowdtbi ned wood particles and the 5
bi nder corrposition Corrposi te materials such as oriented stand board,

particle board ake board are generall roduced bl endi ng or
Dot ay | nRORFH 8 ERRHCTRN SRaBP CaVESSEiRS HONE VISR IELRAL> Rl C PrALRDR o 00

particles, wood wafers, strips or strands) pieces of wood or other

comm nuted 10 |ignocel | ul gs‘ej gé E'i l abg _e/vl %H Z ﬁs Eﬂﬁr conposition while the
materials are tunbled or | | ke apparatus. After

bl endi ng suffici Q’Hishb{vérﬂioﬁ?élaie% tU'&'Hr@éé@s'fb%ér%@cm%; W oBRoRiposits are forned
into a | oose mat, which is conpressed between heated pl atens or plates to

set the bi ndesteraldyirombining wood inagiclastwitha snixed P?'M@G"M%@es etc., together

in 15 densif G, rried out at
terrperatureg @? 'ﬁa{g{rﬁ acggﬁ%{ﬁyg%l vg%%fh%ﬁéﬁre@fneggence fdé{}g? i ng anounts
of steam geﬁ@me@mmoldimfmﬂmewnemrt@mw ped padicles@mdithe wood or

l'i gnocel Igul These processes al so generally require that the
noi sture cogﬁgﬁg%gﬁkbﬁlan gnocel | ul ose material be between about 20 2 and

about 20% by wei §lempadsié maéenajs suchaseoriantedistehd bbardyipadiste bairgwood
production is | | | L0 i f g, curtain coating,
or spraying @dﬁﬁﬁgwa@lﬂfgg@%ra@'ﬁ p5?‘ﬂ%§gég¥g’§nl&2 %ng}'h& plurality of
Vﬁneers are Irﬁhedfelllhlnisdémmetlais sochras veed flakds, mdlﬂbecb Wwdd lpzetictes, ]:Fpe mats or
sheets are then ced jn a res ressed to, 25 effect
consol i dat i d’}‘POé’n‘gafg[ﬁ’ ShpseF S{}ﬂ'éésr’rﬁf%fe? 8?‘3’01’&960 e 62MI"EPAder conmosi ti ons
whi ch hae b@ﬂﬂcéll&ﬁiéelrﬂatﬁﬁéqsMthsau@hdé‘rmstt@n\mmdtﬁéﬁiﬁﬂéﬁa% amecl ude phenol
001 35985 énodrl mal dehyde resins and

| Socyanat oo By & ol ipAdjerviereuiie apparatus. Afer b
sufficiently to form a uniform mixture, the materials are formed into a loose
mat, which is compressed between heated platens or plates to set the
binder and bond the flakes, strands, strips, pieces, etc., together in
15 densified form. Conventional processes are generally carried out at
temperatures of from about 120 to 225°C in the presence of varying
amounts of steam generated by liberation of entrained moisture from the
woad or lignocellulose materials. These processes alsc generally require
that the moisture content of the lignocellulose material be between about
20 2 and about 20% by weight, before it is blended with the binder.
Plywood production is accomplished by roll coating, knife coating,
curtain coating, or spraying a binder composition onto veneer surfaces. A
plurality of veneers are then laid-up to form sheets of required thickness.
The mats or sheets are then placed in a heated press and compressed to
25 effect consolidation and curing of the materials into a board.
Binder compositions which have been used in making such
composite wood products include phenol formaldehyde resins, urea
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PCT/ US99/ 29297 W son's paper entitled, "lsocyanate Adhesives as Binders
for Conposition Board" which was presented at the synposium "Wod Adhesives’
Research, Applications and Needs" held in Madi son, Wsconsin on 5 Septenber

23- 25, 1980,wbrbo)§$§§%h t he advant ages and di sadvant ages of gmegtiss9hzbhese
different, types o I nders are discussed. |socyanate binders are
commercially desirabl e because they have | ow wat er absorption, high
adhesi ve and cohesive strength, flexibility in formulation, versatility

W t h respectfoinfal@shyRietrosiRSBAd 1466y atates. See, fof ¥R@MmpNJarh@s Bt ruct ur al _
properties, the ability to bond with |ignocell l.éLOgl c_materials having high

wat er cont erWHiSON:sRARGS eptiliadaIRAPRRCARNESVER @S raf L RABPASIings of

| socyanat es gyqdihith Wé%b}'ed'eﬂte@réi@t?é%rﬁﬂoé_wﬁ “WaokMRineshibgh reactivity)
adhesion to platens) lack of cold tack, high cost and the need for special
storage. U. SesegratnArplictionses! Naedihelein Nadisa, YYaeesisorchri ft No.
2,109, 68& di 2 f: A i herefor) in
t he manuf@ actu é&ﬁ e’:ﬁ%ﬂi@? Q’fllnE@F%‘o@??d%g{%?%ég@gﬁ%an%%%%éiﬁ icles, as
wel | as var ieagh of thasaidifierentdynesiod pindershene disssgsed bi nders. It is known to

treat cellulosic ' 1t b%rr"g; Dyl | yanat es)
("polymeric M ™ )‘égtlgglﬁérl%%lrb@egsti}ggg rené‘?ﬁy g«?&fi‘[[aﬁ% %%J%grg% uee’th%g%ypi cally,
SIUICh t rea{ hnﬂmv_ watercdbsemptiapigh a@&s!hfehémbmlmh{ees_treogmhﬁexi?ﬁtﬁrin ?I agd
al | owi ng i sqcyanat e [ it.her ication.o and pressure
(see, e.g., %ﬂ'@ a%’é}' (\:(%r[sgﬁlgy, %’E%?%sggd tgcbl()%?/eg%%%tgrelé@)@é%exgg@eﬁ 768, and
g, ggézl ig% wtvmgfuralq?mdmmﬁfe?ﬁ]mtc(mﬁw% tb%nocldlulﬁosié’altateﬂ'\%sl 4,2213, 223 and

: : : | At is possible to 0 ol ymeri 0 cure
under anbi edtd" ﬁ?ﬁrf W3%§F°?tggﬁsd%%‘$ ”?%Wﬁ?éﬁ@eg%%&‘sri%i n on the treated
pro;ﬂucts flordislvmlsﬁtgges ef/ie@cyrmaﬁefb&ré diﬂitﬁllf?iri mbemrayl dud fo their algho knlown to
utilize tolu n | j socyanat or su rposes. |socyanate prepolyners
are anong tﬁéagP’gY'eardrh@a'Oﬁg%ek?gﬁ’ét '@Cﬁﬁf@?’%‘-‘g aﬁﬁ@ﬁs'f%ﬂ%tﬂﬁé‘éﬁdused in binder
conposi t i onof §heefl ¥Rragd, USIPaibnti3, STEL665 86d Bephhs Ofenikauhgsul arly adhesi on
to press platens an WO 00/ 35985 -3 PCTNS99/ 29297 reactivity. U S

Pat ent 4 510Fchu% Not gr"%é%gﬁﬂisé"!osﬂ itRe e akpolysesyanales(@ideatal/eld prepol yner s
whi ch i npr o\ReRfRinthe FRinGBR8iré bPPyRo®) fberbdart, compression molded
articles, as well as various technical advantages when used as binders.
It is known to treat cellulosic materials with polymethylene
poly(phenyl isocyanates) (“polymeric MDI") to improve the strength of the
20 product. Typically, such treatment involves applying the isocyanate to the
material and allowing the isocyanate to cure, either by application of heat
and pressure (see, e.g., U.S. Patents 3,666,593, 5,008,359, 5,140,086,
5,143,768, and 5,204,176) or at room temperature (see, e.g., U.S. Patents
4,617,223 and 5,332,458). While it is possible to allow the polymeric MDI
25 1o cure under ambient conditions, residual isocyanate groups remain on
the treated products for weeks or even months in some instances. It is
also known to utilize toluylene diisocyanate for such purposes.
Isocyanate prepolymers are among the preferred isocyanate
materials which have been used in binder compositions to solve various
30  processing problems, particularly adhesion to press platens and high



Pat ent 4, 609, 513 al so di scl oses a process in which an isocyanate term nated
prepol ymer binder is used'to inprove product release. A binder 5
conposition in which a particular type of isocyanate prepolyner is used to

I mprove adhe at roomtenperature is disclosed in
5,179, 143. Awrraj(a}ggﬁ%rocesm ng difficulty encountered wthur‘ésgcggghg%;z

binders is the rapid reaction of thegisocyanate with water present in the
10 1i gnocel lulosic material and any water present in the binder conposition

itself. hﬁ‘gt Léﬁslr I mﬁOr@Bt rBr%xchpé Gidcloded %oE?aﬂ(éﬁg onl'y

| i gnocel I uI osiC aV| nY ow nol sture conten , a nmoi sture
content of fﬁeumnamﬁnresolyme@wuch Bﬂgrovéprqdubmmmeémemimlé& is

general |y achherelebl 14400 dics sl LULOS f il ARESHI A0 T oduce the 15

noi st ure cont expensi ve as a significant

ef fect upon 1tehamatmkm&pmymen‘ bmuer nplueeemsu'nmhm prioduetireleiaaé sA bimdeng | ow
noi sture contents.is .al ods eosbec el s.made, fromthe
dried cor%os?qrgp‘?’ﬁétfoé'rm '@e%ﬁa'?‘élﬂ W‘BF@"[# 'ﬁfap%l'ﬁ USRS used in
hurmi d envi rqmpeméadl%@wén@émrroamémpefatm i eselbyed i U !9 Paedrmt ure and
| socyanat e rga% ivity problemis disclosed in U S Patent 4,546,039. In
this disclosed %'r Séess | i gnocel | ul ose-contai ning raw materl als having a

noi sture content Omajh prr&e%Qinaffﬁcm@%tn@dumeféa vﬁth&@Mnﬁf@Bm@éﬁ%Qﬁ on a
di phenyl net hane diisocyanate m xturé. This prepo has a free isocyanate

group 25 contefapigiresgienof e ‘§QFYéBBﬁ§tW'§BWBt% Bgﬁ%?lgﬁhe and a viscosity of
from 12016 0 HRRORRRSnalerPlva T} waldk SRLHTRné BrBEFBIRBHbh ot 110 (1

about 0.05 to about O r ox equl val ents o aving a
functi onal i t sedf Qn%mﬁmoﬂdorsn@mzmgmlséwﬁmdw i lgﬁetoniy from about 62 to

(2 Tromo tigRssflodomafilistiiiy s Bl RoRrk cRAENFRE, B Rt c o @ ™
pol yi socyanatantemtcf fion atipoiti8 to abi@itdis 35885 lowimbisture cabient is10D% by wei ght
Tl o bR TSRS SRR A s pRThg Sor Lo 20
U S. Pattnt mpoiire thBtedt. SSliahsdrging isteiohedef, expemsige arsshama nol di ng
significant effect upon the economics of the process. Use of materials
having low moisture contents is also disadvantageous because panels
made from the dried composite material tend to absorb moisture and swell
when used in humid environments.
20 Another approach to resolving the moisture and isocyanate
reactivity problem is disclosed in U.S. Patent 4,546,039. In this disclosed
process, lignocellulose-containing raw materials having a moisture content
of up to 20% are coated with a prepolymer based on a diphenylmethane
diisocyanate mixture. This prepolymer has a free isocyanate group
25 content of about 15 to about 33.6% by weight and a viscosity of from 120
to 1000 mPas at 25°C. This prepolymer is prepared by reacting (1) about
0.05 to about 0.5 hydroxyl equivalents of a polyol having a functionality of
from 2 to 8 and a molecular weight of from about 62 to about 2000 with (2)
one equivalent of a polyisocyanate mixture containing (a) from 0 to about

30 50% by weight of polyphenyl polymethylene polyisocyanate and (b) about



5 articles fromlignocellulosic materials having noisture contents of at
| east 15% generally from15 to 40% In this disclosed nethod, a catal yst
is applied to the lignocellulosic material. A water resistant binder is

then appliedyfpeohbigs! i gnocel lulose with catalyst and the cpafpsoopsieeri al s
are then conpression shaped at a tenperature of |less than 400F to formthe

10 desired conposite article. The cagalyst is a tertiary am ne, an
organonetal lic catalyst or a m xture thereof. The binder may be a

hydr ophobi ¢ 5@ eeatiRt 60U Walshiasime mixifte P LigRBRYiMettiapaeny! et hane
dii socyanates) m and p-phenylene diisocyanates, chlorophenyl ene

di i socyanat egijsocygnaéeeondainifgchPa58s by welahnk ab2 d-ispret 9ath 264 90%r i phenyl 15

nmet hane trii gl nyl ether-2,4,4" -triisocyanate and pol yphenol
pol yi socyana?’gg’gwﬁ%ﬁggt'g(wgf is included to ensure that the isocyanate/

wat er reaction i 9J.BoPatenb5802743 sisslosas agnetand farrcompressiq eokiingy ti ne
necessarysto i jani fi Y ¢l bereased.
Pressi ng E-(’)f ‘\"'/\@F @?W@%&%ﬁcgﬂl%ﬁ%dgg{egﬂéﬁﬁﬁ @o@%’%{,ﬂr%h%&%yrs ac]flagf%ag rand 20
| unber usi ng18%egendraljyefainm db t@A@%a lo dhis disciosedimethatt)arcatalydt ims a urea

formal dehyde_resin qr a I [l i.phenyl net i.lsocyanate (MDl) is
known. Exarrp? |e8fto c'wnﬁﬁ%m&&r'ﬁégﬁ”ﬁg %%’8&%@%@23&3" rs'% ded in U S

Pat Iegts 4, GSéppﬁ&E;to ﬁxea@aoaél&%osé,vaﬁfbawalh%tmudhéc5éiédhfﬂeiteriafbeaﬁ pr2 gcg_ssgs _
yield a prodyct having, sati sfactor ical, properties. if t i nder is
Corpl et el y clPEa TP REBPL RS SraperBiiat ot FRTADEF & tatlfee. be
determ negl byedheatcoHipobitSattieie! IThe catalyst il estidhisptindaye been permitted to
cure for varying anmounts of tinme under the Erocess conditions. The cure

tinme to be udwanemetalig cetrlyshpbamixtiuemthgrastedhe bindgemayieed on the basis of

the 30 sanpl hpe A s I I i : of time. The
Wo 001 acone BGREbIREABR Gl ﬁ%ﬁg&iﬁ%‘?mﬁ fic SR AfRtEneO] LT y

appar ent . Vadliisapyanaies guandipsphiraviansydiigogyanates. ehietophenylens t her, any
variation i nginRed 59 f5ibddedisosydnaits, Rludie ﬁbaﬁﬁﬁﬁ%nﬂﬂ the wood

particles, etc. or processing conditions whic ect’the rate of
bi nder cide methanettrisetyanatent dipbenyiatberdaf A-trispcyanath @andipolypheraicr i bed

met hod. Bi ndj ng: it i j S] e ; ' yanat es
dori ved fronfarisiERaRs; IHSTaRANIS RhOGalchthantd FRFRIE B0 aRMA 2"
sol uti on wi t Wwateatesctionfohdtisoweddo essh ho exentihat thegoressinglimeéi ng conposi ti ons

I's discl Osednéc%sgaé'to B‘%o%% ﬂ?e' x%g%’eé%kdu-@ %sssiérﬁﬁc%rnﬁg?necr&;s%g.

Pressing of wafer board, oriented strand board, and paralle! strand

20 lumber using steam injection and a conventional binder such as a urea-
formaldehyde resin or a polymeric diphenyimethane diisocyanate (MDV) is
known. Examples of such known pressing processes are disclosed in
U.S. Patents 4,684,489; 4,393,019; 4,850,849; and 4,517,147. These
processes yield a product having satisfactory physical properties if the

25  binder is completely cured.

The completeness of binder cure may, of course, be determined by
destructive testing of samples which have been permitted to cure for
varying amounts of time under the process conditions. The cure time to
be used during the production process is determined on the basis of the

30 sample which had completely cured in the least amount of time. The



10 describes a process for preparing a conposite material from conm nuted
particles or veneers of a lignocellul ose material conprising coating the
particles or veneers with these binding conpositions. A process for

produci ng cogpression mol ded articles of lignocellulose typeri@bhgékal s by
.use of an organiC pol yi socyanate 15 conmpound as a binder is disclosed by

U S. Patent 5,744,079. The binders cgoprise (A) an organic polyisocyanate
such as, for exanple, MD or PMDI) (B) an aqueous emnul sion of a wax having

a mel ting pokighdvanfides f tHioMetitd 4re réa”tﬁgapf@enﬁnvarua%iﬁro@ufawhate ester
derivative, and (D) ot}?‘tlonally, water. 20 It has been known that organic
g

pol yi socyanatestioyed irsthedestingx Farthen @ny yadatioprin wosgaomnresitigRd wor kability as
t he adhesi ve i i soparticle boards
et c{/f rﬁﬁdggrﬁﬁggfs?o?\sdme%dce éé,(‘eltfﬁné ?(\’)lﬁ;ée%lsﬁlﬁ?p

and nmedi um qual it ards pro roma ose type
mat eri al suctonaitions achicthwodd affectdhé rage of bindadcura@ranot takes indx hi bi t

excel | entg phgﬁsgl 'g%%omﬁé L@o?/eroze%chpélf%%m&dt he excel |l ent adhesi veness of

the organic p anate resins causes Sadvant age that the conpression
nol ded articl e adieding compositiorisocdny@istgnirae textegnded palyiscoeydrates of t he

heating plate in ontinuouy r.batch thernp- ressipn process. To sol ve
the di sadvandslly8d T £ semeiialer pLa Polibecy ety 8 REEiER S Mg “orate, it is

requi red t hasolatiorelvitrtawatey, argithe pracess &ripreperingl thie bjdinged WO 001 35985

PCT/ US99/ 29797 -6.0ontq the heatin |l ate _surface_to forma rel easing |ayer.
Japanese Pat%qu‘?ﬁmﬂ'\sd%g'isﬁ'ﬂs?\%.n Lé-gzg)_ggf?éﬂggl‘@geﬁ"ﬁr 58 A5 f er ent from

the ext efmal dériBas apdock@s fdér prépating d CorMpusitt ratBHAtfroNe cOmmvuteéd gani c

pol yi socyanate and a mneral wax i s sprayed onto the Ié(lg%nocel | ul ose type

material pri@AMticlgs o yepaarpota igassiviese metesahepmprignmeaingdbent | ai d open
appl i cation %hiclés &P e bl ivith LRI DirRinG EdHRBogiorisher mo- conpr essi on ol di ng
of a lignocellulose type material by addition of a neutral ortho-phosphate
ester as a conpatA Bracess fag psasiiging compressionnmaldedantinies psocyanat e. The | arge

scal e i ndustﬁé@ﬁe%qggé WeReris &ﬁgp@a{ 5’?0'-'55%[@’@%9?%! ch are bonded

excl usively cyanat es have previous ee Imted. The use of
some of 1he pohpowskcsaabinder issiigclasedbyrl.§. Patenbeirdd07peThe bindars

cost BocausSTHPML R B SHIRIC K FRBe e RN, B BEmBRERIDIE 20 SXpensi ve
i socyanat es PMD&@(}B() ahagueous amgis@namfraarvaxlhaﬁr_)g onmeltig ;_aqdpfrraagihgt o the use of
v o LB A BT A R A R b T Socyanate
for bondi ng eptiordlly, water.
20 It has been known that organic polyisocyanate resins have
excelient adhesion properties and workability as the adhesive for thermo-
compression molded articles such as particle boards and medium-quality
fiber boards produced from a lignocellulose type material such as wood
chips, wood fibers, and the articles exhibit excellient physical properties.
25 However, the excellent adhesiveness of the organic polyisocyanate resins
causes disadvantage that the compression molded article adheres firmly
to the contacting metal surface of the heating plate in a continuous or
batch thermo-compression process.
To solve the disadvantages of the undesired adhesion to the
30 heating plate, it is required that a releasing agent is preliminarily sprayed



| i gnocel lul osic materials. Suitable binder fornmulations are based on the
reactive mxture of an isocyanate and a carbohydrate material. These are 20
both effective and i nexpensive, and elimnate health hazards associ at ed
with the useywefgohgpirel dehyde. Carbohydrate materials incl ugerudsorszexanpl e,
sugars and starches, in the presence or absence of other active materials.
These carbohydrates are m xed with agl-i quid diisocyanate and applied to the
wood, which is then pressed to forma conposite product. 25 Binder

conposi ti Onsoﬁt@rfﬁé 'héhﬂiq ﬂb@rzﬂlrfaée fERMS r@wésmglwye&omﬁaéeepaﬁrne known and
described in Patents 3, 293, 480, , 602, 069,

4, 683, 252, 5"89'1081'90 N0531?d§2bd@claﬁas 3”@%0@@@‘?%&80\?@88%@3@%0 and WO

891 07626. Thgge, tG ovaﬂé]{lgnqﬂgéjd,fsaq,l lyR@kshateli t abl e for
foundry cores ans?@g@n 9Fg?\/\o OC')/ 35985 7 PCT/ U 99/ ?63'% gé}‘ materials are

typically appnd édmnﬁraéwamwws@dsmtqml@ﬁeelmswy%matesﬁ! Briefita t he
presence of gas n@ﬁ‘%&‘t’on"rﬂ@l@fm@ JapanesE BafdHt iald BE poﬁ@lcg{.&pheses di al kyl

pht hal at e ester so systens - for phenolic resi 'yl socyanat e bi nder
syst ens. The%@ﬁ@ﬁ@-ﬂdtsctaseseamﬁhcad@‘tbereicecqnplgessenmdldlngefaer resins,

mpr ovi ng. ¢ niStielHER BPe R of B4 Tbn SERRBRLD G Re P"f’?q%f?ate?idcife
product s. PhemaIdompaﬁbiizingtaderﬂoﬂh;eivmxcamirtae@obmsmdganaiqstems containing a

phosphorus conpongnt, are_ s fort tents 4 GO@JO 9 and 10
4,683, 252. The bi NHeRIH ’PF\‘%R@ "8?"”[?%”'3 E*@BTF’@%'@? Pe§I®% a phosphorus
based aci@l swhalthase bbodedemmively VIl pqﬂtmsewmates havg popliasshhiceare ,

orthophospho ro phor i hos hor i d hosphor ous)
hydr ophospho 'Bﬁﬁd p% d‘%e ﬁ8@6ﬁ’g? aB?tggnp%fﬂinyc&‘ag%epghtl ve of these
conpounds, aﬁdmmm@rsabyanat@nswdsmymdmyrbae@n@&mnﬂeb@saxeehl S. Patent

4,683, 252 desc s bi nder conpri si a phenolic resin, i socyanat e
and an organ ‘gg}ﬁwﬁr@ﬁé Beggyss %féggﬁ?ﬁi cpRstAints. thedevs! QE‘I’% d by both of

these patent fedg eigeﬁﬁ&& @o@*&ﬂ@@bh&ké;ﬂ%ﬂ%ratb.&en fraieral. OnegP01, 190 and PCT
application WD 88/ 03090 di sclose 20 a process for filling a space within a

st ruct ur €5 wi apPraaghfaiiedisnLhevels b asedsqoyangtes pae dwalved 6haiat er . Sui t abl e
poI yur et hanee%ﬁ@iﬂé'tﬁ@%fa Bészg‘é:)(pé}gwer&t& rse aggregate to the space
be !i |

in the structure t addi ng a pol yurethane binder to the
aggregat e, wher ei {-S. Ratast 4Pt Pres g cqmaoqmw@r bendirg selidconponent

?f’l”gf” ;sbglﬁly?g%@%h‘goéénﬁ?&% IStith B8 IbhaP forAufXBhOBRAM e HeNt system and

reactive mixture of an isocyanate and a carbohydrate material. These are

20 both effective and inexpensive, and eliminate health hazards associated
with the use of formaldehyde. Carbohydrate materials include, for
example, sugars and starches, in the presence or absence of other active
materials. These carbohydrates are mixed with a liquid diisocyanate and
applied to the wood, which is then pressed to form a composite product.

25 Binder compositions comprising phenolic resins and
polyisocyanates are known and described in, for example, U.S. Patents
3,905,934, 4,293,480, 4,602,069, 4,683,252, 5,001,190, 5,101,001 and
5,733,952, and WO 88/03090 and WO 89/07626. These binder
compositions are disclosed as being suitable for foundry cores and molds.



conponent conprising an aromati c pol yi socyanate and a hydrophobi ¢ sol vent,
and (iii) a urethane pronoting catal yst. Foundry binders based on phenolic
resol e resins and pol yi socyanates are described in U S. Patent 5,101, 001
and 5, 733, 95%)o a3 %gd PCT application WO 89107626. The conpeghihdassof U.S.
Pat ent WO 00l 355 PCT/ US99129297 _8 5,733,952 al so conprise an epoxy
resin and, preferably, paraffinic oLl.. Polynerized linseed oil is utilized
in the binders of WP 89/07626. |socyanates are known to be suitable
conponents f i ; j i i . me processes
far this tr eg{%ﬂf&iﬁﬂ&@g@é@%ﬁf}eé Wg@%ﬂﬁ%&?éﬁfg@k%&\%ﬁt s 5,179, 143
and 5, 674, 568fterminghe ipresence of gagesus amirrEavapess.conpri se pol yi socyanat es,
conmpounds contai ni +d i en atonms and
al kyl ene car bonatr%'sré%'J P%Leenlt g@éﬁé@%&%%ﬁ&“@%ﬁ%%@??éag%duct s of U S.
5, 674, 568 cosyatérse far phehglivaebintpohdsqoybydtebinddr sgstemandihe)phenalicer, and an

organic 19 c und i r ti it f 1 2 to 8 and a
nol ecul argwe egﬁ}% %? pE%%I{ﬁ'Bﬂ%t% %1%8'86%" %ﬁ@%blgﬁﬁgingé‘fé’&i@g&éﬂ%m t he group
consi sti nghoﬂ'h&?d lﬁnd@‘(rjcmmpofsltie&s pd Mdb?@aaimm’owhg ,the)olltigxaitdﬂhmnslﬂml yol s and
m xtures thereof .. Binders copprisin ol yi socyanat es and phenolic resins
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Foundry binders based on phenolic resole resins and

polyisocyanates are described in U.S. Patent 5,101,001 and 5,733,952,
30 and PCT application WO 89/07626. The compositions of U.S. Patent



20 step A) consist essentially of: (1 ) a polynethylene

pol y( phenyl i socyanate) conponent having a functionality of about 2.1 to
about 3.5, an NCO group content of about 25 to 33% and a nonomer content
of from abou{ypifgiess about 90% by wei ght, wherein the contegiussbniee
monomer 25 conprises up to about 5% by weight of the 2,2'-isoner, from
about 1 % to about 20% by wei ght of ige 2,4' -isoner, and from about 25% to
about f5% by weight of the 4,4'-Isoner, based on the entire wei ght of the

pol yi socyanat®73305P 8o cdmpfss gh lesofsore@imdr pﬁeférably, ¥E}GHi3SIP 85
PCT/ US99129297 - 10 1n accor dance, Wit I nvention, wood particles
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by vei ght, oSt PRELes LY it by 8Be BB YolponEhSor tatige bl nder

conposi tions, base total weight o he 'wood conposi The 5 wei ght
ratio of commeHelesicAperand weodpraducisoSemaeroassses fos thisipamantarg (1 ) the
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not flow as tbmsdetsmbUzﬁ: 5dﬁe951430¢ombrsscﬂomsdcyamates rmh;poslodqanat e. Also) they
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havi ng & vi scSBkpTapoy e iSh 2 S GSRRsted ot B BroUpRenSRHES
pol yi socyanat&estr grdlp-Peepéiydrit \efidvhbeNpdhpatReolyols and mixtures
thereof.
Binders comprising polyisocyanates and phenolic resins are known
15 and described as being suitable for preparing wood composite products by
U.S. Patents 4,209,433, 4,961,795, and 5,217,665. Suitable phenolic
resins disclosed by these references are resole resins. U.S. 4,209,433
requires that the polyisocyanate be added to the wood particles prior to
the application of the phenolic resin, thereby producing enhanced
20 adhesive characteristics. The binder compositions of U.S. Patent
4,961,795 may be cured with a curing agent comprising an ester, a
lactone or an organic carbonate, which may be moderated by an aliphatic
mono- or polyhydric alcohol.
A method of producing waferboard is described by U.S. 5,217,665.
25  This method comprises applying first a liquid phenol formaldehyde resin to
the surface of the wafers, then a powdered phenol formaldehyde resin.
This is followed by forming layup and pressing at elevated temperature
and pressure using steam pressing technigues to consolidate the layup

into a board and to set the phenolic resin adhesive.



functionality of fromabout 2.1 to about 3.5, preferably 2.3 to 3.0 and
nost preferably of 2.6 to 2.8, and an NCO group content of about 30%to
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i soner, and from about 25 to about 65% by wei ght of the 4,4'-isoner, based

on the entire \Aeilgb]tcth@burbgee bfmomdnv%ﬁenp@hwkaoo ra'bmixwladheﬁit/gfodr offthegle f
I socyanates v es frqom aboyt '1 0, ahout . 70% wei ght preferably from
about 30% t owg%%mmmbeava mﬁet‘\attﬂﬁz @ﬁ@ﬁéw% 890297 -11 It is
preferred thadlyisdaRaleYAndiOsheAbRd RSindSPRestScompaitpBido(nbt bohtairt he present

i nventi on have an average functionality of about 2.3 to about 3.0, nost
pref erabl y oroapiggolvents and depnirequits Caé@MStﬁthﬁ‘HGnEFe E¥ii%ent of pr ef erably
40 to 80% nf@ﬁ{pepeftﬁiféra@@'%&ﬁhﬁﬂhﬁ?ofﬂﬂe@ah&n%‘%ﬁe T]/_Bféaﬁ}p'hb%]*ac

mononeric MDI preferably conprises less than 1 %b glht of

2,2' -i soner fgeiNgEe cu@g@waddmgav/@wpwcbwhlct’ogenwete@f@rmaggme of I\/DI and
from about based on
ho entire \,\3@.‘% ﬁouﬂ@t?éfﬁ%n@cbof‘ﬂf@’pl’@@éﬂhﬁve‘?lftloﬁ Snt%m“no t??ﬁﬁrdvehgé e. Mk

€ pol yi socyanat e erre ocyanat es have
vi scosities watemesusiamm@sommesmbemfrtw thet 9“9603}’!&n©h0es have 10

Vi scosities have

Vi scosities %{)nig&tsg 868'%(9 @%%tg?’ipgpgéfg’hﬁﬂﬁ&n%t'ﬁyl e%g@ﬁ\ﬁfgs

pol y( phettyl i smtthertandgnchlofthe dukesives tstickdo e pintent id resinc@d.2 to 2. 4, an NCO

group content of from aboué@@k&ﬁw wei ght, and a nononer

content of from about 55% t he content of nononer

conpri ses no nor érﬁmﬁnlvemwﬁela%tb)e pretedy fonthetgreddstidh-df s@aer , from about

15% t o about 20% b t of th 4' -isoner and 0% t o about

5056 by wei gHESTHRONEANSIeTAls cCRETO A) Comb RGeSt et PES XERGHINGST ¢ he bl and.

Zgl S lool yi sommﬁbrbbﬁ@@)ﬁwmﬁg BESorhpreBsiAd e cotbih@tichsfuootb % by wei ght  of
pol yneric

f d | ud f |
pol ymet hid en%a"B@JP§PBE&H@LF%@%&%\%’JP%?@H@n&ggiiﬁlﬂ‘%fﬁ?%&%é?rag; 1? )ljﬁ(r:r}[) [ gnal ity
of 1 om abouinogy bicaRpitous BprBEEkey ot SBOM200 8 foRoRgLL 2.8, an NCD

group content of about and a nononer 25 content of

from about 4@"@“6@37@0/3@@/@@0@%) fOK/\i!mUéﬁrtOt"ﬂépl@&fﬁE'MH tof8)mineas At conpri ses no
nore than ab opl fah 2 to about 10%
by wei ght of%me}atd?%@f\é\@ﬁg%alﬁaz?gﬁz%% C(ﬁ%&%glygggﬁ?éggtg by wei ght of
the 4,4'-i soﬁ‘eliab|¢)b§|§dr compdsitionstte be cambigied vith theevaaderatticlemins i socyanat e
bl end co about 60% 30 by wei ght of polyneric M.

WO 00/ 35985 %%?/’U@@%gg%% @¥%gw t abl e pol yi socyanates for conponent (1)
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pol yi socyanat e bl d i ncluding) for
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5,319, 053, 5, 319, ddpuit 26tb 533%, Ma@tﬁlﬁmmdmodieatbﬁwnesoaﬁsmbit@h are herein

i ncorporated by refer and ca bOdI m de as described in, for
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‘novol ac” resins Rbolhes%bySMlight of @fd £3"-8bmér, Yadee oh @5 Bitirand their nore
hi ghly polynerized derivatives, the "resitole” or B-stage resins. Novolac
resins are pernan‘ﬁﬂ'QFE/O@B?QB'V@OCX%“@F%I e resins in which the polyner chains
have phenolic endggy oups. They react to formcrude to insoluble, infusible
15 products upon the addition of a source of fornal dehyde, such as

hexaret hyP enédlet r agalichrovptagrasiaf orm Novol ac resins have an excess of
phenol. Resole and resitole resins are prepared generally using an al kaline
catal yst with excess formal dehyde and result in polyners having pendant

met hyl ol groups. In the resitole stage, the resins are 20 characterized by
hi gh viscosity. Since each nethylol group constitutes a potenti al
cross-linking site, the resole and resitole resins are readily converted to
the cross-finked, infusible polyners by heating. Conversely, these resins
are highly unstable. Suitable solid novolac resins to be used as conponent
(2) in the 25 present invention include) for exanple, the phenolic resins
in which the phenolic nuclei are joined by nethylene bridges |ocated at the
ortho- and para-positions relative to the phenolic hydroxyl group. It is

general ly accepted that conventional acidic catalysts produce resins with a
predom nance of 4 4' - and 4 2 -I | nkages although sone 2 2 -I | nkages ar e 30
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WD 00/ 35985 -13 PCT/ US99/ 29297 where fast curing results are required as a
result of the 4,4'- and 4,2' |inkages. Recently, novolac resins ’
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When the binders are combined in this ratio, they typically do not
flow as the novolac does not dissolve in the polyisocyanate. Also, they are
not free flowing powders. Rather, these binders have the consistency of
brown sugar.

DETAILED DESCRIPTION OF THE INVENTION
Polymeric MDI as used herein, refers to the three-ring and/or higher

ring products derived by the phosgenation of aniline-formaldehyde
condensation products.

Suitable polyisocyanates to be used as component 1) of the
compositions in the present invention include (a) those polymethylene
poly(phenylisocyanate) blends having an NCO group content of about
25% to 33% by weight, and having a viscosity of less than about 2,000
cps at 25°C. The polyisocyanates of the present invention have a
functionality of from about 2.1 to about 3.5, preferably 2.3 to 3.0 and most
preferably of 2.6 to 2.8, and an NCO group content of about 30% to about
33%, preferably about 30.5% to about 32.5%, and a monomer content of
from about 30% to about 90% by weight, preferably from about 40% to
about 70%, wherein the content of monomer comprises up to about 5% by
weight of the 2,2-isomer, from about 1 to about 20% by weight of the 2,4'-
isomer, and from about 25 to about 65% by weight of the 4,4'-isomer,
based on the entire weight of the blend. The polymeric MDI content of
these isocyanates varies from about 10 to about 70% by weight,
preferably from about 30% to about 60% by weight.

wherein: 10
t he
onsti tuent



R R 25 and WD 00/35985 X -15 HOOCH2 OOH R R 5 wherein: each R 10 15
20 25 PCT/ US99/ 29297 i ndependently represents a hydrogen atomor a phenolic
substituent neta to the phenolic hydroxyl group; wherein: R represents a

hydr ogen atngg';ncfgssphenol ic substituent nmeta to the phenolpcer gHoobdder X
represents an end group fromthe group consisting of hydrogen and net hyl ol ,
‘wherein the nolar ratio of nethyl ol. 9. hydrogen end groups is |less than
1:1; and mand n: are each independently selected froma nunber between 0

and 20. The phenqkjsa{%ﬁﬁlaggétitﬁwaolgﬁso&ma{gs Atasidd pirerg?:fn wel | as ot her

30 hi ghly val uabl e phenol condensati'on products ar pared by a process
and (c) hi ghthe present inventiorehaye arcavatage fitncionglibefiatiout 813 toaibouti xt ur e

raving e, 990k LAt ap PP 93 2 Br STARIRUR At
preferably 40 to 80%, most preferably of 40 to 70% by weight. The content
5 of monomeric MDI preferably comprises less than 1% by weight of the
2,2'-isomer of MDI, less than 5% by weight of the 2,4’-isomer of MDI and
from about 30 to about 60% by weight of the 4,4'-isomer of MDI, based on
the entire weight of the polyisocyanate. Preferred polyisocyanates have
viscosities of 10 to 1000 cps, more preferred polyisocyanates have
10  viscaosities of 40 to 400, and most preferred polyisocyanates have
viscosities of 100 to 300 cps.

A preferred polymethylene poly(phenylisocyanate) blend has a
functionality of from 2.2 to 2.4, an NCO group content of from about 31.2
to about 32.8% by weight, and a monomer content of from about 55% to

15  about 80%, wherein the content of monomer comprises no more than
about 3% by weight of the 2,2'-isomer, from about 15% to about 20% by
weight of the 2,4'-isomer and from about 40% to about 55% by weight of
the 4,4'-isomer, based on the entire weight of the blend. This polyiso-
cyanate blend comprises from about 20 to about 45% by weight of

20 polymeric MDI.

Most preferred polyisocyanates include, for example,
polymethylene poly(phenylisocyanate) blends having an average
functionality of from about 2.5 to about 3.0, preferably about 2.6 to about
2.8, an NCO group content of about 30 to 32% by weight, and a monomer

25 content of from about 40 to 50% by weight, wherein the content of
monomer comprises no more than about 1% by weight of the 2,2'-isomer,
from about 2 to about 10% by weight of the 2,4'-isomer and from about 35
to about 45% by weight of the 4,4'-isomer, based on the entire weight of
the blend. This isocyanate blend comprises from about 50 to about 60%

30 by weight of polymeric MDI.



wi th an al dehyde under substantially anhydrous conditions in the liquid
phase in the presence of a netal ion as the catalyst, the preferred netal
ion being a divalent nmetal ion such as zinc, cadm um nmanganese, 5 copper,
tin) magnesi Wy oo ?99 gl t) lead, calciumand barium These sobtfusayedsfc
resins are typi ca Y prepared by the polynmerization reaction of a suitable
phenol group containing conpound wth2an al dehyde, wherein a stoichionetric
excess of the phenol group containing conpound is present. Suitable

phenolic COWDOHGHSEutéH]ébHF}%oé%n@Wbré&]ﬁﬁ&{ent?ﬁdﬂﬁ{é preSeit iivanlibhy any of
the phenols which are not "substituted at either the two ortho-positions or

at one ort ho a§ednelude.jar exaranle.inpixtires of polyispcyaraty blendsas dasedkedyosi ti ons be
unsubsti t ut edphok Mtﬁ%d@?&d@?ﬂbﬁﬁlm Cetxgﬁ‘ﬁlé""aﬁégﬁé?\%tég Wﬂé‘s to occur.
he p

Any one, all, or none of the renal n| at o enol ring can
be substi t ut siéscriied inSFonexample,dd.S: I?etentﬂ:)é.€319@§at5 83%064endwi del y, and it is
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ai koxy- subst itheitiiscopires of whlcaraye bm}elrsmbrsrpbta%daﬁy mielreubs and
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sui tabl e 1pher¢©h@>oun@ WitA&in afldlihyéé3é1‘§|g%nelr%hf2ﬂWidedZnt@M'o%tU@Johe@-tﬁé esol,
mcresol, p-g¢res | enol , 3, 4-tri nmet hyl phenol

- X
3-et hyl phenoPOV f‘iﬁ"@a‘ft%ﬁ‘ﬁhﬁele resi rﬁ-Sﬁgﬁ@ﬁﬁms Sn%thﬁ"ﬁ'ﬂ‘?@ phenol ,

p- anyl phenolmqmysm gmeRLederRBRRQ) thep‘résiﬁbbé*’opb e Rshsdievabohexyl phenol ,
p- phenyl pheno crotyl pheno 5-di net hoxy phenol, 3,4, 5- trlnethoxy

phenol , p-et H@%S)s ﬁ'f?e‘?ﬂﬂ“a"BU Lﬁoﬂﬁgle HH%WSI"GS'BWWPU m%m'waﬂycm and

p- phenoxy ph%@éph&% é?.h\elazeu& crﬁa ReacBid féﬁﬁQ;FddéecG .ﬁ%u&m@ .ﬁmm& a: WD
04/ 38985 -17 5 erein: CT US99179297 A, B, C. each
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phenol i ¢ conpoun ounds contalning a secon enol i ¢ group
such as, for pbeaolpResole andésilole resins are prepared generally using an

alkaline catalyst with excess formaldehyde and result in polymers having
pendant methylol groups. In the resitole stage, the resins are
20 characterized by high viscosity. Since each methylol group constitutes a
potential cross-linking site, the resole and resitole resins are readily
converted to the cross-linked, infusible polymers by heating. Conversely,
these resins are highly unstable.
Suitable solid novolac resins to be used as component (2) in the
25 present invention include, for example, the phenolic resins in which the
phenolic nuclei are joined by methylene bridges located at the ortho- and
para-positions relative to the phenolic hydroxyl group. It is generally
accepted that conventional acidic catalysts produce resins with a
predominance of 4,4'- and 4,2'-linkages, although some 2,2'-linkages are
30  also formed. Acid catalyzed resins have not been found fully acceptable



resorci nol and hydroqui none. 15 The al dehydes reacted with the phenol can
nclude any of the al dehydes theretofore enployed in the formation of
phenolic resins such as) for exanple, formal dehyde, acetal dehyde,

propi onal deRyglgossbgdr t ur al dehyde, and benzal dehyde. | n genegicglused/1de97

.al dehydes enpl oyed have the formula: R CHO wherein R is a hydrogen or a
hydr ocarbon 20 radical of 1 to 8 cathon atons. Fornal dehyde is the nost
preferred al dehyde. The novol ac resins of the present invention are

typically pnpead Rt Oitingeasiiisiile fedilired @i LRBLUR bEth g asandl, 2-he phenol group
cont ai ni ng conmpound with a suitable al dehyde, thereby formng a solid

novol ac resfiRkages. RaegntyopeuolacTesipshaye esrpopaied wiich sentaiepar ati on of the

novol ac r eSipi i Ao @md I j f Chem cal
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princi pl g .b@ioHi%eﬂolkﬁeﬁ?étl@nf‘ﬁhéééeo?ﬁmo%gﬁﬁ%H%E%?'ah{:%'?éduc&?oéée of 30
catal ysts is not; owever, necessary to the present I nvention. Suitable
WO 001 35985 linkegl phrodlic)8stisxg haproved alechasicélqropértiss.pihepatiealiyacl ude) f or

le, ti i t i Ll.at . . i t oat e;
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N- met hy Honohebgdsangeto mevent Gelation efthelrgsins dafing pelgeetiaidni n " Kunst of f
Handbuch", Vol u ubl i shed @’é{ Becker and Braun, Carl Hanser Verl ag)

VI . :
Muni ch) 1983 onngél%eg erlic ragips o5 ihe prepentipyenyepgompesitiensgne i n a

quantity of (é‘)@h‘ﬁxt@‘eQﬂHirﬁéth}l@%d?h’polnﬁd%b@ﬁ%; thdfoRhakagbl y about 0.p02 to 0.1
% by wei ght, based on the total quantity of reactants. O her optional

addi tives andl or auxiliary agents which nmay be included in the binding
conposi tions of the present inventionQHnclude, for exanple, wax enul sions
for red%%ed wat er absorption, preservatives,

HOCH; CH,0H

20
OH OH

HOCH, CH,—O—CH, CH,OH

25  (ii) R R

and

30



15 surface active additives, e.g., emulsifiers and stabilizers, nold

rel ease agents such as, for exanple, zinc stearate, etc. As stabilizing
agents which reduce swelling and water absorption, there may be nenti oned
sodi um chl ony@egoassgadi um sul fate, paraffin, fatty acids or pidraissmadt s such
as zinc stearate and other simlar materials. At the sane tine) paraffin
and 20 fatty acids and their salts-thy serve as rel ease agents. Use of

ot her active materials nmay shorten pressing and curing time. As indicated
above, the percentages of ingredients in the wood bi nder conpositions
according to the present invention can vary w dely according to needs and
conditions of a particular appliqﬁ?ion. In genepgl , 25 however, quantities
in the follow ng ranges have been] found suitabl ¢, bearing in mnd that the
ot her active materials may conpLikse one or Qf the catal ysts,
stabilizing agents and HECBgase 3 oCHLOHt i on for the
conpositg products, such as p Hes a bl end of novol ac
resins, together with isocyana J Wi t hout stabi lizing
agent, catalyst or rel ease agent™ Y R -19 PCT/ US99/ 29297

bi nder forrmulation for a particular pgoduct will de@end upon wood speci es,
requi renents of phygﬁ al properties of the resultant product, and pressing
conditions) For exanple, a fornulation range for Douglas fir conmmrercial
furni sh reqw’hre%mnts for interior particle board pressed at a press platten
5 tenperature of 350F for 4.4 minutes press tine, to give a high quality
comer cil@l product isRas fepresemds a Gydpges rtaPoe b ehepaicsubgtiNenbl ac

Resi n50- 70%°MDI 5- 35%st abi | | e/EZQ‘é\?@O XSH éﬁ% Thi s binder for n}?y ation may be
used in an anount of 1 to FE300081 %\ﬁlfc % ’?f%%’é’é'a' b 80?5'8%% tage of the
total wood wei ght, or aboy4)i).b&ndld nimor&odstitoéntRivVble mixaad; on the wood

wei ght. Preferably, the quantity of binder formulation based on the wei ght
of the wood@d about 2 to 10% depending on the configuration of the

parti cul at e (ypodafiBgstidne coRfpoLine BBIéspoRtiinghe t fofvalas. Al so, if a small
anount gé i socyanate is used in the binder fornulation (e.g., about 10 to

20% bas on the total binder 15 fo ation, providing a relatively dry
powder), then relatively er
HO CH,
® R R
20
OH OH
CHjy
R R
25 @)

and



proportions of binder fornulation will be used (e.g., 8 to 10% bi nder
formulation, or 1 to 2% isocyanate based on the wood weight). On the other
hand, when relatively small quantities of binder formulation are used
(e.g.) 2 to‘ggtg(pjsgger formul ation) then the quantity of i SQeuaRMgEe7 N the
20 powdery binder shoul d be somewhat greater (e.g.) 25 to 35% to provide
sufficient bonding, this provides aqgini num percentage of isocyanate based
on the quantity of wood of about 0.5 to 2% In general, using a preferred
powdery binder fornulation, the maxi num amount of isocyanate present wl|
be about 20% based on the bing or 2% ed on the wood 25 when 10%

bi nder is used. WO 0Q/ 3594 -Zofﬁlthough much | ess
preferred, it is also der formul ati ons according
to the present invention usiwp ies of inert, polar,

non- aqueous sol vent such as, gor exanple, pret hyi ene chloride) or

pl asticizers such as, for exanple, butyl 5 benzyl phthal ate or dioctyl

pht hal at®, or sglutions of novolac resins in inert, polar, non-aqueous

sol vents can al be used. Liquid binder formulations can have limted
potlife. Care nmust also be exercised in mnimzing the water content of
these dissol ved WB¥8IMac resins because of the undesirable reaction between

the isocyanate and thacwa:er phiéperidentiyifeptésettosd hbamgenatsmeration. Liquid
bi nder formul ati ons according to the present invention can also be made by

first mixing a relatively |arcgePRerglicisupstipentmetado therhenolicn with a
relativepy small quantity of iwtymgpcﬁ,,p;letting the m xture react to the
poi nt where free isocyanate is 'no l'onger present and then adding inert 15
sol vent or PNdsticizes to forma viscous mass. Thus) such a viscous mass
can be obtaiged j ' ' t | resin in the
rati o of 10(@0 5@%‘%&*%?‘8?&9?@%@%@ Eé&%ﬁ‘d& g%ﬁt%t%og%@?ﬁﬁh% ght of powdered
novol ac, then | ebavingthergenatakfarmalaceact for 5 to 60 nminutes, and finally
adding 30 to 70%._.based on the weight of the m xture, of inert 20 solvent
or plasticizg ‘ @ spreadi ng on
veneer s1bn §Iy o8d manuf act ur e. 5 an be cgntrol | ¢d Ay adj usting

the ratio o @ gﬂéﬁg-ie—%ﬂﬁz - _ ergfﬁ(;r according to

the present i ous conponents
in the proper @nce as 25 notjed| aboveXxAen produci ng B, _preferred
powdery binders, such bl ending preferably inol ves %1gorous égitation for
several m nuttes) such as in a suntable mll, in order to insure thorough
bl endi ng of the isocyanate with the other conponents. It is preferable to
bl end tggether first the isocyanate with the stabilizing agent, catalyst
and rel é4se agentM@i®None or 30 nore of these latter conponents are used)

and then to add the nevol agoresci AARRRR mdih or BGFUAGRIARAALeheSi n. O

course, the bl ending shou be carried out for a tinme sufficient to produce
a honogeneous bl end, and @i PreRheHQEC 8108RdI ng conditions, this will

usual l'y occur after sgver borBbdhts 8f eAll (?Vélﬂ?fr&\’l?chélgfduﬁtdoﬂgistiﬂ_@& powder ed
bi nder formul ations are applied to wood particles in 5 the nmanufacture of

particle board, wafer boamidrogppandiserihylol. wherejn the meleeratiodfng a stream of
wood pamigi cles with a str b tgmd%@qgng%r%qﬁqesg%éwmgi on at the
Ic

desired ratio and using nmechanical “agrtatio I'S I n common usage in
t he manufacture of coangbsite products such

m and n: are each independently selected from a

number between 0 and 20.
The phenolic compositions of the present invention as well as other
30  highly valuable phenolic condensation products are prepared by a process



as particle board. Wen using powldered binders to make particle board or 10
the like, the wood may have a w de range of noisture content, i.e., from
about 0.5 to about 10% by wei ght, based on the total weight of the wood
particles. HQwa4Bdss it is advantageous if the noisture conpentswkhovhe wood
particles, is rel atlvely low) i.e., on the order of about 1 to 6% and after -
initial pressing and prior to final-4genpacting in a hot press) the
pre-fornmed 15 particle board is sprayed with water to increase its noisture

content to Whl&h"céép%es%h@tiﬁ@aét'té’rﬂ‘adratlﬁéé BEE@ hHoRS 330704 Fhér&ﬂ bi nders can
be added separ at el subsequent bl ended together with the wood

particles. TWthan §%P€¥dﬁ wder éHP@é"WMéﬂbﬁdfoﬂﬁ CP’@H@Q“S iR theliguidases, the two
O 20 T eact 38807 rePbsdrbbldBRbN Bh48thé Barklyst BOPRTertalt s AS soon as

t he bi nder according to the invention cones 1nto contact with wood, it
starts reactiPh§eingtadivalentmetal iopskeapsaci eadmismaaanganese. bi nder and

resul tantg pr 0, r d(%l}?f conposite is produced
at a cost coﬁ%gg{ ?P%g?éé% %:0(%? |€?ﬁ %ga&gogtng@ products using

ur ea- f or mal dehyddhees soliddvolacirasing e ’wplcalimarepawlwmef f or mal dehyde

em ssi on. kiod P 5 l p a‘m 2,429 @t hi gher
noi sture co:h é‘ﬁ?ef%%{\ és%@é@ E%%@’%@@’g"ég ‘%&’t" e 'd Pﬁ% iy dryi ng

_nf)lr mal |y reéwntrr alclaud]?hyue ﬁmewea&tcuimo:ﬁbmcfeﬂtbémfrtge gkemllgemp‘ urther
illustrate details for the, proce this.invention. e invention,
whi oh | o setCAGHRIAG CAMPRUTY Brrdees S iebls RIBPLS SO ety B66ss | 2o
PCTNS|99I @%ﬁ?onyspmﬁl tag sl dd Vit ey }o:ﬂﬁfe ;br(rjenl‘@w whith eret ﬁ@tgp;&hb%/ L hese
exanpl es ose,skilled in the arf w r eadi nder s at known
VATt ons | GRESHE ARG TPORE e Clthe PPotip bR eIy TeBRAELNe 28rbe uoad

Unl ess ot her;ms&@nsqt %d')ecéhéar%ﬂ’i”ﬁ?ﬁe%blﬂoﬁﬁioﬁé Be@agummtg@fcﬁlth@ and all parts
and percenta ?s are parts \Aﬁ‘ﬁ%g percenta es g ht ,

respecti vel yg olyrmer 'E’Srqer?é'o’f‘ ith &0¢ #ige %p@r%’ﬁ%p\% eu§ @"MA® he wor ki ng

exanpl es of &hhé rdniaifiRl icarbon! AA6RY ahtHehnoPilg/éaT by bstsitured tHeheny!
|socyanat e) blend having 10 an NCO group content of 31.5%and a viscosity

of about1200n3teg. o th%@#ﬁ?ﬁﬁ@ﬂéﬁwvww'q%Iaé‘df'?'éﬁﬂlydi@ﬁsw[ﬂ%ﬁ*éﬁq on Cascophen
SD- 838A: a NQiglient Kot ifterfSRT RN h¥riAish bitHetali&Rde with the

phenol at the ortho- and/or para-positions, substituted phenols employed
in the formation of the novolac resins include, for example, alkyl-
substituted phenols, aryl-substituted phenols, cyclo-alkyl-substituted

20 phenols, alkenyl-substituted phenols, alkoxy-substituted phenols, aryloxy-
substituted phenols, and halogen-substituted phenols, the foregoing
substituents containing from 1 to 26 and preferably from 1 to 12 carbon
atoms. Specific examples of suitable phenols include, for example,
phenal, 2,6-xylenal, o-cresol, m-cresol, p-cresol, 3,5-xylenol, 3,4-xylenol,

25  2,34-trimethyl phenol, 3-ethyl phenol, 2,5-diethyl phenol, p-butyl phenol,
3,5-dibuty! phenol, p-amyl phenol, p-cyclohexyl phenol, p-octyl phenol 3,5-
dicyclohexyl phenol, p-phenyl phenol, p-crotyl phenol, 3,5-dimethoxy
phenal, 3,4,5-trimethoxy phenol, p-ethoxy phenol, p-butoxy phenol, 3-
methyl-4-methoxy phenol, and p-phenoxy phenol. Such phenols can be

30 described by the formula:



Borden Chem cal, Inc. 15 Varcum 29-615: a Novolac resin, comercially

avail able from Cccidental- Chemcal, Inc. (CAS Registry Nunmber = 40216-08-8)
Stabilizer A sebacic acid 20 The procedure used to prepare the boards
contai ni ng t R} ofreesoPhen and Varcumresins were the same, @inysoglbd26£ri ng in
the amounts of each perspective resin (Novolac or Varcum used in
conjunction with the isocyanate. Thit®-procedure consisted of two parts,
preparation of the binder, and preparation of the board. 25 Procedure for
Preparation of Binder: 200 parts by weight of Isocyanate A were conbi ned
with 100 parts by weight of Stabiliggf Ain a 32-o0z, jar and m xed wel .
Then, 100 parts by weight of the sol{id resin (Novol ac or Varcun) was
ball-ml|led and 30 screened using g/&40 US-nesh sieve. This naterial was
then placed in a WD 00/35985 -2 P S99/ 29297 separate contai ner from
the m xture of Isocyanate A and er A (sebacic acid). The

| socyanatel Stabi lizer m xture wag addedito the dried resin in the anpunts
shown in the Tabl es) and burung Y XKndgt s were added to the 32-0z. jar.
The jar was then rolled on a roller table for 1 to 1'/Z 5 hours. The

contai ner was periodically opened and material clinging to the container
wal | s was scraped off. The binder m x was then sieved once nore through a
#40 US- mesh wtiessin: and pl aced in a catch pan. The catch pan containing the

bi nder was pl aced, i1 a,dessicator far to 4 hour 10 .Procedure for
Preparation of B(fard;&"d%c%ﬁ i'ﬂ@eﬂeb"%?ﬂiv %?RBW%%%BW iR Tabl es,
particl ggoard furnish was r@dj;eggch d?o@rtﬁdrﬁriaﬂlo@lﬁosﬂ%kodamdn (for use in a

Kit chenAi d KSMBO mi xer). ée bi n %lgxturi now sem -dried, was added in 5
to 10 g increnents, and tH& ‘?ﬂ?ﬁfér‘i‘a gnRded by hand |n|t|aIIy to pronote

15 uni form di Spelﬁ@oogu@blé ﬂi&d@ll@d@hpémwds@eﬁwﬁél Sdmpolings st ai nl ess bOW was
transferred to the KitchenAid m xer and m xed at | owest speed for

mi nut es. Th&OPENIRG B FaE ?Qﬁ”ﬁf'%ﬁ'%s““f’h@ﬁ for sxargplencalfchy ght inch by ei ght
i nch form angsqitifordrRsiRfodiindhend. The formwas then placed in a Carver
Press (Mbdel M, _and pressed at 350F for four and one half 20 m nutes. The
resul t ad® boar ds The@idehydesigacted withitbe RAENEG3A ingludsmgnnofihe

aldehydes theretofore employed in the formation of phenolic resins such

as, for example, formaldehyde, acetaldehyde, propionaldehyde,
furfuraldehyde, and benzaldehyde. In general, the aldehydes employed
have the formula: R'CHO wherein R' is 2 hydrogen or a hydrocarbon

20 radical of 1 to 8 carbon atoms. Formaldehyde is the most preferred
aldehyde.

The novolac resins of the present invention are typically prepared
by reacting a stoichiometric excess of the phenol group containing
compound with a suitable aldehyde, thereby forming a solid novolac resin.

25 Additional information relative to the preparation of the novolac resins can
be found in, for example, Encyclopedia of Chemical Technology by Kirk
Othmer, Fourth Edition, Volume 18, pp. 606-609.

Known catalysts for accelerating the isocyanate addition reaction

may in principle be used in forming these binder compositions. The use of
30 catalysts is not, however, necessary to the present invention. Suitable



Thi ckness Swell in accordance with ASTM net hod D1037: Eval uating Properties
of Wbod-Base Fi ber and Particle Panel Materials. The results are set forth -
in Tables 1 through 3 bel ow. 25 WO 00/ 35985 -24 Table 1: PCT/ US99/ 29297
Exam | e12Per ggnbRks €ach resin based on total weight of copaesssbeeboard7: 1
Varcum 29- 6151 Isoc anate A7:1 Varcum 29-6151 |soc anate APercent Wod

*91. 59091. 5%Per cent Sebaci c Aci dO. 5%985%Curi ng Tenperature F350400Avers a
Densit cf56.3253. 09I nternal Bond Strength si 190144 Thi ckness Swell (% _

17.7 [_ _ 1Q:a1a:yé/e¢*r&hhlscbhrp&e%c|@eclrdrcaxaamr@lt.ﬁtdé ulddbechzas Exam

| e34Per cent of each resin based on total weig of comosite board7:1
Cascophen Srlipagiain q"@Htat%ﬁé’t"'éllmctqat@aé%ﬁﬂ\'@ﬁfysmlwhl3§0f9" anat e APer cent

Wod *91. S Yk anifis 'th&AYies ahiine efiRethyRta iy, bpﬁhﬁ@,rmer ature
phenylpropyl pyridine, bis(N,N-dimethylaminosthyl) ether, N,N'-

5 dimethylaminoethyl-N-methyl ethanolamine, N,N-dimethylaminoethyl
morpholine, quinocline, morpholine, N-methyl morpholine, etc. Other
catalysts are described in “Kunstoff Handbuch”, Volume VI, published by
Becker and Braun, Carl Hanser Verlag, Munich, 1983 on pages 92-98.
The catalysts are used, if at all, in a quantity of about 0.001 to 10% by

10  weight, preferably about 0.002 to 0.1% by weight, based on the total
quantity of reactants.

Other optional additives and/or auxiliary agents which may be
included in the binding compositions of the present invention include, for
example, wax emulsions for reduced water absorption, preservatives,

15  surface active additives, e.g., emulsifiers and stabilizers, mold release
agents such as, for example, zinc stearate, etc. As stabilizing agents
which reduce swelling and water absorption, there may be mentioned
sodium chloride, sodium sulfate, paraffin, fatty acids or their salts such as
zinc stearate and other similar materials. At the same time, paraffin and

20 fatty acids and their salts may serve as release agents. Use of other active
materials may shorten pressing and curing time.

As indicated above, the percentages of ingredients in the wood
binder compositions according to the present invention can vary widely
according to needs and conditions of a particular application. In general,

25 however, quantities in the following ranges have been found suitable,
bearing in mind that the other active materials may comprise one or more
of the catalysts, stabilizing agents and release agents.

A preferred formulation for the composite products, such as particle
board, comprises a biend of novolac resins, together with isocyanate

30  (PMDI), with or without stabilizing agent, catalyst or release agent. The



F3504001 Avers a Densit c¢52.8752. 16~ Internal Bond Strength si 213189l

Thi ckness Swel|l 9%17.319.1 14 *Wi ght of wood, excluding noisture WO

00/ 35985 -25 Table 3: PCT/US99129297 Exam | e56Percent of each resin based
on total wei\gggo,%}sscom osite board6: 2 Cascophen SD-838A/ |gagusneder A3: 1
.Cascophen SD- 838 | soc anate APercent Wod *91 9%91. 5%Per cent

Stablizerl. 0%). 5%Curi ng Tenper at urejdg400400Densi ¢52. 4551. 14I nternal Bond
Strength PSI 242179( Thi ckness Swell (9 12.530.2 *Wi ght of wood, excl uding
noi sture 5 ' G [ ' dds?e% in the

f or egoi ng fggpht?ﬁfgﬁgﬂl%gﬁgdﬁ\g%@%m%ﬁ@ (ﬁ?ﬁﬁg L}tagqlg‘yedbun ergeltsbod t hat such
detail is stairgmests aftplysipal Mserastiesef the sesultant proddstsandiprassingade t herein
by those skj N | : [ r LLit and scope of
the. i nvent| Sy aiorsFoRBieRfdie 4 i Paigel DRGSR hioriblagy 7715555
PCTNS99/ 292 8inisk gequtaments ot intevieDphagicielboatd prassed at & pressimateroduct i on of

wood conposjt | o b s1:04q. Il articles wwth 1 to
25% by v i PYRLE b E T 4 Blidlles leske: & Bile 8358 BGMv<i 2. "or s

bi nder conposmtrestialqooductis axgfobegentially of: (1 ) a pol ynet hyl ene

pol y(phenyl imﬁ?—h&w ' hty of about 2.1 to about 3.5,
and NCO gro "BAtS of fro rg[fg[ﬁdrggg?o 33% and a nononer content of 10
from about 3MevbrRcRYS&HDY wel gbd-7ouherein the content of the nonomner

conpri ses up_Lg_a,bgui-_S%_by_‘onggm_gf_i_he_z, 2'-isonmer) fromabout 1 %up to
about 20% by P\Mpbht of the 2, %85¥sonmer, and from about 25%to about 65% by

wei ght of th&pifizerl SONET, DEgRgsRN the entire wei ght of the
Wax 3-10%

b}

This binder formulation may be used in an amount of 1 to 25% by
weight, expressed as a percentage of the total wood weight, or about 0.25
10 to 8.0% of PMDI based on the wood weight. Preferably, the quantity of
binder formulation based on the weight of the wood is about 2 to 10%,
depending on the configuration of the particulate wood and the
requirements of the products. Also, if a small amount of isocyanate is used
in the binder formulation (e.g., about 10 to 20% based on the total binder
15 formulation, providing a relatively dry powder), then relatively greater
proportions of binder formulation will be used (e.g., 8 to 10% binder
formulation, or 1 to 2% isocyanate based on the wood weight). On the
other hand, when relatively small quantities of binder formulation are used
(e.g., 2 to 6% binder formulation) then the quantity of isocyanate in the
20  powdery binder should be somewhat greater (e.g., 25 to 35%) to provide
sufficient bonding, this provides a minimum percentage of isocyanate
based on the quantity of wood of about 0.5 to 2%. In general, using a
preferred powdery binder formulation, the maximum amount of isocyanate
present will be about 20% based on the binder, or 2% based on the wood
25 when 10% binder is used.



15 pol yi socyanate; and (2) a solid novolac resin, wherein the weight ratio
of conponent A)(2) to conponent A)(1 ) is from2:1 to 10:1; 20 and B) '
nol di ng or conpressing the conbination forned in A), thus form ng the wood
conposi t e matyas dokogs2. The process of Caim1l, wherein thepoposospamticl es
are conbined wwth from2 to 10% by wei ght, based on the total weight of the-
, 25 wood conposite, of a binder ce@pesition. 3. The process of Caim1l,
wherein the wood particles are conbined with from3 to 8% by wei ght, based

on the total wei tho hrfnhehl&@@ﬁref@rmsﬂ|§©Isocﬁos§|bhitbdﬁakeclﬁftﬁlm5iti0“- 4. The
process of %("1‘] erein tge WEI ratio of, 30 co ent A)(2) to
cormponent A) %ff?fg‘ tioRs goqor '697‘01 premfwmeg 9B 5siPE-FMaldogl 19297 5. The
process of uahtitick of AT, PolarGRIMPAfRBUS AdIentsushiad, PP kxamblRy | ene

pol y(phenyl i socyanat e) has a viscosity of |ess than about 2,000 cps at 25C.
6. The proceBethyenerhipride OFWF'@FWS@H%GEJHEGWTH‘G) buWi d 5 pol ynet hyl ene

pol y(phesyl 'b%ﬂﬁ?ﬂﬁﬁ'l@'é%ie glatﬁo&ylgdmlét@néfl dolotioRs of ROlacredirlsn thet, an NCO

group content o out nmonomer content of about 40 to 70%
7. The proceaiaronorchauenus, so{meﬁse:an atlsippusedt: Liguid binderfoemiatignget hyl ene

pol y(phenyl i | 0 2.8, and
wherein the c?ﬁ %%ﬁ dﬂta)ﬁ'f@ da'r’é‘ﬁ{uspé‘lgéagé?éégr‘;c:ls‘;éEQHh{l%gf?b@/fth]a ht of the
2,2' -isoner vo:-fterl\tmntenteusﬁ'\etdelsséﬁladyiowdagI’ﬂsmsfbe:daesapﬂthel soner of MDI and

procees of AMSERrE® egha helskB i kel st e A BB i i ene |
FOl g(zhd@ylﬂw&ag@y@uﬁir@)opmaﬂmmses ? bl end having a funct [ ongl | ';3%// of Ijrom 2.2
0 2.4, an r 5, and a
nmononer cont ent W‘Bﬁ&%ﬁﬁ‘ﬁ”'%’?ﬁ%@“‘@%ﬁ%ﬁ#ﬂmre'PH C%He content of
%lnorr?r conﬁécsl@smdemgmtmangalgelatw@%dngemrghyobdrytmeolaciéan so][reR/D Iof .
rom abapt t 0, abo ' nmer o an
f r om about mu}%r ?}Hﬁy%%@% cérlﬁoqu)nqtggetﬂngf.thq @Bﬁ‘é@ rg?a |, based on
the entire wnegbtnt wfweirehmebub@cfyina&nsﬁb@or@e@p@%&n@énﬁf@hrﬁdwng\m@f ein
conponent zﬁ?ﬁeﬁsal d solid novol ac resin coppri ses at | east one conpound

sel ecteddr BOTRIB%{51286 KL TOBT iBngsaons mass dgipa gisgous mass

can be obtained by first blending isocyanate with a novolac resin in the
ratio of 10 to 50% by weight isocyanate and 50 to 90% by weight of
powdered novolac, then letting the mixture react for 5 to 60 minutes, and
finally adding 30 to 70%, based on the weight of the mixture, of inert

20 solvent or plasticizer to obtain a viscous mass suitable for roller spreading
on veneers in piywood manufacture. Viscosity can be controlled by
adjusting the ratio of components in the mixture.

Binder formulations according to the present invention are made by

blending together the various components in the proper sequence as

25 noted above. When producing the preferred powdery binders, such
blending preferably invoives vigorous agitation for several minutes, such
as in a suitable mill, in order to insure thorough biending of the isocyanate
with the other components. It is preferable to biend together first the
isocyanate with the stabilizing agent, catalyst and release agent (if one or

30 more of these latter components are used) and then to add the novolac



30 WD 00l 35985 PCTNS99/29797 -28 5 (Il'" and HO OcH2 O off 10 R R (m~
wherein: 15 each R independently represents a hydrogen atomor a phenolic
substituent neta to the phenolic hydroxyl group. 10. The process of Caim

1) wherein B)ghdHeg¥0! di ng or conpressing of the conbi nati gierhawemder n A)
.occurs at, pressures of from 20 about 200 to about 1,000 psi for about 2 to

10 m nutes and at tenperatures of -fa4om about 120 to 225C. 11. The process
of Claim 10, wherein the pressure ranges from about 300 to 700 psi, the

time rangeSrefsrrpmf@beﬁéb ﬂaetmbrmh@%hoﬁldwuérﬁéd@nﬂfdrlaqlnﬁ@mﬁéuéﬁube ranges from
about 150 to 200C. 25 12. process for the production of wood conposite

material s c@r@gwﬁ%ark@mo,gﬁnwlwd@n%@éewg@mels@éer\mgmcqnﬂltpna. pol ynet hyl ene
pol y(phenyl {505aRa5R) oé&?éﬁ&s@vél‘épﬁﬁdtﬁMf\thoreas ﬁBi@éﬁonz 1 to about 3.5,

and NCO group content rom about 25 30 nononer content of
f rom about 30% twegmuwed\bingmfonméh@mammphed tmvom BEYgleS IFCT| US99129297

2 2' - fg(r;gmeapfhe%%’m}g%% up FB%}@/) @pé}mel ghit oT t IhghtZ Zf ;[ ggmar ,
and from abiptermpang astrasuef \A@E%pbytld@wgtha efream@fmezlmvmﬁred based on t he
o e b A AU i Bl IrkAF BB 2L e
conbi nat i onwhighnieith cammbdn usdyerinithe mnpfagtmgé of é@n%omg)rg?ctaﬁlﬁrﬁreefg?gl in
Mol ght "ot & AEPABGE RS INRRR IS PotOersh Btier B 1aks PGSR Bha  he viel ght
rati o ofg cotRedikeNthe(wdod Bag ﬁﬂMWﬁﬁe rahge of Molst@@cbnfent,a.elGiokn 13. The
D es o bt B Ll SOy oBGE Bt e Rl e BBl e e o
the wood coppdisiet SHowbverOfRGMOAKtagédus if tHetnbidlure content of the wood
particles is relatively low, i.e., on the order of about 1 to 6%, and after
initial pressing and prior to final compacting in a hot press, the pre-formed
15 particle board is sprayed with water to increase its moisture content to 10
to 11%.
Alternatively, although less preferred, binders can be added
separately and subsequently blended together with the wood particles.
This is less preferred because, at least in some cases, the two co-
20 reactants are not intimately mixed in the proper ratios. As soon as the
binder according to the invention comes into contact with wood, it starts
reacting with the water contained in the wood.
The binder and resultant products are free of formaldehyde and the
composite is produced at a cost competitive to the cost of making wood
25  products using urea-formaldehyde resin which has the serious problem of
formaldehyde emission. The binder formulation can also be applied to
wood at higher moisture content which saves energy by reducing the
degree of drying normally required prior to pressing.
The following examples further illustrate details for the process of
30 this invention. The invention, which is set forth in the foregoing disclosure,



15 14. The process of Claim 12, wherein conponents (1 ) and (2) are present
in anobunts such that there is from3 to 8% by wei ght, based on the total
wei ght of the wood conposite, of conponents (1 ) and (2). 15. The process
of C aim 12) wohgaesh the weight ratio of conponent A)(2) tecwesypenent A) (1
) is from3:1 to 7:1. 20 16. The process of Caim 12, wherein conponent

A) (1 ) said pol ynethyl ene pol y(pheng2i-socyanate) has a viscosity of |ess

t han about 2,000 cps at 25C. 17. The process of Caim 12, wherein conponent

A{)(l )ngi d i BWOY%@E@W\W&MW’(mﬁ'bﬂsbéwwl?%sg)exbmgga T%} onalji ty of
about t , an oup, cont about t 5 and a nonomer
content of aﬂé&d 'ﬂ(ﬁ"‘%%’l“?@)’eagg "Eé ‘gg‘? ?%QWQH%“S;S'PBﬁBgWon of wood
conposi te Negdditdng oq:mmbncﬁmn@pro%)eda:@a*vanluag:s\seoam@aé bineheisewi th (2) a
solid novol ac resm 30 coating the conmbination formed in A) with (1) a

pol ynet hyl en'i-",‘)e \@@@PS%S PWQ??@E@WS%@ PR AEmarcedegetnat e) havi ng
a functi q:pal bgtwyémt m&k é}%&b@ﬁelgﬁ’tn%sy%\@fww content of from
r content

about 25 to 3% rom about "30%to 90% by wei ght,
wherein the content of the nmonomeE es up to about 5% by wei ght of

kES

the 5 2,2 - %@E@@ 9 200 of the 2,4
i soner, and Iﬁ’é&ﬁlg né 'I'ts%(’){%tug%%&@5%&'@%4&%”@%89%5 i sonmer) based
on the entirievemioght of the polyi socyanate; and C) nol ding or conpressing
the coated c i n for j X I ) and (2) are
present in mgch th‘g‘ﬁﬂpﬁgy@?gzjg’#%nr%%%ﬁ%gc@g%gg%&éﬁ‘&&ﬂ\g based on the
t ot alhtvve1(?ht 011: t he woodt canzmdﬁ gleupcbnteatmfcmt 1&5‘%_$nﬁ$a \)iscmsdil ybf) : 18n(i trllg
wei g rati o of conponen c onen ) IS, : 0 - 1. :
The process of O aim 18, m%%c?ué%ﬁo %r?é’ﬁi’gérf'f?')j a\éﬂﬂlagl(()e%o"iéaéﬁ?re present in
amounts such that there iscémperationto 10! by wei ght, based on the total
wei ght of the wood c 0 e, of conponents 0. The process
of Claim 18__ﬁﬁQEgE&MM 8 ntsa'tdﬁvgqgcam'”( 59 W@'%B&V%ﬁ%bl?ﬁ'oﬁhounts such
that there is from3 to 8% by \wjrgéd Chmsad ied) the total wei ght of the wood
conposite) of corrponents (1 and (2). 20 21., The rocess of Claim 18,

e N dompsead

wher ei n 1% of ggrp@)erq%ly@g fema) (1) is from3:1
to 7:1. 22. The process of ofdidéntalGhentis mcn(cmrz@p% iy Nthibler= sai d
poi ynet hyl ene poly(phenyllsocyanate) has a viscosity of |ess than about
2,000 cps at 25C. 40216-08-8)
Stabilizer A: sebacic acid
20 The procedure used to prepare the boards containing the

Cascophen and Varcum resins were the same, only differing in the
amounts of each perspective resin (Novolac or Varcum) used in
conjunction with the isocyanate. This procedure consisted of two parts,
preparation of the binder, and preparation of the board.

25

Procedure for Preparation of Binder:

200 parts by weight of Isocyanate A were combined with 100 parts
by weight of Stabilizer A in a 32-0z. jar and mixed well. Then, 100 parts by
weight of the solid resin (Novolac or Varcum) was ball-milled and

30 screened using a #40 US-mesh sieve. This material was then placed in a



25 23. The process of Claim 18, wherein conponent A)(1l ) said pol ynet hyl ene
pol y(phenyl i socyanate) has a functionality of about 2.3 to 3.0, an NCO
group content of about 30 to 33% and a nononer content of about 40 to 70%
30 . A WO 00735985 . PCT/US99/29297
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Table 2:

Example 3 4

Percent of each resin 7:1 7:1

10

hased on total weight
of composite board

Cascophen SD-838A/
Isocyanate A

Cascophen SD-838A/
{socyanate A

Percent Wood * 91.5% 91.5%
Percent Stabilizer 0.5% 0.5%
Curing Temperature 350 400
(°F)

| Average Density (pcf) | 52.87 52.16
Internal Bond Strength | 213 189

si)
| Thickness Swell (%) 17.3 19.1

*Weight of wood, excluding moisture
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10 from about 30% to 90% by weight, wherein the content of

the monomer comprises up to about 5% by weight of the
2,2'-isomer, from about 1% up to about 20% by weight of the
2,4'-isomer, and from about 25% to about 65% by weight of
the 4,4'-isomer, based on the entire weight of the

15 polyisocyanate;

and

(2) asolid novolac resin,

wherein the weight ratio of component A)(2) to component A)(1) is

from 2:1 to 10:1;

20 and
B) molding or compressing the combination formed in A), thus forming
the wood composite material.

2. The process of Claim 1, wherein the wood particles are
combined with from 2 to 10% by weight, based on the total weight of the

25 wood composite, of a binder composition.

3. The process of Claim 1, wherein the wood particles are
combined with from 3 to 8% by weight, based on the total weight of the
wood composite, of a binder composition.

4, The process of Claim 1, wherein the weight ratio of

30 component A)(2) to component A)(1) is from 3:1 to 7:1.
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and

(i)
wherein;
each R: independently represents a hydrogen atom or
a phenolic substituent meta to the phenolic
hydroxyl group.

10.  The process of Claim 1, wherein B) the molding or
compressing of the combination formed in A) occurs at pressures of from
about 200 to about 1,000 psi for about 2 to 10 minutes and at
temperatures of from about 120 to 225°C.

11.  The process of Claim 10, wherein the pressure ranges from
about 300 to 700 psi, the time ranges from about 4 to about 8 minutes and
the temperature ranges from about 150 to 200°C.

12. A process for the production of wood composite materials
comprising:

A) combining wood particles with (1) a polymethylene
poly(phenylisocyanate) having a functionality of about 2.1 to about

3.5, and NCO group content of from about 25 to 33%, and a

monomer content of from about 30% to 90% by weight, wherein the

2OPAIKI29297 10%
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component A)(2) to component A)(1) is from 3:1 to 7:1.

20 16.  The process of Claim 12, wherein component A)(1) said
polymethylene poly(phenylisocyanate) has a viscosity of less than about
2,000 cps at 25°C.

17.  The process of Claim 12, wherein component A)(1) said
polymethylene poly(phenylisocyanate) has a functionality of about 2.3 to

25 3.0, an NCO group content of about 30 to 33%, and a monomer content of
about 40 to 70%.

18. A process for the production of wood composite materials
comprising:
A) combining wood particles with (2) a solid novolac resin;
30 B) coating the combination formed in A) with (1) a polymethylene
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poly(phenylisocyanate) having a functionality of about 2.1 to about

3.5, and NCO group content of from about 25 to 33%, and a

monomer content of from about 30% to 90% by weight, wherein the

content of the monomer comprises up to about 5% by weight of the
5 2,2'-isomer, from about 1% up to about 20% by weight of the 2,4'-

isomer, and from about 25% to about 65% by weight of the 4,4'-

isomer, based on the entire weight of the polyisocyanate;
and
C) molding or compressing the coated combination formed in B);

10  wherein components (1) and (2) are present in amounts such that there is
from 1 to 25% by weight, based on the total weight of the wood
composite, of components (1) and (2), and the weight ratioc of component
(2) to component (1) is from 1:3 to 10:1.

19.  The process of Claim 18, wherein components (1) and (2)

15 are present in amounts such that there is from 2 to 10% by weight, based
on the total weight of the wood composite, of components (1) and (2).

20. The process of Claim 18, wherein components (1) and (2)
are present in amounts such that there is from 3 to 8% by weight, based
on the total weight of the wood composite, of components (1) and (2).

20 21.  The process of Claim 18, wherein the weight ratio of
component A)(2) to component A)(1) is from 3:1 to 7:1.

22. The process of Claim 18, wherein component A)(1) said
polymethylene poly(phenylisocyanate) has a viscosity of less than about
2,000 cps at 25°C.

25 23.  The process of Claim 18, wherein component A)(1) said
polymethylene poly(phenylisocyanate) has a functionality of about 2.3 to
3.0, an NCO group content of about 30 to 33%, and a monomer content of
about 40 to 70%.

30



