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important factor to be considered in employing polyurethane foams is the

ability of such materials to resist ignition, or once ignited, to be self-
extinguishing after the ignition source is removed. This factor becomes
20  even more important if the polymeric material is to be used within a
confined space or in outdoor applications in locations that are fire-prone.
These polyurethane foams can even be used, for example, as roofing
materials in fire-prone areas.
As those skilled in the art are aware, the most common method of
25  decreasing the flammability of polyurethane foams is by incorporating a
flame retarding agent, such as a halogen- or phosphorus-containing
compound, into the foam formulation. Although such compounds provide
some improvement in the flame retardation properties, relatively large
quantities of these agents may have to be employed to obtain satisfactory
30 results. In general, incorporating relatively high amounts of flame
retardants into the polyurethane foam reduces the overall physical
property levels of the polyurethane foam.
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Patent 5, 086 GEPYYLIELANE LM MAHRAYRPyneric material suitable as a wood

substitutl®, nade A§ kBowAN itHGLRUSKIIRRBIBENS brtPPblyUrRt IR ahRVédHbsO! 1 d.
pol yvinyl chlorjde parti cLes di spersed therein. The wood-11ke material of

thi's patent H UiRinylepaoRaNe-Ragsd pelyols (See e.g., U.S. Patents
6,319,962, 4,690,954 and 4,407,981). Although there are some

polyurethane foams available that pass the ASTM E-84 Tunnel Test
"Standard Test Method for Surface Burning Characteristics of Building

20 Materials" (ASTM International) with a Class | rating (U.S. Patents
4,797,428 and 4,940,632), these foams use the alternative
chlorofluorocarbon/hydrogenated chlorofiuorocarbon blowing agents in
combination with highly loaded polyester polyol blends and liquid flame
retardants or have high flame retardant filler loadings, including

25 phosphorus-based materials, in combination with trimethylolpropane-
based polyols to produce the desired end result. These polyester-
containing foams tend to reduce long term hydrolytic and "creep" stability
and thus become a problem for applications outside of insulation-type
foams.
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tri hydroxide (ATH) .on the surface protection provi anmoni um
pol y%hosphat et%FA%)je?’ Gricls mayike wovedtfeamm dhe mald)afifronSBR to ten Was _
necessary to mgfites sledsdibsant | y hi gher amount of ATH than APP to achieve
conparabl e results, i. 60 -4- wt.%of ATH vs. 10-12 wt.%of APP. In

addi tion, the substherétieesite the apwadahcmlﬂdisgtoisearpgbia]@;?ﬁggtagmyt ai ni ng
Castout gl or ool R eR e I S Bl Tl oo isT s PARA v i
al umi num15  interested in a foam that is solely water- or carbon dioxide-blown; that
satisfies the burning brand test ASTM E-108 with a Class A rating. A flame
retardant combination that minimizes the amount of halogeh-containing
compounds would also be highly desirable from an environmental
perspective.
20 Thus, the development of such flame retardant polyurethane foam
would be very desirable. Because of environmental concerns, it would be
also be desirable for such a foam use non-chlorofluorocarbon/
hydrogenated chlorofluorocarbon-containing blowing agents, such as
water and/or carbon dioxide.
25 The paper titled “Ammonium Polyphosphate-Aluminum Trihydroxide
Antagonism in Fire Retarded Butadiene-Styrene Block Copolymer” by A.
Castrovinci et al in European Polymer Journal, (2005), 41(9), 2023-2033,
discusses the effect of aluminum trihydroxide (ATH) on the surface
protection from fire provided by ammonium polyphosphate (APP) to a
30 styrene butadiene rubber (SBR). It was necessary to add a significantly
higher amount of ATH than APP to achieve comparable results, i.e. 60




5 phosphates formon heating APP in SBR, and these al um num phosphat es
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and (c) a br ERETIOMHARES Ef%(E’ﬁ’{YSlﬁ{'ﬂ véith 8 sragnesiusmhydexisiedirp consi st i ng
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pol ytetrabronp- bis(phenol)-A-carbonate ur et oans are
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underwent an exothermic crystalline transition at a high temperature. In
addition, magnesium orthoborate (3MgO-B,03), a new crystalline phase,
and some zinc oxide (ZnO), formed on reaction of magnesium oxide with

20  zinc borate (2Zn0-3B,03'3H,0) at temperatures greater than 500°C.
Thus, it appears that there is a synergy that results from the combination
of magnesium hydroxide and zinc borates as flame retardants for
polyolefins.

Flame resistant, thermoplastic polyurethane elastomers and

25 processes for their preparation are disclosed in U.S. Patent 4,748,195,
The flame retardant package in these TPUs is (a) a compound selected
from the group consisting of antimony trioxide, zinc borate and mixtures
thereof, (b) a chlorinated polyethylene, and (c) a brominated aromatic
compound selected from the group consisting of polytetrabromo-

30 bis(phenol)-A-glycidyl ether, polytriboromostyrene and polytetrabromo-
bis(phenol)-A-carbonate. Polyurethane foams are not mentioned in this
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si |l oxanes. U. S |, i O Lal Number 12/231, 153 (P0-9133) descri bes
pol yur et hane SA%WW%E%H\%'BF?S?%%?\ 9@'&%“5 e?teﬁi'r% € fardaN st ens 25 t hat
are produced aembinatidcremushctrdaing s duuitioh oxditebetd BRJ Bl ‘exigegifgent , i.e.,
whi ch are fret @/Fmdrl?@ Q efnat ed.flanme retardants. The flane retardant
described in ?HI S ap%ﬁ%&&{m@ ceMpoupd SHEh 88 ARNtASNRAriiochd lames exress anmoni um
pol yphosgRat efamianiom belypticsphat eshpaisiag Rbrt 86 td 56%FordRS fidped in this
application ingcl ud% 1§ngg| umdensity (10-30 pounds 30per cubic foot

(pcf)) maki nd PHER é[]igt F&te%ﬁé‘?}’%é‘éﬂﬁﬂeﬁﬁ @5 ta Q0 penakingne

resi stance althemilegs athaBliveadeonaRibtibh bR : flame -6-
retardants whi ch do not include_hal ogen-cont gf’%ﬁﬁé%ﬁﬁ%@h%@; and (4) such

| ow amount s GCOPPRIRR! peispegtiv: Thiadiscipsyrarisesilehbwith respet tgtle frasld denandi ng
appl i cati onsj i " - i Nu r 12/231,153 have the
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Pat ent 4, 467 obBerates as FiresRetardamissrin the jpalnephResd A RIVAACES RIFRnd et ar dant
which is enc I r de ter-i bl e pol ycondensati on product of
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uppressant, tla retardant, afterglow suppressant, char promoter, anti-
arcing agent, and improves oil resistance, and inhibits plate out in
polymers containing siloxanes.
U.S. Application Serial Number 12/231,153 (PO-9133) describes
polyurethane foams made with improved flame retardant foam systems
25  that are produced with water and/or carbon dioxide as the blowing agent,
i.e., which are free of halogenated flame retardants. The flame retardant
described in this application is a composition which includes both
ammonium polyphosphate and zinc borate. Advantages of the foams
described in this application include: (1) medium density (10-30 pounds
30  per cubic foot (pcf)) making them suitable for construction materials; (2)

flame resistance allowing them to be used in fire-prone areas; (3) flame



encapsul ated using an aqueous met hanol solution of nelamne and 15

formal dehyde, renoval of all water fromthe encapsul ated ammni um .

pol yphosphetzeriwmesimot be ensured. The presence of such pesiusaab/ovmver in a
foamform ng m xture can be expected to affect the density of the product
foam Because the anount of residual waier woul d be expected to vary, _
control of foamdensity nmade with ammoni um pol yphosphate 20encapsul ated in
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respect to dedemmandihg applidationsd! ded pol yuret hane foans. U . S. Patent
5,534, 291 di scl os a_process for producing 25 nel am ne-coated ammoni um
pol yphosphat e par t 119 08émsiggseripad &nt- Jozeriahdumbes V231,152 have theat use of

the di scl asedyig@dvamtdyrs GlORIRE AREBRUWHISY %ﬁgﬁhg@ﬁg@%ﬁg%@ve any effect

the rate of reaction of "a systeminto a-f ret.ardant
gg(r)rgonent i s Gatlystrse Mdededinghe paaction rBixpus, J6% Ideg curdtmefrhakes it et ar dant
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hal ogenat ed nRgRSatiegRro H‘Cttﬂfm'?@irﬁg@ﬁ fogmalgdehydge Thisdflame of cat al yst
i n which the reargarfis BUGAt tosbs USSHARS hakhe rre?éi'Hﬁﬁﬁﬁcélgﬁfcgpygr‘ﬁgﬁlgh*,ng t hteh 0
producti on of lded articles with significantly shorter de-nold times a
current syst @fyurgtgane foams. However, because the ammonium polyphosphate is
encapsulated using an aqueous methanol solution of melamine and
15 formaldehyde, removal of all water from the encapsulated ammonium
polyphosphate can not be ensured. The presence of such residual water
in a foam-forming mixture can be expected to affect the density of the
product foam. Because the amount of residual water would be expected
to vary, control of foam density made with ammonium polyphosphate
20 encapsulated in this manner would be difficult. U.S. 4,467,056 does not,
however, disclose anything with respect to adaptation of foam-forming
systems in which the disclosed flame retardant is employed. This patent is
also silent with respect to de-mold times for molded polyurethane foams.
U.S. Patent 5,534,291 discloses a process for producing
25 melamine-coated ammonium polyphosphate particles . This patent does
not, however, teach that use of the disclosed melamine-coated ammonium
polyphosphate would have any effect upon the rate of reaction of a system
into which such a flame retardant component is incorporated.
U.S. Patent 5,945,467 describes flame-retardant thermosetting
30 resin compositions in which melamine-coated ammonium polyphosphate

particles and/or water-insoluble ammonium polyphosphate particles is/are



SUMMARY OF THE | NVENTI ON It is an object of the present invention
to provide a process for the production of a fire-resistant, nolded, nedium
density (Woeo1/m@1to 30 pcf) pol yuret hane foam wit h si gRCTiusaslog29ghort er
de-nold tines than prior art 15 systens. It is another object of the
present invention to provide a conpositiZen for the production of
fire-resistant, nolded, nmedium density pol yurethane foans which do not
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Fomof st B Ay s

pol yur et hane ormng r ure, b)from10 to 50, and preferably
15 to |1 ed9 than 25, parts by weight of

- SUMMARY OF THE INVENTION
It is an object of the present invention to provide a process for the
production of a fire-resistant, molded, medium density (i.e., 10 to 30 pcf)

polyurethane foam with significantly shorter de-mold times than prior art
15  systems.

It is another object of the present invention to provide a composition
for the production of fire-resistant, molded, medium density polyurethane
foams which do not include a halogenated fire retardant or halogenated
blowing agent which increases the rate of cure with a reduced amount of

20 catalyst.

These and other objects which will be apparent to those skilled in
the art are accomplished by including a solid flame retardant composition
that includes zinc borate and a melamine-coated ammonium

polyphosphate in the polyurethane foam-forming reaction mixture.
25



solid flame retardant conposition which includes: (i)a nelam ne coated
anmoni um pol yphosphate, 15(ii)zinc borate, and, optionally, (iii)one or
nore et avoarildessior hydrat es thereof, in which the wei gotr/usatiooozf3
mel am ne coated ammoni um pol yphosphate to zinc borate ranges from3:1 to
1:3; 20in which the zinc borate is incleged in the foamformng mxture in
an anount such that the pol yurethane foam produced conprises at |east 5% by
vei ght, based on 100% {DETILEN DESORIPTIQINOF THEZINVENPIGH €- In the
process of the present invention for preparing fire-resistant, nolded,
medi um density pol yurethane foans with shorter cure tinmes, the 25

pol yur et hane foam Tioe méyent:WEﬁﬁcbrt ré?éteS%ahlur%Fb\@e%Scés% fBPHeed i nto an
open nold, the npl t he yur et hane-form ng conposition is

‘g fcI osed {)

al | oned to reB@duc cHblo“t ie-reistand pe d?dr Derie deasity palyuretrmnedoamsm t he

mol d.  -9-5  withoutAh& @¥e b atH4igH e f e i nvention is
the reduced anount of t?r?e needed a%%d"grer’r%\%ﬁg @dgoqaq(g;r%é‘%?]eqj@ vagm ng m xture
to react bef o’f‘Q?"[tr?é‘dwtrd@(ﬂe@-rqad(ﬂféowamfl@etalsea’wmnbdaéwodetmeldm& and has
been found th@ty, E‘%”" [ duces the anmount of tine required
in5 the nold byé?(?'arﬂé? eggb&etﬂk rﬂ'BCésesAs used herein, unless otherw se
expressly specifi dd theproagss wofithenpresentiabentiong ése p@l;mﬂemaﬁqe tahyes and

per cent ages ts of materials, tines and tenperatures
of reaction, S@gﬂ &ma%r{fﬁ{)gedﬂ%ﬁ{b&gg for mol ecul ar wei ght, and others in
the fol | o nga)portfrcum 50G0 ®0, bhe pséfe»fab‘ly mRfe EanTre/ td85 (RAE %ﬁN??hPBief aced by
the word "about"” even e§£ erm "about" may not expr appear with
the val ue, anmount P° Ylérﬁabaq’ QRIHIAMBRINLIERGHR RARErS: oam f or mi ng reacti ve

m xtures usefb)l i rrdeORs B0t bRE pRifetddf P5 BSRAS thdlY S5 LI B Kelffl §f b own

pol yur et hane foam

solid flame retardant composition which includes:

0] a melamine coated ammonium polyphosphate,

16 (ii) zinc borate,

and, optionally,

(iif)  one or more metal oxides or hydrates thereof,

in which the weight ratio of melamine coated ammonium
polyphosphate to zinc borate ranges from 3:1 to 1:3:

20  in which the zinc borate is included in the foam-forming mixture in an
amount such that the polyurethane foam produced comprises at least 5%
by weight, based on 100% by weight of the foam, of zinc borate.

In the process of the present invention for preparing fire-resistant,
molded, medium density polyurethane foams with shorter cure times, the

25  polyurethane foam-forming composition described above is poured into an
open mold, the mold is closed, the polyurethane-forming compositibn is

allowed to react, and the molded polyurethane foam is removed from the
mold.



15 formng reactive mxtures in which the anount of water present is
sufficient to result in a nediumdensity foam i.e. a density of about 10
t o about WO 2puifoe2éiypi cal ly, this is about 0.1 to about PCO/USand/om9es er ably
about 0.2 to about 0.7) parts by weight of water, based on 100 parts by
wei ght of the pol yurethane foam system.gThe anount of water is the total
anmount in the 20 pol yurethane foamform ng reactive m xture and i ncl udes

water that is of t enkapieakiecr ol rdcBss By GIREom inRHibAGE frcPlodubSyf | am
I 0] ane foamtfto

retardant solids. ) Sui t.abl e pol yuret a rmng reactive
m xtures sui PPNt timeseegdeditpa@llpwibe ipolyurdthane-farmise mixturestorreaon i ncl ude

those known iaéfareqhémvw%ﬁaﬁ%@ﬂ?ér@% Eéerﬁévéc}'%r%athje%éggpgt%g%%an

i socyanat e component one or nore hyl ene

pol y( phenyl ifewrd thasthe presant ipventiomaiedugetne aroourmtiafiting: gepet ymer based on
a pol ynet Ryl I anate), or a mxture thereof, and (2) one
or nore igocsﬁﬁg%gé pgg@ﬁ?%étég%&énents. 30l n the present invention, the

i socyanat e conpondituseli)hereimpuniess othepaisgraxphedsgneparified B@RHe | socyanate) ,
an i socyanate rous cont ai ni nﬁ - 0-%$re$ol nmer based on a pol ynet hyl ene
pol y( phenyl iné‘g'a’ﬁ Liagges amaitts 1yalyes and RetceptagdasSHARSHROR gr oup

content of 23nmcunis8t iptemildimes dnd @mp@atirdy 6f Ratfsh, trhdds bhese
pol yi socyanat es be conpositions having a functi or_la/é ity of fromabout 2.1 to
erg gy r1e();o

about 3.8, afnutheglUssSapmeMautaweights ang eth Bowing B8N and a
vi scosi t yoof of @feSsgdt#itafbe HaylOO R 44Ps ﬁp?éf?g%tco)( the wor T-'%,%OBP' socyanat e(s)

wll typically have an NCO functionality o preterably at

| east 2.3 andqHehdhgteaeraiauy’ mey inehsxpressy aphesewitbthe valugaarabest al so
typically hayg syNCO functionality | ess than or 10equal to 3.8, preferably
| ess than or equal to 3.5 and nore preferably |ess than or equal to 3. 2.
The pol yi socyanat Suiablapetyurethehe fearadorinteg ofadtive mixesentséfaviertheon may

have an NCO | ' I ng. bet ween any conbi nati on of these upper
and | ower vaFJuweysh?é%ﬁgiéuéri)ééémg{'%&'oﬁ%ﬁlv?%r ?‘éwg.%" )ﬂ.}rgﬁh@lnggpw rom 2. gpt 0
3.5 and h9r efqmidgresiutiye frivtoned ih wiicBth® arhblifteofpmdtel pre¥aNRIREferf P! oyed
in the practjce of .the present i.n¥enti_on typi cal |y have an NCO %\r/\gup
content of ako fESLE¢n E@)é%ﬁ"\/%’ﬁm',o%?e‘f%raa Rpityof aegudt 1010 abgy\30wei ght and
nost pref er aptly TapichBashis 98Ot 0Vek@Bbout e8P BlereRBRY ®2 f9 SO
e

typically have a CO group content of less than or equal to 33% by weight,
preferably | @ggut?q]ggnp%’?s @qwg,gl‘tt gf water, based on 100 parts by weight of the

polyurethane foam system. The amount of water is the total amount in the
20  polyurethane foam-forming reactive mixture and includes water that is
often adsorbed onto the hygroscopic surfaces of the flame retardant
solids.
Suitable polyurethane foam-forming reactive mixtures suitable for
use in the practice of the present invention include those known in the art.
25  Such mixtures typically include (1) an isocyanate component which may
include one or more of a polymethylene poly(phenyl isocyanate), an
isocyanate group containing prepolymer based on a polymethylene
poly(phenyl isocyanate), or a mixture thereof, and (2) one or more
isocyanate-reactive components.
30 In the present invention, the isocyanate component (1) comprises a

polymethylene poly(phenyl isocyanate), an isocyanate group containing



20 32% by weight and nore preferably |l ess than or equal to 31% by wei ght.

Sui t abl e pol yi socyanates nay have an NCO group content rangi ng between any
conbi nat iwo 20f1/ask@se upper and | ower val ues, inclusive, PETEIS2010009725% t O
33% by weight, preferably from27.5%to 32% by wei ght, and nore preferably
from29%to 31% by weight. 251t is nostigpreferred that the

pol yi socyanate(s) have an NCO group content of from27.5%to 32%and a

functional i t yr&foljrhenbased é@a?po@m&hylbablp%w&héhﬁ%}é@é&@étéﬁ ovahysfying these
NCO group cont ent ﬁ@?functlonalltz riteria incl ynet hyl ene

pol y( phenyl & 8<) havipg s ] CPH@P&@W%R/?’%@ Q»h\gehgé dfised NCO

group Conten%&@%r@l@f’f@ﬁ%éﬂﬂé&ébB}ylsocyanates bg%)ﬂmfs‘t%n gised herein,
refers to polynet hyl ene p i Socyanate I'n adltlonto

mononeri ¢ di féudipaaky of (rprrbaboqt\g@%/tq aal@ptd@n% NQQ gravpreaiterst afhr ee-ri ng
d hi gh d e
and hi ghes ripg, ,Co8y, % %'bBQt[ Biadd Ueds: V.é@pggéi; (eSS b o oﬁg\r/rﬁﬁa s noo

pon|socyanate I's a |socyana
content of aR6IE. 31. 596 a functlonallty of about 2.8, a VISCOSIty of about

200 nPa-s at 25C. su e e in th ctlce of
the present invent pgﬁo,yhsqcagﬁgﬁsgevgﬁ&péﬁly%ggénpmgp fuagt tl ng an
excess of a ld)xsb?ylnﬂéfyfah@aﬂebyt(?h@mdlmor%qsiryémab@)at%dsm@Thlese Such
i socyanate-reactive ¢ onent to form an t er.m nat prepol ymer. Suc

i socyanat e- P85’+ﬁ°ﬁé?'é%"§?g‘iﬁﬁve'ﬁé%h%‘@ea@ Mof‘ﬂ"% tlé‘ﬁ'teé’ﬁt 5, 962, 541,
t he di schosuequalfto\ds, cd*refeesatblsan@@man@%a@élab% Bikd rn&fr@rpeéféeabnl/ Reskhe
practice of tl'ihazn (Qresent énventl on, %TTEI’I cdip hengl nmet hane

di i socyanat et QU i ér 2l PR p&'ymcyanate ) esed an e praslies ekther pol yol or a
pol yol bl endpr@‘éhf‘&véntfé’rnﬁia'ymb'érﬁm@b fuh@f@r?a@iWJItané r@ BAweBRYny4, and a

nunber average nol ecul ar weight (as determ ned group angl ysis) of
from about 400MPiHatipd of theseoPPrenasd lw@p@lmn@lt@w\wlaﬁg Heare Z Utect i onal i ti es

oo ors Por B EaRiaRbE thim 21 98 JANA6R ABlertBl Mbrf 20 f 3 205 TR0l ®

pol yol s for preparing’such isocyanate- er m na prep 5 typically have
a functithality oThapolymyamre(st) emBoyexhid therpeaqjlcefoértmé)bgeseht | east about

L) T PG T LS BN B Bub AR PO SR R
preferably | ptefertablgmtdeastm}’aﬂi%tby adight ard thost pre?&raBi dtil@ast 2098 bpol yol may
have a funct| on l I'Itr}/es% IlQ cy%%ta},\% aqso R}fncally have an NCO group content
of less than or equal to 33% by weight, preferably less than or equal to
20  32% by weight and more preferably less than or equal to 31% by weight.
Suitable polyisocyanates may have an NCO group content ranging
between any combination of these upper and lower values, inclusive, e.g.,
from 25% to 33% by weight, preferably from 27.5% to 32% by weight, and
more preferably from 29% to 31% by weight.
25 It is most preferred that the polyisocyanate(s) have an NCO group
content of from 27.5% to 32% and a functionality of from 2.3 to 3.5.
Suitable polyisocyanates satisfying these NCO group content and
functionality criteria include: polymethylene poly(phenyl isocyanates) and
prepolymers thereof having the required NCO group content and
30 functionality. |



conbi nati on of these upper and | ower values, inclusive, e.g. from1.8 to 4,
preferably from1l.8 to 2.4, and nore preferably from1.9 to 2.2. -12-

The pol yove 20siéd2410 pr epar e i socyanat e-term nat ed prepolPgmasgoiswiivabl e f or
use in the practice of the present invention also typically have a nunber
average nol ecul ar wei ght of at |east abott 400, and nore preferably at

| east about 450. These polyols also typically have a nunber 5 average

mol ecul ar wei ght ofPdlpserit MDI & usstivdrelrd r@8RO0 nﬁ%@{h@g less than or
equal to 800 aﬂgwgost preferably | ess than or equal to . These polyols
may al so haveP gpYldvRayagetalyihichinaddiianytersonemerin disunyaceate (ay

combi nati on ofivo-five €orPBEHds) Hisd EMRAINY hre8Sing ShLCring cdntairom 400 to
2000, preferabl éhﬁom EOO tsg 800, anlg nor e E)n e er@%bé&'?%ﬁ’?ﬁtﬁ'ﬂ% to 500.
particul arly P HelBr ed pol yi socyanat e prepol yner conprises a reaction

duct ofs pol ynet I ' S erage
ol ecul ar b ght. pols ep Ry e RREO oV ARIES i s tibleno. 556 a

nol ecul ar wei ght pol yester )
functi onal i t PA¥(PRBRXlIsooyaateritaving as N0 tenteht abatbbut305%5anPa. s at  25C.

I te- i . ful . f th oducti on of pol yurethane
foam i n accordairBIGTREAREo , d3%cosy GLane's 70 er asert 2556 br more hi gher
mol ecul ar wei ght  CuepolpeRtS sABSIORS LRE INEHEDIRNES pmb%eééﬁt MGG

conponents. EXx | es _of suitable isocyanate-reactive conponent’s t hat
have hi gher ﬁ%‘ﬁ@@%ﬁwe@?wg’eﬁew@a@%wag agexeeas opal yet her pol yol s,

pol yest en OpolppWrﬁethpl_@hytb@!lﬂ?lzéﬂﬁ isblcParbate PRIt Q}‘.%é‘%gﬂ%%{}seqcﬁg hers,

pol yacetals, aliphatic thio sol i ds contai ni ng udi ng graft

pol yol s, pol FPEHOPEALICSOPBIAPIE A teamingtad piepolypury Sech fsokcyatate- PHD pol yol s
Fover o e S SRS eSS BB AL L in SRR, |02
may al so be disciasuegiot ‘UR@Q ig herabyercendertad by défererceoisinernttatice of
used 1t ne. sbsehlinBtolt B obRriE iRtk ane dBSermepale Sobi ends  or
m xt ures1df [RAGJeEWh= panolapreferablta pelgsstet polybYysH PpYlyobIeH Having
a functionality of from about 1.8 to about 4, and a number average
molecular weight (as determined by end-group analysis) of from about 400
to about 2000. These prepolymers should have functionalities and NCO
group contents within the ranges set forth above.
20 Suitable polyols for preparing such isocyanate-terminated
prepolymers typically have a functionality of at least about 1.8, and more
preferably at least about 1.9. These polyols also typically have
functionalities of less than or equal to about 4, more preferably less than or
equal to about 2.4, and more preferably less than or equal to about 2.2. In
25  addition, the polyol may have a functionality ranging between any
combination of these upper and lower values, inclusive, e.g. from 1.8 to 4,
preferably from 1.8 to 2.4, and more preferably from 1.9 to 2.2.



-13- as a rule having a nol ecul ar weight of from300 to 10,000, in

particul ar pol yesters containing from2 to 8 hydroxyl groups, preferably

t hose hawogor/mwediecul ar wei ght of from 350 to 3000, noreTprsedieneddy from
350 to 2000. These pol yesters are generally used in anmobunts greater than
30% 5 preferably greater than 45% nost2-preferably greater than 55% of the

pol yol portion of the polyurethane foans. Exanpl es of these
pol yesters cont ai ﬁhegpdtwis oxyd tgpripate isoeyartte teaTihaied m&@@lrﬁ\bﬁs of
ric andotlonall trihydric cohols with

Dt e oo BuRaRE I tee W IHE Hseen of e pesant PventtLalso Srialintngt i ¢ aqi ds.

| nstead of usi mgnbér&a\ferregemméf@hérq/véighﬂéf&ﬂeﬁ'aﬁ%@f@%%d&na@ ds, the
correspondi n% aci anh?édrl des or_correspond H%am d esters of |ower

al cohol s or MIKELRRYS 3L é?b@owobgh%wlﬁ@lﬁ etyRicafy have aguinyast er s.
Ot ho- pht bal idvepgiedfoldcih i o 148! Ay 69@@19& 08B b LGACLLS TRy be
used as the phthalic acid er suita basi c- oxy 5aci ds

i ncl ude al i phaan er e@%ﬁ@éﬂﬂ@ﬁdtm@st raeferahly lﬁsartuam)pr hau@rto@@bl Thesend may be
substi tuted, be. unsat ur at ed.
SOLTTRTRIT NS e AEalh et PigiRlaRGinl 5" oLber

Exanpl es of gw tabl e’acids 1 nc nic aci suberic
acid, azel al @ea@e@ arypembmnation of thesenppler and lcmerdgaldlﬁ nramysi\vew*g halic acid

anhydride i,d.anh endonet h Qt et rahydro
phthal i c aC| Hg?ﬁpgémgq %@eﬁ?'}é from) %@tﬂﬁ@&QIw MR éreg ré@ﬁ’cfm%l eic acid
anhydri dé0 fl4|59|t0606£| d, dinmeric and trimeric fatty acids, such as oleic
acid, optionally K‘e‘?ﬁ{g xﬁd h r| c fatty acids. Sui tabl e pol yhydric

al cohol s i ncl ude: FEdk 5{23 oFa Pﬁ'N@ﬁy}'%??ée@r%Ymechppam a (1,3),
diol-(1,8), F@éd@@ﬁtw‘bdtﬂityﬁ?blynﬁ"éfﬁ%@ﬁ@ﬁé@?k@n?ﬁé&%ﬁﬁéteﬁ Lnd-Piso

25hydr oxynet h cl ohexane glycerol,

trinet hyl ol pf‘é £ avejags eleryir W@'gi\t BPIY%RGaﬁéVnglacM NCO, contgnt of

trimet hyl ol ephameso. Q%nraéf@ﬁé’ﬂd?{a'hlé/‘ﬂf’abgﬁ gl Ghd S t9'of Qﬂgvt%{ob' tol,

met hyl gl ycosi de, al so di ethylen yco triethy etrat hyI ene
gl ycol , pdl yFnFH%NS ehdd@.ycol s, di but yl ene gl ycol, and poI ybut yl ene gl ycol s.
- 14- Isocyanate-reactive components useful for the production of
polyurethane foams in accordance with the present invention include: one
or more higher molecular weight components and one or more lower
molecular weight components. Examples of suitable isocyanate-reactive
20 components that have higher molecular weights include compounds such
as polyether polyols, polyester polyols, polycarbonate diols, polyhydric
polythioethers, polyacetals, aliphatic thiols, solids containing polyols
including graft polyols, polyisocyanate polyaddition polyols, polymer
polyols, PHD polyols and mixtures thereof, etc. Lower molecular weight
25 compounds include lower molecular weight polyether polyols and other
diols and triols, which may also be referred to as chain extenders and/or
crosslinkers.
Preferred polyols for inclusion in the isocyanate-reactive
component(s) used in the practice of the present invention include polyol

30  blends or mixtures of polyesters containing at least two hydroxyl groups,



The pol yesters may al so contai n carboxyl end groups. Polyesters of

| act ones, such as E -caprol actone, or hydroxycarboxylic acids, such as 6-
hydr oxycapoaoti/@medid, may al so be used. Preferred pol yesPem/ysedipobm®7s or the
use in the practice of the present 5invention are the polyesters of

| actones or the reaction products of i)13adipic acid and ii) |ow nol ecul ar
wei ght aliphatic diol conpounds. Mol ecular weights of these preferred

pol yesters arae o rultha@Ag admaieeliar WeafHtorftbih 360 1’1(5)999 iA Q&QﬂarPart icularly
preferred pol yester poll)éols for use 1n the practice o present

i nvention i nEPYEERHECPBHIRG BR™f BB bydraxy! Q"P}'Pi@p’hfeﬁablb/éh@ﬁﬂ ldrgrpounds
and (ii) | owarRbreUlap et ORtroA 35@&43@0@%@9@%? ?yes BOR] 2G0T age

nol ecul ar weights of these particul ar preferr ers are rom 350
to 700, prefdPgpe polyssteryarpgenasglinu Wle%'ﬂ@lnntp@lrgaiemralnem%scrl bed in U S

Patent s 4044 Q4o 4ta 4B TR dhoel b EA At beh. 8 faer <oy

i ncorporated b ence I'n"dccor dance venti on,
pol yet her s cenlyal portign af theepelyuretienegfenmsal |y from 2 to 8, preferably 3 to

6, hydroxyl group vi a er | ar wei ht of from 100

to 10, 000 of know%x g'e@?%ﬁ%see @ SR ‘E%ﬁa'aﬁsﬂﬂdf YeAEPUPFBCSEdG o

pr epar ed, foreaz:hamplr@dudns'of b@lylwﬂrwrﬁreféﬁiblmhpdn@mbﬁ@&\anwﬁﬁyo@@ et hyl ene
t et r ahydrof uran, “styrene oxi de,

i de, 20 | d
or opi chl or oRYARPR Wi PRBRIRGHE 3rd oihes et 8raieranby BBl o BF3. or by

chemi cal 1@ddcanb@nymfad.dwsvest@a@blfdemg tRPtre8 PRtHANIcARidY ?Y]rtﬁ )‘?Lsar% lic
successi vel Y, tO starti ng rrponent S havi ng reacti ve rogen tOfTB such

as al cohol s~ 8f ‘a'ntf‘ﬁé@"eﬁa?’éq'”g @PW@’!@'”@??@WO"@?WIWI@E?W of 1, 3) 250r
-(1,2), tri W&'a@oh@lﬁ%ﬂ&tur@s‘ﬂh&bgyﬂ g)&é Lfé'eBh’Sﬂ re@'é\ﬂ/ﬁ?%e aniline, ammonia

et hanol am ne or ethyl ene di am ne. Sucrose pol ch” have been
descri bed, fB?ly@%térﬁa|Qéth%pméah¢aﬂcmka,sisgd§baqu aqnd$\|esd/ouaréﬁhmaac acids1, 064, 938

ray 2150 b° RSP RE BRIt gt ULBEE BIBLRESD (O e
have an TH f acids inplude aliphatic.atyclosiphat®;, ataafrdat}mr afidoahéteradyclieasti 3. These
pol yet her poJ‘n%?'b% &Jb%ﬂtutté(cp,ifgra&eymplé,lv?/i-th halogen atoms and/or may be
unsaturated. Examples of suitable acids include: succinic acid, adipic acid,
suberic acid, azelaic acid, sebacic acid, trimellitic acid, tetrahydrophthalic
acid anhydride, hexahydrophthalic acid anhydride, endomethylene
20 tetrahydro phthalic acid anhydride, glutaric acid anhydride, maleic acid,
maleic acid anhydride, fumaric acid, dimeric and trimeric fatty acids, such
as oleic acid, optionally mixed with monomeric fatty acids. Suitable
polyhydric alcohols include: ethylene glycol, propylene glycol-(1 ,2) and -
(1,3), diol-(1,8), neopenty! glycol, cyclohexane dimethanol (1,4-bis-
25  hydroxymethylcyclohexane), 2-methyl-1,3-propane diol, glycerol,
trimethylolpropane, hexanetriol-(1,2,6) butane triol-(1,2,4),
trimethylolethane, pentaerythritol, cjuinitol, mannitol and sorbitol,
methylglycoside, also diethylene glycol, triethylene glycol, tetrathylene
glycol, polyethylene glycols, dibutylene glycol, and polybutylene glycols.



have an OH functionality of less than or equal to 8.0, and preferably |ess
than or equal to 6.0. The pol yether polyols of the invention may have an CH
functi onawvOt91vmegiing bet ween any conbi nati on of these mppars2angoiooner

val ues, inclusive, e.g. from2.0 to 8.0, and preferably from3.0 to 6.0. 5
The pol yether polyols useful in the prag.ice of the present invention
typically have an OH nunber of at |east 250, preferably at | east 300 and
most pr ef er abihe pélybaant m3gAsoTRaREnRALNIS, NES | BoplbsR d ypi cal ly have
an OH nunber of ?%gs t han gr eqét}gTT Po 75(%{)' prdepg;r%%l 50&8§%r?§§n or equal to
650 and ror e 'BFENES aWICh asesssaprpiactone cjlwdraxycatoxylihacips| suehhars-10 pol yol s
may have an dpé;@;lgg d KN conbi nati on of these upper and

| ower val ues,qs}i ncl usF(/oré(?Qéeibgﬁl&%?é(l)éfn@ggggq{o 750, preferably from 300 to 650,

and more pref er ablRrefarte @Syester E@ols for the uébtidﬂthegﬂsrabﬁ@éopﬂh@gﬁéé«ﬁi it is
possi bl e &0 i

; ethers wt nunbers between 14 and 56 to
i ncrease fl e%'ﬁ\gélrﬁllgﬁ yal?%h PRYSRES %@?é@ﬂﬁ%@r&e "ERCHPREProsuGs: 9frihadiBigns. On
those occasi @uid amkii) Ibvi raolesulae 0esgRYiphatitedisrnssmpoidsh vbledipdecul ar wei ght
pol yet her (s) adghetd | ess than 35% pref erablaol ess than 25% and
I

ld b
nost pr ef er alfl§} 3?3“%%&@@ JiedRPlvstefsars fromm &0 & 3800 muetarably of t he

pol yur et hane ffopa1800 RoRgOMiFRAtiEAASy PRiFSRedBYIyBLEP ngis.”f‘c\s} e fth% t he pol yol
conmponent 20use§,@| n_ the practice of the presént |Rv ntion are e

condensat i on PRRGEE S dhe pieseptiaventinn inriugaitae yeastionlpseducisidf 6f wi th ot her

gl ycol s, 10i canbyldcrl @sth i 1M Li:c 4a¢i ds or

am noal cohol ? The pr OduC??“é%%’f%g@@%%‘%ﬁqﬁ%&ﬁﬁaﬂ@ﬁah? Hg’?s, pol ythio

et her est er s C8MPRENYe-HYYMbenaverage arolesulataseighitspafidéseparnticulagy

co- conponent $refeREQ! r ot ai nj rethane or urea
groups and m?&? fi ggl) pépllég{nér?r%él}? Iﬁg@p%ggﬁ@%aqa Bg‘?a’%biy gé@t‘h%@@% or oil,

car bohydr at e§obester aplynisnarg delssobéxtinud 1 Faterits et 44047 aAd afede4@r esent

i nvention. | b of al kyl ene oxi des, .and phenyl /f or mal'dehyde
resins or oqu% i’)b/@g%@rreg%?%’ima Qﬁ’a}{ﬁfééy f“&mea@HWeref%n% are al so
30sui t abl® accor dimacdooddrive wittetrebemantéridn, pollthers contalfiy gsent ati ves
of these corr%ggggi whi ch Ir&gwl?%f used in the practice of the present
i nvention hav % LSRRI %185, RRlRfAbY 3ite SHhyrordigraepssandiol ume XVI
" Pol yur et hanbsvin@bmmwé%v@ﬁbem@mm%}ght?f \f/,%?ﬁ]ﬁé@:ié 1?@8@# sch,

ol unme I,

I nt ersci ence, Publ | shers, New York; London, , pages 32-42
and pages 44 7QVEYPEIHAY/EP KsEd M theip@yol bienrth T esamde prepated d8r 199, and in
Kunst st of f - HaxeHaplehby W b'(ﬂ?m\éhkat' i o ht.| - F_(ag!a - Ver |l ag,

Muni ch, ,1966, - for ex)é_ l'e, " on paglgoes 4% {0 1%U%E??§g{yllee or (Eés’e in the | ower
mol ecul weP'gRY'eas Rutyigne eede detrabydrafunar-stgmoeioxale; orponent  ar e

chai n ext endggishigrshvarRSSitH : I t]oecul ar i.ght conponent s
typically hgﬁse h_ydrgééjlz; ?ﬁ?’é?%%alp}ﬁ?égesre@%ﬁ rferxgmpié.l\%':?’oorépyo, nol ecul ar
wei ght s r angthenicaladdiion of these apoxides, mptibeally asngitogsigrom 250 to 1900.

Such | ow nol %Eeéivgﬁ,i t%%ar?iﬂ&%%nm%%tnsen{sylgv?r% }e&écﬂ\%/ %yg%greg)%(l)ms,

such as alcohols or amines, water, ethylene glycol, propylene glycol-(1,3)

25  or-(1,2), trimethylol propane, 4,4-dihydroxy diphenylpropane aniline,
ammonia ethanolamine or ethylene diamine. Sucrose polyethers which
have been described, for example in German Auslgeschrift Nos. 1,176,358
and 1,064,938 may also be used and are preferred. It is particularly
preferred to use polyethers with OH numbers above 200.

30 Typically, these polyether polyols have an OH functionality of at
least 2, and preferably at least 3. These polyether polyols also typically



i ities of at least 1.5 and preferably at |east 2.0. These |ow
g{ g(r:]ﬁlt :a?n\?vle: Eght conponents al so typically have a hydroxyl functional |_I_Ly of
| ess tharwonomgeadiito 4.0, and preferably I ess than or equals2e10/082903 The
pol yet her polyols of the invention may have an OH functionality ranging
bet ween any conbi nati on of these upper -a8d | ower val ues, inclusive, I e. gl.
20from 1.5 to 4.0, and preferably from2.0 to 3.0. The | ow nol ecul ar

wei ght conponbave ah\QH mﬂdtwnblﬁy%f Rk ekat af ed\ﬁ‘él%%si) %fndaﬁreﬁa‘?é‘l% Ie%%band
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Sﬁm ane- 123- thg Eﬁsultmgrf@amuu@ramosecdmaauoemmdahs ighecasiamp-thear t ed
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35% preferably less than 25%, and most preferably less than 15%, by
weight of the polyol portion of the polyurethane foams.

Polythioethers which may also be included in the polyol component

20  used in the practice of the present invention are the condensation products
obtained from thiodiglycol alone and/or with other glycols, dicarboxylic
acids, formaldehyde, aminocarboxylic acids or aminoalcohols. The
products obtained are polythio mixed ethers, polythio ether esters or
polythio ether ester amides, depending on the co-components.

25 Polyhydroxyl compounds already containing urethane or urea
groups and modified or unmodified natural polyols, such as castor oil,
carbohydrates or starch may also be used in the practice of the present
invention. Addition products of alkylene oxides and phenyl/formaldehyde

resins or of alkylene oxides and urea/formaldehyde resins are also
30 suitable according to the present invention.



Al so suitable are m xtures of the above chain extenders w th higher _
functional conpounds such as glycerol and/or trimethylol propane, 20provided
that the woenalds2fiunctionality of the mixture falls w trCThs2010903972d r ange
for chain extenders described herein. Any of the previously nentioned diols
that are disclosed herein as being suitagle for preparing polyesters are
al so suitable as chain extenders. Preferred chain extenders are diethyl ene

gl ycol and nixtur eRepffeséhtyﬁoeybmlswicbmp%ﬁhgé WhW%SQﬁeﬁLs’eé‘&gb 1he ¢

Sui tabl e crosslinking agents useful in the practice : _

i nvention i ncPiggHce 8 \RggeRiuRYerdionthavediern| delspritogd; er, exnm;?la,enhyt Ihr| to! »
gl ycerine anduighepdipmers, WRIGHLOI M lLBREY SERENR Uitk dinafggh Y ce"
and propyl ene oOxi de, 'ch are pref erred. = -187

i socyanat e- r ety Baveders @pdrfaischs iiterabieacé Bublistiers INew PQry:UldHddAne

' | ) | he practi f the present invention
ol udes: 3 2 JEREHS L3982 MR #4iet aRePaBes e Be e BRy bR pol yo
havi ng a 5f uneagesrfabnd § aofd 19&Mm9d,.dndtia @%tﬁ?ﬂ@d%@%@g@eﬁgﬁr glmi rz)ﬁa:?c
I g ' t roduct o |
éilsgér gggy},\ﬂc\g%ﬁ%g%éﬁﬁﬁ%”wg?r H5eh/ g Manishe 1 6,fef exampleopm) 20 to 40
parts by wei gidgesf45ato 7teast one hi ghly branched pol yet her pol yol having a

functionality of 0 .0 and an OH nunber of 250 to 750 (and is
pref erably p?/epar éi""@%’%aﬁb'ﬁ?I"hmen'@W§Um0&%”QirW%tgmGarum@am ofther ose and one

y : : : : rts b
Nl Ght of Bt Lo e B A e s SR oSl onal 1y of
from 2.0 to 2.hesglew smolesulauwsight semppoents typicallylEn@, hydroxy!
functionalities ranging from 1.5 to 4.0, molecular weights ranging from 62
to 450 and OH numbers ranging from 250 to 1900.
Such low molecular weight components typically have hydroxyl
15 functionalities of at least 1.5 and preferably at least 2.0. These low
molecular weight components also typically have a hydroxyl functionality
of less than or equal to 4.0, and preferably less than or equal to 3.0. The
polyether polyols of the invention may have an OH functionality ranging
‘between any combination of these upper and lower values, inclusive, e.g.
20 from 1.5 to 4.0, and preferably from 2.0 to 3.0.

The low molecular weight components typically have molecular
weights of at least 62 and preferably at least 100. These components also
typically have number average molecular weights of less than or equal to
450, and preferably less than or equal to 300. The chain extenders and/or

25  crosslinkers which may be used in the practice of the present invention
may have a molecular weight ranging between any combination of these
upper and lower values, inclusive, e.g. from 62 to 450, and preferably from
100 to 300.

These low molecular weight components typically have hydroxyl

30  numbers of at least 250 and preferably at least 350. These components

also typically have hydroxyl numbers of less than or equal to 1900, and



with the sumof the parts by weight of (a), (b) and (c) totaling 100 parts
by 20 wei ght of the isocyanate-reactive conponent. Wen using this

parti cul awoizeniopadiat e-reacti ve conponent to form a wat ePCiolusasopoloyiir et hane
conposition in the practice of the present invention, it is preferably
reacted with 80 to 160 parts by wei ght -ef- pol ynet hyl ene pol y(phenyl

| socyanate), an isocyanate group containing 25 prepol yner based on a

: : . NCO
| ymet hyl ene hesythd AR 1000 ThBIchal Efteh iS5 &Rk /d12vi g an
g(r)oﬁp co%tent pn?ér}g?lgm 25 tag 33% by wei (};ht; water 1n a sﬁaﬁdl Ci ent ampunt to
®

result in a nBQFHliRkeEnYsefyl ipithe pragtice WW@B?nﬁipvwmlgameaf/eam Aand t he
lid flame r MR e dif rafIXerg : - 19- .
;S)(r)eferred iso%cg?lgd&?@pr eact ?;?/ﬂegt"l(‘:%?ne)one(rFl‘té tgo bngﬁhgfé PSR IPRERE wi t h t he
present i nvenoWshVvalgaprinelusiveas.of from 230 too1 9D, @pdgfrefeadBly frén 850 &5) parts
by wei ght f fipgd east one polyester polyol having a functionality of 2.0 to
3.0 and an OH 5nunber of 160 to 320, and that is the reaction product of

one or nore pol yhySbme exbmples of sitahleaa iroext_ﬁﬁd@rsphélbéé:iéottrwlgiéhésagirdOt her

[ ' ' rres
Bnhyar des. orotals beyaRTngraPraeHel o T dBpnd 4 batamesial bPably 0 to 25)
parts by wei gieixaobdiai, o8 vetznerichol, YOK LRGN B  MACIHER b yn@! 11 O
pgr tS 1y5 to ut. 3. and ap- nunber of from about’ 14 to d%out 56; (c) O
? oogo parts bcg%éﬁ(amr°5¥m§{hyﬁgd§i°h8ﬁ%“?iizg'ﬁ‘ley‘%'r1a31§mn§dioyeii¢tbylepel yol
havi ng a 1Oungjlyaanatiethyledl glyddbiitatriefhyrRAd g?}’bo%dmé&?épégg.to 750 (and is

d
r ef er abl repared by al koxyl ati ng Sucrose or . of sucrose an
gne or m¥ep6§ﬁ8Py'§U?Q§ﬁ°§ tdprapylene ahieeb wetiropent glycols; dibutylene

glycol; tributylene glycol; polybutylene glycols: N-methyl-diethanolamine;
cyclohexane-dimethanol; 2-methyl-1,3-propanediol; and 2,2 4-trimethyl-
pentane-1,3- diol. Other suitable chain extenders are amine-started

15 polyethers such as the alkoxylation products of ethylenediamine,
toluenediamine, monoethanolamine, diethanolamine, and triethanolamine,
etc.

Also suitable are mixtures of the above chain extenders with higher
functional compounds such as glycerol and/or trimethylolpropane,

20 provided that the overall functionality of the mixture falls with the required
range for chain extenders described herein. Any of the previously
mentioned diols that are disclosed herein as being suitable for preparing
polyesters are also suitable as chain extenders. Preferred chain
extenders are diethylene glycol and mixtures of dipropylene with

25  tripropylene glycol.

Suitable crosslinking agents useful in the practiée of the present
“invention include compounds such as trimethylolpropane, pentaerythritol,
glycerine and the lower molecular weight polyethers formed from glycerine
and propylene oxide, which are preferred.



(d) fromO to 30 (preferably 10 to 25) parts by weight of one or nore chain
ext enders and/or one or nore crosslinking agents, 20 with the sum of the
parts by weightosedi1(a), (b), (c) and (d) totaling 100 pacraiskyiomeisght of

t he i socyanat e-reactive conponent. In this preferred

i socyanat e-reactive conponent, the pol yi&ster pol yol, conmponent (a),
preferably has a functionality of 2.0 to 3.0 and preferably has an OH
number of 160 to ¥A® isGbyangterymtivercopmoyeht GeoPICRE ih & preferabl y the
reaction pro hali.c acid a er e angd die Iene ycol

The pref erreg’%%rg‘fé‘?ﬁﬁ5°3p!81f%"'99{%a%@¥ rgdn g@n‘ﬂ@ﬁ@ oithp W‘Prsqrﬁl s
preferred ismm\mtuahmmml ve conponent, have a functionality of 1.8 to 3.5
and have an g@ei ﬁf 14 to 56. These pol yether polyols are -20-
preferably t P4 RAtsRICveght i gideastarenrivestes alyeldayinga hyl ene and

propyl enesoxi de functlonag?%f RORT £5163. PahY &hSH MR oF flofh §$t&sed as

conmponent (c) in this pr erred i socyanate-reactive conponen have a
functionality of 49Pcand whmcpqn@n;@earthmanmnemwctmo to 400. These

e R OLLoes (B €, BRELFIARL LIRS ABGhbRAicRIgauICt of & 1 xtire of

sucrose and wat er and/ or propylene gl'yc %II ene oxide. Preferred
chai n extenders amithor crosslinkers for corrponent (d) of the above

i socyanat e- reactl co cl.ude d et hyl ene glycol, 10 tripropyl ene
gl ycol, and gyl ce ﬁne %&gworé%{%s 8“5 ﬁ’ene oxi de. These chain extenders

and/ or cf®sskb)nkerd tq»ﬁéfpa@lﬁyywdagbleoffam@ést@ﬂ@Hl@hl?bré}fch%d%d]yfét@ero and OH
nunbers of 550 to 110() The L&lm? taé ant conponent includes: (i) a
mel ami ne coat ed aRAAIN ?jb%?ﬂﬁ &1 34 10, 8.9jand 3Pt sUMBAGOT#RA onal 1y,

(iii) one 15 or Nty BSOTELAY uswed@fab?rpréyé}éatw%|kJ>&ﬁatl??§tsi1Jcr6§8&eé or hydrates

i nclude, but are not limted um na tri hydrate, "nagnesi um conpounds
such as, magnesi um"ﬁy'i?r‘?fﬁl{?épsec%ﬂ%P%th%Qﬂ@é suii@bletstarterar i ous ant i mony
oxi des. Suitable é‘éﬁwbﬁ@rﬁws)OX' des are antinony pentaoxi de and anti nony

trioxide,
15 and

(©) 10 to 30 parts by weight of at least one chain extender having a
hydroxyl functionality of from 2.0 to 2.9 and an OH number of from

400 to 1900,
with the sum of the parts by weight of (a), (b) and (c) totaling 100 parts by

20  weight of the isocyanate-reactive component.

When using this particular isocyanate-reactive component to form a
water blown polyurethane composition in the practice of the present
invention, it is preferably reacted with 80 to 160 parts by weight of
polymethylene poly(pheny! isocyanate), an isocyanate group containing

25  prepolymer based on a polymethylene poly(phenyl isocyanate), or
mixtures thereof having an NCO group content of from 25 to 33% by
weight; water in a sufficient amount to result in a medium density (i.e. 10

to 30 pcf) polyurethane foam; and the solid flame retardant composition
described herein.



20l n accordance with the present invention, the wei gpt ragig (i)forr:al am ne
coated ammoni um pol yphosphate to zinc borate ranges from 3.0:1. o
1.0:3.0, WO&T)HV(EEdly 2.0:1.0 to 1.0:2.0. In addition, thecziuscolborare is
present in an amount such that the resultant polyurethane foam contains at
|l east 5% preferably at |east 6% by wei.ght of zinc borate. 25Wien the netal
oxi des and hydrates are optionally also present as part of the solid flane

r et ar dant corrponem?oréfaﬁem@yana@tﬂegémc&hg&béa@rt@gs JKggtese metal oxides

and hydrates ther ran om1.0:3 ition, the zinc
borat)é i's pre%%ﬁ?f qriFeapity EselidRVentian aamprisesul t ant pol yur et hane foam

f zinc
contains at |gast rief7ey @bdeg LE3565034 t 0
borate, with t©2e aﬁ)@r?'lt@ of t%lpé rﬁym ne co)g( f%fﬁ‘ﬁ‘ﬁ?ﬁg eI Yphat e
present as defi nedPAyrsier quwlé@&mﬁmtlmalhy bﬁ%Opo@s@ahdlan\@I?t;On ELgoe/t
lid fla retar rein.in anmpunts o rom oto

ngls thaanEO% pre@ ﬂ?@l{ leé%gw ﬁ\eig@ct'%‘?r@dﬁpte‘?fé?%?r about 20%
by wei ght, based dnorﬂmyfmdrmlgpholsaﬁVItb beefdrﬂiﬂ?erpﬂ*ﬁ}aéuéeuadscmtﬁépl ng
pol yur et hane foam Iuglb%‘ﬁl,f%g g?ﬁtegate i s known and desacrl bed as,
for exanple, as a RAVRASIS (é)f% 51 350 SPREsRONGIPPRCIds an I
i norgani c salt 10 avhygpkdespoocartaypondingl dtiastepsmoni a. The chemical fornul a
of APP is [NI?4 3] {j correi\ Bonds to the general structure: O Il HP -0
NH4 (131" 0|| if @nt@rpa% preferably 0 to 25) parts by weight of a polyether polyol

having a functionality of from about 1.5 to about 3 and an OH

number of from about 14 to about 56;

(¢ 0 to 30 parts by weight of at least one highly branched polyether

polyol having a functionality of 3.0 to 8.0 and an OH number of 250

to 750 (and is preferably prepared by alkoxylating sucrose or a

15 mixture of sucrose and one or more other suitable starter
compounds);
and \
(d) from 0 to 30 (preferably 10 to 25) parts by weight of one or more
chain extenders and/or one or more crosslinking agents,
20  with the sum of the parts by weight of (@), (b), (c) and (d) totaling 100 parts
by weight of the isocyanate-reactive component.

In this preferred isocyanate-reactive component, the polyester
polyol, component (a), preferably has a functionality of 2.0 to 3.0 and
preferably has an OH number of 160 to 320. This polyester polybl

25 component is preferably the reaction product of phthalic acid anhydride
and diethylene glycol.

The preferred polyether polyols to be used as component (b) in this
preferred isocyanate-reactive component, have a functionality of 1.8 to 3.5
and have an OH number of 14 to 56. These polyether polyols are



NHANH4 15 APP is a stable, non-volatile conmpound. The

Mel am ne-coated APP required for the practice of the present invention may
be preparwo 2by/mesa1of the techni ques known to those ski PCe@Seonoob®7art. One
such technique is disclosed in U S. Patent 5,945,467. Ml anm ne-coated APP
is conmercially available fromd ari anpgunder the 20 nanme Exolit AP-462,
fromJLS Chem cals under the designation APP-101, from Ferro-Pl ast under

t he nanme Fer Hedtbaymy i p(glfe%, j :ﬁ}@eé - ER CR?S C 30 and
40, and fro% Shi fa\ﬁﬁgéhggﬁtégfiﬁ?dggem hfér@e . unﬂﬁgs{éﬁ%@'f*aﬁﬂ‘ on CF
APP202. - 22Ppropylene og.t abl e zi nc borates to be used as conponent (ii) of
the solid flanme r r | t oL responding to t ener al

cheni cal fornul aeﬁ‘ﬁ%gﬁ%@&@%ﬁy@&%p@g@ﬁ%@%%g ?%ﬁ?&pofzﬂg@%?@?

47n0- 13203H20refetred isBoyinate reattiveadaspaent deaveed fiinatibiyaly af 4 abbe from Ri o
Ti nt o Bor ax nder _t tradena i,r e(r). It is preferred that the
flame ret rdgﬂa h@&%ﬁP!@é"ﬁ‘ r gﬁéﬁ&?ﬁbgﬁéﬁﬁﬁ?'whgue yelgaret he resul tant
pol yur et hane pfefarablyotheabactio prodast of 2mixplirel sFisablasel dRMvStet ande by wei ght
zinc borate. n addition, the solid flanme retardant conponent can

| .
optional Iy cBrPYiereRlyeq! aBQiRﬂ%@ﬂe’ﬂﬁ exideanpl y al umina trihydrate. 10in
accordance W th t PRfEir&€§ eRhini EX¥EHEro Bnd/oh eroxglih Ir%f@r%n‘i&{)r@n@fdgtofcom alns

(i) melam ne coated ammoni um pol yphosphat e and ) zinc bora I'n a wei ght
rati o of frofeRkpve igogyanatepreactve gempenan ipclidedisthyene glycol, 1. 0: 2. 0. I n

addi tionqg i i | iZ] o [ suf ficient
quantity %ucﬁ%@léﬁgmﬂggw 32{38857'3% %9‘2@%3\?@ é@gﬂéﬁéﬁg g‘lenih%e 15 | east 5%
by wei ght of chain@xismderseand/or crosylinkers preferablychdvesfomcticrtaditiesot 2.8l so

i ncl udes (i iic)?».@%d%Hrmfn‘?b §°?§8@E<i>ﬁﬁ§?-or hydrates, this conponent is

typically present 1'n an anpu the weight ratio of zinc borate to

netal oxide or hythaselid #argesetardzmt 3ofpbdnent inclid8s: i) mensmipeef erably from
2.0. Ther al so contain at

Ceast 5% antBRAPIMIET PR RIRSERg, T\ HRchoTRte. arozmensbh 46konane
ammoni umol gphospinetat oxRieBrd$Fatates Fhedmar] bkidedor P8t Holdgescr i bed.
but are not limited to, alumina trihydrate, magnesium compounds such as,
magnesium hydroxide, calcium hydroxide, and the various antimony
oxides. Suitable antimony oxides are antimony pentaoxide and antimony
trioxide.

20 In accordance with the present invention, the weight ratio of
melamine coated ammonium polyphosphate to zinc borate ranges from
3.0:1.0 to 1.0:3.0, preferably 2.0:1.0 to 1.0:2.0. In additioh, the zinc borate
is present in an amount such that the resultant polyurethane foam contains
at least 5%, preferably at least 6% by weight of zinc borate.

25 When the metal oxides and hydrates are optionally also present as
part of the solid flame retardant component, the weight ratios of zinc
borate to these metal oxides and hydrates thereof, range from 1.0:3.0 to
3.0:1.0. In addition, the zinc borate is present in an amount such that the

resultant polyurethane foam contains at least 5%, preferably at least 6%



Alumina trihydrate is a preferred conmpound to be used as conponent (iii) of
the solid flame retardant conponent. When alum na 25tri hydrate is present
as part obotha/wsediid flame retardant, it is preferably pcedaseaicionesan anount
such that the weight ratio of zinc borate to alum na trihydrate ranges from
3.0:1.0 to 1.0:3.0, and nore preferablypfrom2.0:1.0 to 1.0:2.0. As

previ ously discussed, the pol yurethane foans produced in accordance wth
the present lW%@mbfﬁlﬂab@kﬁe%ltﬁWémé%tof‘tﬁémé?ﬁr‘?urf'erg@ai¥ at |east 6% by
wei ght of. zinc borate. Al so he quantit anmoni um pol yphosphate is as
defined above®Mmonium pRlyphasphaia presest esidefined aheve.et ar dant may optionally
contain other soli r clic h hate and
phosphonat e 5ester|§ éccgﬁ'?érn ggt(\:lﬁh\cjtgg?es%#ﬁ&@@t%ﬁ&éﬁ%%n@ﬁsw&rgga ﬁvt?ng

functi onal i t | ¥ typieallyeysechhgrein ioramounds of from 10% talessthawBab, enbodi ment ,

the present | I ane retardants.
The |pl qui g flé;%rrgé?%ltsal? gg %d@slaéf%@/a (hgﬁ n%(a@% %téoclgfzta[) gyﬂ‘feé%"gnt i nventi on
may or may nchasedrurm@i)%wlyogaghmmhsﬂa&@LreCﬂmﬁlntf-écﬁimnf tgiglaginanknown to
those skille i} the art can be and nost often are used to reduce viscosity
in systens t h3t luse solid flame retardants. Al t hough they reduce viscosity
of the pol yol portAmmohmmepsgphaéwat@& IR P4 RE B8 S M s, tfé}ee&%rﬁé”et hane,

t hey do not |rrprgve but rath al so decrease the inpact resistancé of the

resul ting pol3P# ERRgAe@rdayy E‘"P?'dwﬂcpoﬂymph@ﬂea(ﬂﬁ%tls patrorganis sattef ul in
the practioce dpolypRoBbivsHRkcié BHEBMBNA! Fnd BAYAIdNrdrlifPLf apBYd ar e
commercially aval lable. Useful Tiquid flame retardants 1 nclude but are not
limited to PH¥H4PBRloandicerresnondste 8ie wnartalsteuctoepor ati on (or the

equi val ent Et hyl Corporation product RB-79), tris(chloropropyl) phosphate
(Fyrol (r) PCF, available from 20Supresta Chem cal), tris(chloroethyl)
phosphate (Fyrol (r) CEF, available from Supresta Chem cal),

tris(1, 3-dichloro-1-propyl) php hat e ( Fyrol (r) 38, available from Supresta
Chem cal ), tris(2,3-dich¥oro-1} pfopyl) osphate (Fyrol (r) FR-2, avail able
from Supresta Chem cal)tﬁtri et ﬁ phosjp ebte (Fyrol (r) TEP availl abI e from

Supresta Chemi cal), AnHPo-I—a—sz(-HP-SG—o +akbhe---
o) i O n o
NH, NH, NH,

15 APPis a stable, non-volatile compound.
The Melamine-coated APP required for the practice of the present

invention may be prepared by any of the techniques known to those skilled
in the art. One such technique is disclosed in U.S. Patent 5,945,467.
Melamine-coated APP is commercially available from Clariant under the

20 name Exolit AP-462, from JLS Chemicals under the designation APP-101,
from Ferro-Plast under the name FerroFlam APP203, from Buddenheim
under the names FR CROS C 30 and C40, and from Shifang Chengfang
Chem Co. Ltd. under the designation CF APP202.



25 from Al bemarl e, Antiblaze(r) 500, available from Al bemarle, |1x10 B-251
and I xol (r) 350, both avail able from Sol vay-fluor, and di net hyl net hyl
phosphonawe.2011/062611Qt her potential additives and auxil i &CY/isQ&nt08297® be

i ncluded in the pol yurethane foam conpositions used in the practice of the
present 30i nvention include: catalyst s,_2§_urface- active additives such as
enul sifiers -24- and foam stabilizers, as well as, known internal nold

rel ease agents, pigy : I tors,. plasticizers, dyes, fillers and
rei nforcing agent sgs'uchéggggqoéasseg%b?ﬁgeg&Srﬁo&'p%%ﬁ@ OSFh%/?%ﬂQef?”?ﬁ car bon
fibers. Pol yvietgrdaghinoluddehose cartraspondingrto ahe genérd chémizafl folrrlnﬁfae: 553%‘
exanpl es of sidtable~C Y tertia am ne catal ysts an

or ganonet al | |#i§%§g?§§£€bégzﬂoe%?€gk|b$ gﬂéé@?@wﬁ%@n@pﬁh@i c _

cat al ysts i noétod8uch zihc &opdtes @re EGARRITERA) éi/éila%fém&%rﬁiig ThtolBdtax! €ad, iron,
bi smut h, so suitable are heat-activated amne salts as

rcury, .etc. Al ,
cat al yst STQ‘E’EThu ri“?\%f’ﬂﬁ%“%? ﬁ'rﬁpf%‘ﬁﬁ- !”ds Brfedrd tratite flamei retardatani nes. |t
is preferred dompiaR Af@borfd m/g]hgtgﬂgglg@@h #utltSe %L@?B%éfliﬁ%’ch%@e anmount of

catal yst used in the practice o resent inventiron I hat which is
convent i onal |'9afsetains atileast §%: ereferablefromr6 tond 58 dytweighbziho bakmet 5% by
wei ght. That react)j@QqgkibREtH iHGAL{d ed.in the process of the
present invention whil e'bt_heHeZsr?@Hg%hI)éf r(égé;r{dgﬁ’g/écﬁﬂ#?ﬁ%ﬁr“&ga olpﬁo%ﬁl&[ he

pol yur et hane 90543t Mestal oxides, prefeeabils aluotina tritydested i s consi dered surpri sing

and was expecte ml | sifiers an oam st abilizers

i ncl ude: qpl- s?earyﬁr&l‘afﬁ?rygpgé-(mrtﬁg g%ﬁ%?'ﬁ\)'?@g?n'56%%'%&?’98)@@( tene ani de,
stearyl di et wantding(ij nhe]arhisesmawdyémdio@idrg}pohqpam;mteggbxmxjﬁé hylhege gl ycol
nonol eate, a rvithrit.ol /adi pj iid/-oleic acid ester, a r oxy
ethyl im dazoq%g&ggrﬁ .%3&‘%('96%@&!? °8?fgﬂgé-§éﬁ§,t0 1% -QaPiafeigPbpiee?e0:dikie ne and
the sodi um sdl.0:2.00fn adgition, inithis BMBIMAEAS tE ZiAE HordtbYs Brdsdnt il kal i netal
or ammoni um sahts ?f su{s&oni c acid such as dodecyl benzene sulfonic acid or
di napht hyl nSEHSHRET GHRRUYSech dhat the fesultapt pelyyrpthanedoarmagoriainastd as

surface- a6t i Veas2@eh by WeSght &9 2hctilthe, f oam st abi lizers al so include
pol yet her siloxanes. The structure of these conpounds is generally such

that a copol ymer YYhest e solid flamaieetardanialep jnabudesdiii) voeics ragreansiatl to a
gg{ )églt m23t %'4 o%igi?@b@'ﬁ?dfa@é’é,%@ig-co%ﬁeﬁpé%ﬁif:ﬁw blegEhS are described in US.
’ in ‘an amount such that the weight ratio of zinc borate to metal oxide or
hydrate ranges from 3.0:1.0 to 1.0:3.0, and preferably from 2.0:1.0 to
20 1.0:2.0. The resultant polyurethane foams will also contain at least 5%,
and preferably at least 6%, by weight of zinc borate. The ammonium
polyphosphate is present in a quantity as previously described.
Alumina trihydrate is a preferred compound to be used as
component (iii) of the solid flame retardant component. When alumina
25 trihydrate is present as part of the solid flame retardant, it is preferably
present in an amount such that the weight ratio of zinc borate to alumina
trihydrate ranges from 3.0:1.0 to 1.0:3.0, and more preferably from 2.0:1.0
to 1.0:2.0. As previously discussed, the polyurethane foams produced in
accordance with the present invention contain at least 5%,



with the present invention, the various additives and
ggaﬁi?loirg?;(::gents, as \R/ell as liquid flame retardants and/or polyvi nyIh
chl ori de wanohesadded to either the isocyanate-reactivePCOyseneny2oes t te
-25- pol yurethane foam formng reactive mxture, and/or, if these do no
contain i socyanate-reactive groups, theyzan be added to the -
| socyanat econponent of the pol yurethane foamform ng reactive mé u:g
Coviously, thamefeasisly at least 6%y Weight AR orald W 1id rg(%g ent's to the
and/ or pol yvi 5 chloride may al so be added as separafe ! ne
pol yur et hane f%%[HPF'&mrPﬂ'gp*ﬁ%%ﬁtwaﬁ%meéabm pol yur et hane foam

conposi tions produgeddiifioACHRHAEFSmY e rBQﬁt Ray'S §P§%ad%§ﬁiﬁ onmay be

nol ded usi ng conventional processing tec gues’ a exes

rangi ng from &Rt {lame f?t?rd%swﬁbfaérvabbys !I;Y)clirchOsﬂ:BQtetahdl;a%s hiBthet erm
" sgc gnatg | Rdesrs 4l 29 Tgﬂgl Nefi€l Eggh " INCO | P , .1 s defined
herelﬁ as the eqwsval ent gﬁ\% | oc(?/ana g %ﬁp@@ sof)’/a"["l’ﬂa Ltn&t'ama't!'&al val ents
of i socyanat egreaiet ihae thgmuregen cont ai ni ng ma]t erials, mul 'éll pIn![ gdab>1l5r1r8?d

r terlas are poured i
I(go?ni (r)]}og(r:ltggl ?nfgﬂfﬁﬁgﬁo‘%%ﬁ ”%ﬂg ea'Pré':‘S%‘i 'P&%’P@f\‘f@ﬁYﬁﬂdﬁl@leilmg in ggen
mol ds are nor rainpyise liquiddlaete astardayitsh v gum fﬁm@mtébealnﬁ%%{fuﬂﬁ g&ée e and

h I d ld (typl
Che process obERIERaT MR RSPRLE-SUIVUPEY REMEYInskNiahelbbes atdos | oam
for m ng, ctpokiauicame oetardarts kabl 16 1oRa IR iFyfPhNNERLIANE fagm for i ng

nol d, cl oses the tion to
(r:gg&(:)m :[alngnr Ie%o gpet'ﬁ r&QHC%MlsﬁiW"é/t'ﬁéNétehmﬂmt usersoliteflarneéd. Suit abl e

i nf ormation i retarelafts. KitHRIgAABY r%@'%éc@@ﬁ*oﬁﬁgt%ﬁyﬁ pgpg%cgst]’o eda%gg:c Ceir ﬁ g(rjres

d uses, etc e known by those skill
'?Eat ut he f reeh?”é'@gcfé}ﬁ’sqrf)?e%ﬁ'ng ohieipolynsethann, Biegmid A ippfove but

rather also decrease the impact resistance of the resulting polyurethanes.

15 The liquid flame retardant materials useful in the practice of the
present invention are known in the art, and are commercially available.
Useful liquid flame retardants include but are not limited to PHT-4 DIOL,
available from Chemtura Corporation (or the equivalent Ethyl Corporation
product RB-79), tris(chloropropyl) phosphate (Fyrol® PCF, available from

20  Supresta Chemical), tris(chloroethyl) phosphate (Fyrol® CEF, available
from Supresta Chemical), tris(1,3-dichloro-1-propyl) phosphate (Fyrol® 38,
available from Supresta Chemical), tris(2,3-dichloro-1-propyl) phosphate.
(Fyrol® FR-2, available from Supresta Chemical), triethyl phosphate
(Fyrol® TEP available from Supresta Chemical), Antiblaze® 80, available

25 from Albemarle, Antiblaze® 500, available from Albemarle, Ixol® B-251
and Ixol® 350, both available from Solvay-fluor, and dimethylmethyl
phosphonate.

Other potential additives and auxiliary agents to be included in the
polyurethane foam compositions used in the practice of the present

30 invention include: catalysts, surface-active additives such as emulsifiers



(pounds per cubic foot) and that the nolded density of the foans is between
12 and 24 pcf. It is also possible, but less preferred, to use a

traditi omsib2RiM62611  process or other closed nold processTius2poepzre nol ded
parts fromthe 30 pol yurethane foam form ng conpositions described herein.

- 26- The followi ng exanples furtiss illustrate details for the
preparation and use of the conpositions of this invention. The invention,

which is set dnarfolm stabnhﬁeré%@%ll@@ RihGven Pievn@l mokd RMadeladiintd i M ted eit her

rit or scope hese exa Those skilled in the art will readily
:sz:lrmstand t g gmﬁ g@\,qugéﬂ %ﬁsr %t'@Fe@hQY%ﬁH?ﬁsl%Teﬁﬁﬁfcmgmﬁ%s of the

following pr ehan akigigssinaRe wiess ARl BPMRA QB TRBLS BiARn 0RO L ons.

Unl ess otherwi se noted, all tenperatures are degrees and all
parts and peF@MP&d@%szé R?a'ﬂ@@fpbyatﬁélagmﬂlﬁﬁd per cent ages by wei ght,

T bstrat o but xer orlss o suletiaRaghRk hAUBRIGRRY duibki oo A
quantities guoataiystﬁ anéﬁfg@'ormt_?_lhbpatatﬁtmssnomeexam?d;fcmmgrate)buts)g blynvvte;]ght
o et SR e TR AR S ol
(i.e. a pol ydf tn| Hyaérieorgijsmlllthphtelntajry,taf%mb\@iltagﬁﬂérfgf&agﬁgy%ﬁf CE) %aﬁgdo?
RX?{ el d. " BTIE SefE RS kB Thga e ide Hplhelipate fng remats it nor
pol yol hagi n@naneOHt riwpﬂeeérré& to&h&@lﬁeai%cﬂ%tlé@é/nﬁlné@gl@ag%ﬁlé@tsf‘l‘ﬂét ionality
of about 3 ( %Pn%g 8# cataK/st used in the practice of the present invention is that
which is conventionally used in such systems, i.e., from about 0.05 to
about 5% by weight. That reaction time is significantly reduced in the
process of the present invention while the amount of catalyst included in
15 the polyurethane foam-forming mixture is not increased is considered
surprising and was unexpected.
Examples of emulsifiers and foam stabilizers include: N-stearyl-
N',N'-bis-hydroxyethyl urea, oleyl polyoxyethylene amide, stearyl diethanol
amide, isostearyl diethanol-amide, polyoxyethylene glycol monoleate, a
20  pentaerythritol/adipic acid/-oleic acid ester, a hydroxy ethyl imidazole
derivative of oleic acid, N-stearyl propylene diamine and the sodium salts
of castor oil sulfonates or of fatty acids. Alkali metal or ammonium salts of
| sulfonic acid such as dodecy! benzene sulfonic acid or dinaphthyl methane
sulfonic acid and also fatty acids may be used as surface-active additives.
25 Suitable foam stabilizers also include polyether siloxanes. The
structure of these compounds is generally such that a copolymer of
ethylene oxide and propylene oxide is attached to a polydimethyi siloxane
radical. Such foam stabilizers are described in U.S. Patent 2,764,565.
In accordance with the present invention, the various additives and
30 auxiliary agents, as well as liquid flame retardants and/or polyviny! chloride

can be added to either the isocyanate-reactive component of the



avail abl e from Bayer Material Sci ence as Hyperlite E-824). POLYOL
C:diethylene glycol. -27- POLYOL D:pol ypropyl ene glycol with a

functi onawvOtg1iafe26imo and OH nunber of about 425 (com‘rerecaimsyommmgbabl e
from Bayer Material Sci ence as Arcol Polyol PPG 425). 5 SURFACTANT: a

pol yal kyl ene oxi de nethyl siloxane copets.rer commercially available from
Air Products and Chem cals of Allentown, PA as Dabco(r) DC- 198

COVPATI Bl LI ZERIyiretirazedbamifopnipguehctivie Mixbird m/t}v,liﬂhteg 8ot LORiaRM Ne with

i
tall oil. CATALYST A an acid bl ocked am ne bl ow ng catalyst, conmercially

avai | abl e f r JPMEREH TRACUER SF TR HISY qRBtRe added torthalispayanatdy as Ni ax(r)
A-107. 15 CATAn¥Sohdht 8t 'a¥&bﬂfaﬁ%¢o&wfaﬁnﬂ§'rleégﬂ,sf@kgdy%?{@vgo@g&frCI ally

ilable from Monentive Performance MateriaFs 0 _ ax(r)
2@77? | SocYAR@SE2dditvesn @uxiliaty pasnfsndiauis fiarn@yétardants aptenpblybyl

) - 9 i ght
Ceommer 3 APATARP SOER S Ephipl Mnbbithe sl BolS e
RETARDANT A: feaméquaingweaive mbdrer e of aumina trihydrate, commerciall b(r)
g‘éa' labl e from Hukgr mrgﬁ)%rngqoam Compositions produced in accordance with
the present invention may be molded using conventional processing
techniques at isocyanate indexes ranging from about 90 to 150 (preferably
10 from 100 to 130). The term "Isocyanate Index" (also commonly referred to
as "NCO index"), is defined herein as the equivalents of isocyanate,
divided by the total equivalents of isocyanate-reactive hydrogen containing
materials, multiplied by 100.
In an open mold process, the reacting materials are poured into a
15 mold (not injected into the mold). The materials suitable for processing in
open molds are normally characterized by having a slightly longer gel time
and curing time than those used in the closed mold (typical RIM)
processes.
In the process of preparing molded polyurethane foams from these
20 foam forming compositions, one typically introduces a polyurethane foam
forming composition into an open mold, closes the mold, allows the
composition to react, and removes the molded polyurethane foam from
the mold. Suitable information in terms of relevant conditions, suitable
molds, demold times, end uses, etc. are known by those skilled in the art.
25 ltis preferred that the free rise density of foam is between 8 and 20 pcf
(pounds per cubic foot) and that the molded density of the foams is
between 12 and 24 pcf.
It is also possible, but less preferred, to use a traditional RIM
process or other closed mold process to prepare molded parts from the
30  polyurethane foam forming compositions described herein.



122, zinc borate, comercially available fromU. S. Borax, Inc.of Valencia,
CA, as Firebreak(r) ZB, and amoni um pol yphosphate, -28- comercially
avai | abl ewbromvasedg1Chem cal s of Ponobna, CA, as APP. FLARETREIAROANTS B: an
equal weight mxture of alumna trihyd rate, commercially available from
Huber Engi neered 5Materials of Atlanta,,GA as Hubercarb(r) SB 122, zinc
borate, commercially available fromU. S~ Borax, Inc.of Valencia, CA as

Firebreak(r) ZB, | anl ne_coat e ni,um pol yphosphate, comercially
avai l abl e from 10?ﬁgf N8 S*amy esﬁ@ﬁﬁ%ﬁ{ﬂum eé@t%\g&”l € PIEPART: Br own
i ron oxide piapdesse,of tiesrgempbsitibls af thid iabéﬁticfrf.mﬁle%@érﬂioﬁobvgfchlig‘éet of Vest

371-2B. .15 A mixture of 55.68 parts POLYOL A, 20.87

Chi cago, IL as,DPU B 99 . : -
parts POLYOL?%T*‘ T&hﬁémﬁaf’t@ Pegigeyreds not 3abg dimited gither in spirt graacope

COVPATI BI LI ZBR thdsbeRithpies SHITACHNEE in3he 3Rl b parts
CATALYST A, 1?3 parts TALYST B, andmO. 65 part?@?@b@e %‘?éﬁagti rred

vi gorousl y f 6POWD VaTiatienssof thg copditipne aad waecessee of 8% followmgof FLAMVE

RETARDANT A eﬁﬂ% i i i vigorously for
anot her 15 m%%rt%ergﬂ 0 tC %g‘?rg?ec)r%h;g eglgsrﬁegb ﬁ?rggéﬂfe l’}g%%é %@%‘ggﬁﬁﬂﬁi wer e added
102 parts i sbljessatbervieinoied; alf tamperdtires arendegress gahtdreit andpals hot

met hods, whi I il in the art: In the |laboratory,
t he conbi nedf)rgggg gﬁ%@&%&@esﬁ%ﬁ@kﬁ&wg%@; FP@ Qarcfegﬁa%esg%}'c‘ﬁﬁ@bgunder hi gh
25 shear andrespeictivalyreacti ve states were recorded. On a Krauss- Maff ei
reacti on1bnj ection nol di ng machi ne the conponents (polyol blend heated to
100 F and i socyanate heated to 88 F) were conbined in an inpi ngenent

m xhead with pressures of both streEXAMPLESOUt 2000 psi. Again the sane
reacti ve states \é\i{}e recorded. Parts were considered to -29- be cured when

they could be remdUREB™IHHNENHLN (SHegPeblvgratad, byt imneHee ited.ni ng and/ or
wi thout cont bjptheBIlbRirRA@Mbles. All quantities given in "parts" and "percents" are

understood to be by weight, unless otherwise indicated.

15 The following components were used in the working examples:

POLYOL A: an aromatic polyester polyol (i.e. a
polydiethylene glycol phthalate having a
functionality of two and a hydroxyl number of

20 about 190 (commercially available from Stepan
Company of Northfield, IL as Stepanpol PS-
1922A).

POLYOL B: a glycerine-initiated polyether polyol having an
25 OH number of about 36 mg KOH/g and a
nominal functionality of about 3 (commercially
available from Bayer MaterialScience as
Hyperlite E-824).

POLYOL C: diethylene glycol.



[ [ | e bel ow.
The properties of the foans thus produced are reported in the Tab
5TABEE Flame Retardant M xture FLAME RETARDANT A FLAME RETARDANT B
Labor at orwOReslt06261Cr eam (seconds) 30 23 String Cel (secentd)S2@0/04073ack

Free (seconds)
-27-

POLYOL D: polypropylene glycol with a functionality of two
and OH number of about 425 (commercially
available from Bayer MaterialScience as Arcol
Polyol PPG-425).

5 SURFACTANT: a polyalkylene oxide methyl siloxane copolymer

commercially available from Air Products and
Chemicals of Allentown, PA as Dabco® DC-

198
COMPATIBILIZER: the reaction product of N,N-dimethylpropylene
10 diamine with tall oil.
CATALYSTA: an acid blocked amine blowing catalyst,

commercially available from Momentive
Performance Materials of Albany, NY as Niax®
A-107.

15 CATALYST B: an acid blocked amine gelling catalyst,
commercially available from Momentive
Performance Materials of Albany, NY as Niax®
A-577.

ISOCYANATE A: a modified polymeric methylene (diphenyl
20 diisocyanate) having an NCO group content of

about 30.4% by weight (commercially available
from Bayer MaterialScience as Mondur 1515).

FLAME RETARDANT A: an equal weight mixture of alumina trihydrate,
commercially available from Huber Engineered
25 : Materials of Atlanta, GA, as Hubercarb® SB

122, zinc borate, commercially available from

U.S. Borax, Inc.of Valencia, CA, as Firebreak®
ZB, and ammonium polyphosphate,



64 42 End of Rise (seconds) 75 48 R M Machi ne Test Cream (seconds) 20 12

String Cel

(seconds) 41 23 Tack Free (seconds) 43 25 End of Rise (seconds)

PCT/US2010/002973
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-28-

commercially available from JLS Chemicals of
Pomona, CA, as APP.

FLAME RETARDANT B: an equal weight mixture of alumina trihydrate,
commercially available from Huber Engineered
Materials of Atlanta, GA, as Hubercarb® SB
122, zinc borate, commercially available from

U.S. Borax, Inc.of Valencia, CA, as Firebreak®
ZB, and melamine coated ammonium
polyphosphate, commercially available from
JLS Chemicals of Pomona, CA, as APP-101.

PIGMENT: Brown iron oxide pigment, commercially
available from Ricon Color Inc.. of West
Chicago, IL as DPU-B2371-2B.

A mixture of 55.68 parts POLYOL A, 20.87 parts POLYOL B, 19.26 parts
POLYOL C, 0.23 parts water, 1.0 parts COMPATIBILIZER, 1.5 parts
SURFACTANT, 3.29 parts POLYOL D, 0.10 parts CATALYST A, 1.3 parts
CATALYST B, and 0.65 parts PIGMENT were stirred vigorously for 30
minutes. To the blend was added 55 parts of FLAME RETARDANT A or B
and the mixtures were again agitated vigorously for another 15 minutes.
To the blends containing flame retardants were added 102 parts
isocyanate. Reactivity was determined using these cup shot methods,
which are known to those skilled in the art: In the laboratory, the
combined reactants both at 77 °F were stirred for 5 seconds under high
shear and various reactive states were recorded. On a Krauss-Maffei
reaction injection molding machine the components (polyol blend heated
to 100 °F and isocyanate heated to 88 °F) were combined in an
impingement mixhead with pressures of both streams at about 2000 psi.

Again the same reactive states were recorded. Parts were considered to



30 Cure tine (mnutes) 5.5 3.0 As can be seen by conparing the cure
time (anmount of time prior to renoving from 140 F nolds) of the nelam ne
coat ed anworzoumep@ll yphosphat e- cont ai ni ng conposi ti on t oPCmaSe@n/eat ed
ammoni um 10pol yphosphat e- cont ai ni ng conposition, a surprising 45% decrease
in processing tine was realized. This c&g-anmount to al nost a doubling of
-30- production capacity by a sinple change in one of the flane retardant
conponent s, abeesmed whbattheyasouitbRIreioned fdth Rioldl GRbitdd fo' 140VeF) Test

shingl es were et%al{.l ted b§ th%a,rUL 790 gUnde_rwri ters Laboratori gs St andar d)
test protocol a8 SUIAINY anA&RWithays contiingtajexniandwer e const ruct ed usi ng
this protocol vm'th.l_éhi n lerﬁ magtg] fromboth of the rigid foam fornul ati ons.
A | ayer of VersaShi'Bf 8'¢RSTVeS PEErJPams thisopriogyces aee fepprieddetienalleai | abl e
from El k Buil gelg. Products, a subsidiary of GAF Materials Corp., Wayne, NJ)
was applied directly to the plywod prior to attaching the shingles. A
second | aygr (interplay) of VersaShielthgygs 10 applied on the section of
shingle that woul d be covered by the next course of shingles for each

r ot

llayer. Both pf Fieme)REtardarDT a] FEAME RETARBANT | W LSt Ags.
The foregoi ng examupaupd the present inyentron a eLo g?%'af ' P”We pur pose
of illustratjonh-and not limtatjon |t will be apparent to t hose skijlled

15i n the art|taRerateey Besfodi ment s described herei h may be rodified or
revised in Vg_Li ous_ways w thout!| departing fromthge spirit and scope|of the

i nvention. ThEreamecendshe i nvention i 80to be mehsured by3 he appended
cl ai ns.

String Gel (seconds) 60 40
Tack Free (seconds) 64 42
End of Rise (seconds) 75 48

RIM Machine Test

Cream (seconds) 20 12
String Gel (seconds) 41 23
Tack Free (seconds) 43 4‘ 25
End of Rise (seconds) 60 30
Cure time (minutes) 5.5 3.0

As can be seen by comparing the cure time (amount of time prior to
removing from 140 °F molds) of the melamine coated ammonium
polyphosphate-containing composition to the non-coated ammonium

10  polyphosphate-containing composition, a surprising 45% decrease in
processing time was realized. This can amount to almost a doubling of



20 -31- WHAT IS CLAIMED I S: 1. A process for the production of
fire-resistant, nolded, nediumdensity pol yurethane foam conpri sing:

a) i ntroduwsongiimweaia nold a conposition conprising: 5(1p6@/useo®@opasts by
wei ght of a pol yurethane foamform ng reactive mxture, (2)10 to 50 parts
by wei ght of solid flanme retardant conmp8@-sing (Oa nel am ne coated amoni um
pol yphosphate, (ii) zinc borate, 10and, optionally, (iii) one or nore

met al oxi des wpdhgtitmedapmcity By @adimpiectamyerih Dneusthhd Nahe (rQdriigntwei ght ratio
of anmoni um p zinc borate ran from3:1 to 1:3; and 15 (B)

t he pol yur et h%%‘%%% h%:%&h Q}Ptmqu@mg@nggg{eﬁwiﬁy wei ght, based on
ntroduced it ot ESEaNAGES Wereevehah By fieUlagobirdanyites pol yur et hane
f oam and Laboratories Standard) test protocol also known as ASTM E108. Test
5  decks were constructed using this protocol with shingles made from both
of the rigid foam formulations. A layer of VersaShield (fire resistant roofing
underlay sheeting available from Elk Building Products, a subsidiary of
GAF Materials Corp., Wayne, NJ) was applied directly to the plywood prior
to attaching the shingles. A second layer (interplay) of VersaShield was
10 applied on the section of shingle that would be covered by the next course
of shingles for each layer. Both of the systems obtained Class A Burning
Brand test ratings.
The foregoing examples of the present invention are offered for the
purpose of illustration and not limitation. It will be apparent to those skilled
15 in the art that the embodiments described herein may be modified or
revised in various ways without departing from the spirit and scope of the
invention. The scope of the invention is to be measured by the appended
claims.

20



20 c)renoving the nediumdensity pol yurethane foamfromthe nold in which
less tine el apses between steps b) and c) than when a solid flame retardant
conposi t iwo 200meeé1si ng amoni um pol yphosphat e and zi nc lporatseoiosoiong| uded
the polyurethane foamforming reactive mxture (1). 25 2. The process of
Caim1lin which from15 to 30 parts byquei ght of the solid flame retardant

conposition are included in the conposition introduced into the nold. -32-
3. The procesq/vp;qusagm\mgg jghich from20 to 25 parts by weight of the
solid flame retardan osition are included in the conposition

i ntroduced irlto tI?PePFrWBIS @ tae pragdustion of iresfesistanitnmolded, weditmt h_(la_htl me
el apsed bet 1.5to0 4.0 mnutes. 5. e process
P MeRSRY BBRu ALY bSmbhSHY

of Claimlin Ion rn between steps b) and c) of at |east
25% i s achi e\ag)d mmmdmnggintceaamlma coamosdnohaxﬁmﬁshgm pol yphosphat e

i te. ocess of Caim
oo cR_ar edadl on P BB EahYPes BB Thanc foadt Todhinteacs 40% 1 o

achi eved when using nekedstive nsig@ired 15 ammni um pol yphos]E)h%te cogpar e\(/j\htoh
usi ng uncoated a niu poI phosphate 7. The process o aim1lin iC
t he gorrpom tion m&) 319 isrﬂaétstWeWWEhHOfoi%'ﬂrﬂa%re@f@%) fYPerisingn 75 to 85

2) 15
ol ess’than 25 par ?spﬁﬁéffgﬁi@:if%“%tw%fﬂa“ﬁﬂ"P’Z‘f%‘%'*anﬁ%é**re e (2
10 and, optionally,
(i) one or more metal oxides or hydrates thereof,
in amounts such that
(A)  the weight ratio of ammonium polyphosphate
to zinc borate ranges from 3:1 to 1:3; and
16 (B)  the polyurethane foam produced comprises at
least 5% by weight, based on 100% by weight
of the foam, of zinc borate;
b) allowing the composition introduced into the mold to cure to form
the medium density polyurethane foam; and
20 o) removing the medium density polyurethane foam from the mold
in which less time elapses between steps b) and c) than when a solid
flame retardant composition comprising ammonium polyphosphate and

zinc borate is included the polyurethane foam forming reactive mixture (1).

25 2 The process of Claim 1 in which from 15 to 30 parts by weight of
the solid flame retardant composition are included in the composition
introduced into the mold.



25 8. The process of Caim1l in which the pol yurethane foam has a density of

10 to 30 pcf.
conposi t iwo 20nigleacdes al um na tri hydrate,
300f zinc borate to alumina trihydrate of 1:3 to 3: 1.

of daiml,

5pol y( phenyl

i n which the pol yurethane fygam form ng reactive m xture
conprises: (1) one or nore pol ynet hyl ene pol y(phenyl isocyanate, an

' te grou t Ak Al i
oY ooy epe RO TSRS AN B IS,

i socyanat e- r é2e soNcflaypapetactant compositionrage inci)deat inlteasbmpositipol yest er
pol yol, (b) %trdo%ﬁ:%& i@thQiﬁJ’#y branched pol yether polyol, 10and (c) at

| east one chai n" exten

er. he process of Caim1l in which the

pol yur et hane foam form ng reactive m xture conprises 15 (1)one or

pol yret hyLeng, pol y{phehled SO0KaNale. i b RNE0AL S FLaMR SoLRL B

pr epol yne

10

15

20

25

30

based

and c) is from 1.5 to 4.0 minutes.

5. The process of Claim 1 in which a reduction in time between steps
b) and c) of at least 25% is achieved when using melamine coated
ammonium polyphosphate compared to using uncoated ammonium

polyphosphate.

6. The process of Claim 1 in which a reduction in time between steps
b) and c) of at least 40% is achieved when using melamine coated
ammonium polyphosphate compared to using uncoated ammonium

polyphosphate.

7. The process of Claim 1 in which the composition introduced into the
mold comprises:
(1) more than 75 to 85 parts by weight of a polyurethane foam
forming reactive mixture,
and

(2) 15 to less than 25 parts by weight of solid flame retardant.

8. The process of Claim 1 in which the polyurethane foam has a
density of 10 to 30 pcf.

9. The process of Claim 1 in which the solid flame retardant
composition includes alumina trihydrate, which is present in a weight ratio
of zinc borate to alumina trihydrate of 1:3 to 3:1.

mor e
ng

9. The process of daim1l in which the solid flanme retardant
whi ch i s preserCTius2@o0xveioght
-33- 10. The process

rati o



pol y(phenyl isocyanate) or a mi xture thereof; and (I1)one or nore

| socyanat e-reactive conponents conprising: 20(a)at |east one polyester

pol yol , (WY 2atvdee@st one pol yet her pol yol having a funcPconskenporfs about
1.8 to 3.5 and an OH nunber of from about 14 to 56, (c) at |east one

hi ghly branched pol yether polyol having3 functionality of about 4 to 6 and
an OH nunber of about 250 25to 400, and (d) at |east one chain extender.

-34- 12. A flame 1 ahergtadésscomam i fwhieh thebeptrethBrl EI&ISHInY
pol yur et hane foaps conprising; (a) a nelam ne Coated amoni um
pol yphosphat €a¢tyf MixHEeseMprieessand, optionally, (c) one or nore netal

el arm ne. coatd ams e s AR e sy atale, SndRicThalS © T
1:3: - group containing prepolymer based on a polymethylene
5 poly(phenyl isocyanate) or a mixture thereof;
and
() one or more isocyanate-reactive components comprising:
(a) at least one polyester polyol,
(b)  atleast one highly branched polyether polyol,
10 and

(©) at least one chain extender.

11.  The process of Claim 1 in which the polyurethane' foam forming
reactive mixture comprises
15 () one or more polymethylene poly(phenyl isocyanate, an isocyanate
group containing prepolymer based on a polymethylene
poly(phenyl isocyanate) or a mixture thereof;
and
(1 one or more isocyanate-reactive components comprising:
20 (a)  atleast one polyester polyol,
(b) at least one polyether polyol having a functionality of about
1.8 to 3.5 and an OH number of from about 14 to 56,
(c) at least one highly branched polyether polyol having a
functionality of about 4 to 6 and an OH number of about 250
25 to 400,
and
(d) at least one chain extender.



10and (2) a pol yurethane foam produced conprises at |east 5% by wei ght,
based on 100% by weight of the foam of zinc borate. 1513.The flame

ret ar dantwoanpasediion of C ai m 14 whi ch includes al um nactrishydnelses i n an
anount sufficient to achieve a weight ratio of zinc borate to alum na
trihydrate of 1:3 to 3:1. 14. Afire-resigtant, nolded, nediumdensity

pol yur et hane foam 20 produced by the process of Caiml.

12. A flame retardant composition for molded, medium density
polyurethane foams comprising:
(a) amelamine coated ammonium polyphosphate,
(b)  zinc borate,
5 and, optionally,
(c) one or more metal oxides or hydrates thereof,
in amounts such that
(1) the weight ratio of melamine coated ammonium
polyphosphate to zinc borate ranges from 3:1 to 1:3;
10 and
' (2) a polyurethane foam produced comprises at least 5%
by weight, based on 100% by weight of the foam, of

zinc borate.

15 13.  The flame retardant composition of Claim 14 which includes
alumina trihydrate in an amount sufficient to achieve a weight ratio of zinc

borate to alumina trihydrate of 1:3 to 3:1.

14. A fire-resistant, molded, medium density polyurethane foam
20 produced by the process-of Claim 1.



