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I NVENTION 5 1, Field of the Invention The present invention relates to rigid
pol yuret hane foans, and nore particularly to the preparat] f ch foans
with al kyl WO B es, preferably, methyl formate as thei)é@p@(%@lo%gri mary

bl owi ng agent. 2. Description of the Prior Art 10 Ri gid pol yuret hane foans
are useful in a wi gaGIBPEANMICENMPOSITAIONSIND METRGDSEMPROYRE! | ons for
insulation in refrigeration sysiens, structural applicatrons and flotation
applications, as in boaf&KWH ALKANOQAM Aah BLOWING AGENTon devi ces. I n such
applications, not only the density and cl osed cell content of the foam but
al so the abiBA@&GBQLMOFd&ﬁENVEEF@N its dimensional stability in adverse
conditions are critical. 15 In fact, in flotation applications, the United
States go ergnand[t}g.gs %?g(i]ified rigorous test nethods and standards for
such char 3ct er [ '9§t9'e¥° ®3nms in rel evant applications associated with the

United States Coa GQuard., See, f 183..114 and the test
met hods set forthﬁ"}lﬁp'ﬁéﬂl‘ﬁll"ﬁﬂ%‘.re eﬁ@%nﬁ?%ﬁ%ﬁ&%ﬁ@%s@@%ﬁpl oyi ng two
conponent s OmaitizuRgy GOMp prepatation 2Bubiafams ebth allss dlkbroapsseprafetably, glethyl oans.
One conponent, gener al I){ referred to as conponent A (or A-side), conprises
i socyanat e. HPERATNG SOl RSBRAERPlOX NG 385Nt conpri ses a surfactant and a

bl owi ng agent. The second conponent, known generally as conponent B (or

B-side), comr De&sipAéYofthe PASI &S pol yols, particularly polyether and/or
pol yester polyols. Conponent B nay al so conprise a surfactant, a catal yst 25

package apd a bl owiglg paaRrthanéManaredlskfuPin aNdide Rarlge Yf bftications Gh&@hding N
conponent B. Alternatively, any or all of such ingredients ?l&i/ be
h conponent B

i ntroduced t GPpiatiprssfer ingpatiandn uefegerptipnsystAme, Stryetueh apndicatians

and a third exs fh SO | {1 ed

pol yi s ocyanuff%i)'ltE agi%gl ggérl;fscaﬁ%hi ’ %?? garltgfé)gwsTﬁée(&? %ﬁth%f%oﬁ%@é%@%gs. ﬁsceagé standard
met hods commmapplcatiensenat cbbnthe tgnsity addadoged nele cartentt pHitie ddeonytbutlal@Othkb. /ft. 3 to

0,
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15 In fact, in flotation applications, the United States government has specified rigorous

A

test methods and standards for such characteristics of foams in relevant applications
associated with the United States Coast Guard. See, for example, 33 CFR § 183.114
and the test methods set forth in ASTM D2126.

Conventionally, processes employing two components or three components

20  have been used to prepare rigid foams. One component, generally referred to as
component A (or A-side), comprises isocyanate, Frequently, component A also
comprises a surfactant and a blowing agent. The second component, known generally
as component B (or B-side), comprises any of various polyols, particularly polyether
and/or polyester polyols. Component B may also comprise a surfactant, a catalyst

25  package and a blowing agent, any or all of which may reside solely in component B.
Alternatively, any or all of such ingredients may be introduced to the reaction mixture
in a third stream or in both component B and a third stream. If an excess of isocyanate
is employed, modified polyisocyanurate foams may be formed. The foams produced
by these standard methods commonly have a density in the range of from about 1

30 Ib./ft.” to about 4 Ib./f., have a closed cell content on the order of about 85% and

have low friability characteristics.



have low friability characteristics. 1 01 MBAR 200 WO 03/ 051097
PCI/ USQ2/ 40554 Ordinarily, the polyols are poly-functional; that i } MAED
pol'yol molecule has two or nore branches, which provide Ilnklng S|tes for

cross-pol yperi ion. Hi storically, the blowi ng agent is
I ncl udes o&%ﬂgfﬂ%m?e chl rof l uorocarbon (CFC), often in c%ﬁt’”na |on WI th
wat er. However, CFCs have been the subject of 5 environnental concern in

view of the del et erdighislyché p@lyslsmqﬁoly-hmmidmaumab&emerpemrmetdcule hashave on the
earth's ozone | ayer. Therefore, I S.desirable to av0| d .use of CFCs and

t he i ndustry W8PT A r?%%‘?%wl}l‘é‘é’%‘é‘@# FHEPr Foes-pelyBeRzalitter nat i ve

bl owi ng agentmstoﬁwuwl%%lowg pg’eﬁﬁ%aatu@dat i8¢luddsBne oP oY HEsrBARRodafRM Certain
processes that enpl oy HCFCs pl ace of CFCs have been reported. 10 For

exanpl e, U. S.(Cp&).effes 11‘850011’203823 with wiater, Hovgevan CFCs have bon thpesybicrtsd a process
by whi ch an g@@gmmw g&l&mﬂw ¥ IR, %1&9&5%5 éﬂ:’@ 2 thﬁgﬁ'{berbgm r@ﬁ&ed
M 0 ,

traditional e preparation en HCFCs,
whi | e mar kedlty hibetdnahe édithls ozGikeQaydrnTHeesfors, 1ofs dedsitablectoiaoid ueewi CHCrmmdt al

effects, stil| are associated wt envir.on d soit is optinal
't even thel the @tfnd BOERALERrTks ReaRritaer vhel e b Ry Hesekuh oat s,

i ncl udi ng nmetspybld BF PRbRratiGdSofrikid poli@eihatd fsembl owi ng agent have been
reported, but those attenpts have been unsuccessful in that the foans that

have been produced, with nethyl format pri mar ol e (ot her than,
per haps, water) bﬁ’ﬁwwgﬁ%ﬁ&ﬁft@mﬂﬂgﬁpﬁf fqrir% Xﬁa&wqeempaﬂe it has
been fouRg t Nak estile, TP HtdAaVE0D, 529aﬂﬂhﬁ‘s%&9‘279“00?@&3‘%@&"@@0@&%?0 and so

denmonstrate poor di nensional stabi | See, for exa atent

5, 283, 003 t o vdhdnan HEEE, mmh@mdrrﬁmdngmethwﬁﬁfléﬂﬁi Canlﬁpdﬁm M'gdlag@lICFﬁas been
reported to iR 'i}h pll’gp%ra%b { gﬁgl 'tﬁm k%w%%eal'bév%nw inYc mar%gq&%gtg rt}balno\M ng

conbi nati on Wt AHOUNE . Of 'ohe or hore 4 onai

agent s such a@FQyrifaenine obdeleteidus ehylcthmibarabeﬂfect‘sl; still diatdooiaed wi¥hC or HFC t ypes
of blow ng agents. According to.the 2 patent 5,283,003 to Chen,

net hyl ene chleﬁ?"irﬂlémfi‘f?g 4“8\?%‘%%\?12} ﬁ%?‘b@ﬁﬂb‘é"’n@ avoided;’ " n_pent ane,

| sopent ane, and/or cycl opentane) blow ng agents nust make up at | east about
20% by waisght of tAiRnipl Akhdilse ¥ ilkylateRbakOHRiuaRGinNihyl trhaipad #nt 5, 883, 146

to Tucker describes the use of formc acid (or a salt thereof) as a bl ow ng

alternative blowing agent have been reported, but those attempts have been
unsuccessful in that the foams that have been produced with methyl formate as the
primary or sole (other than, perhaps, water) blowing agent are unsatisfactory. In
particular, it has been found that such foams have a foam shrinkage of more than 10%

20  and so demonstrate poor dimensional stability. See, for example, U.S, patent
5,283,003 to Chen. Thus, use of methyl formate as a blowing agent has been reported
to produce a dimensionally stable foam only when used in combination with a
substantial amount of one or more additional blowing agents such as organic or even
hydrocarbon or traditional CFC or HFC types of blowing agents. According to the

25  U.S. patent 5,283,003 to Chen, methylene chloride and/or five-carbon hydrocarbons
(e.g., n-pentane, isopentane, and/or cyclopentane) blowing agents must make up at
least about 20% by weight of the total blowing agent combination. U.S. patent
5,883,146 to Tucker describes the use of formic acid (or a salt thereof) as a blowing
agent, but only in combination with a C, to C4 hydrofluorocarbon. Although the

30  patent to Tucker does not define the necessary relative proportions of the formic acid
(or salt thereof) and the hydroflucrocarbon, the exemplification show that the
hydrofluorocarbon must make up at least about half the blowing agent combination by

weight,



agent, but only in conmbination with a d to C4 hydrofl uorocarbon. Although
the 30 ,patent to Tucker does not define the necessary relative propﬁ |?<nzs
of the formc acid (or salt thereof) and the hydrofl uorocarbon 7" MA
exenmplific w that the hydrofluorocarbon nmust mak ast about
hal f the blﬁwﬂﬁ@gent combi nation by weight. 2 0 7 MAR gg’g@s%o / 051097
PCTI US02/ 40554 Accordingly, the rigid foamindustry is still searching for
met hods and conpdsicondogly, thea:igid/mandn@nablisestiﬂrswsfhing formeetodsands rel at ed
conpound to be use bl owi a hat d,foamt hat
neets the stdfl H’Qf’ﬂgor’fs 3%”1?81&?“8@%5“}3%%% rﬁ]@m%toﬁgg{iat? é}ggﬁnﬁ%&ﬁg stﬁaé)?orgam c
bl owi ng agenttﬂowﬁgagensﬂﬁnmmd@duicmhlgidefomthasnmhwetsmaads &iratldfﬂ@axhs; density
and cl osed cell content, gg | so tho rel atin tB mﬁnsl oa stabl lity
clyde aet

(resistance ttt@Hhowhepepd f preagic gents. ly,
thereforeg t %I)Dﬂhs&ereﬁatlﬁglebedeha@%u%logw&gtc@ﬂkeﬁtoblﬁ a8 \(Kdse T8 Ado f O

producing a rigid, closed-cell "polyurethane foam having a free-rise density
of from 10 abbumensiom! Stﬁsllfbff(tes@taﬂ@ tatsyinkage)lapwellft . 3 and exhibiting a
shrinkage of |less than 10% Accor ding to the nethod, an isocyanate, a blend
of polyol s ofgihslf lﬂ-;;q@ ffrofr om about 150 to about 800, and at |east
one al kyl al kanoate%/ d/ or er| vative and/or precursor thereof) bl ow ng
agent are m xed t%hpetﬁelre&ri%erﬂr@seﬁﬁﬁ%n'ngﬁ' srﬂleeetuaﬁ)aﬁm mRfhedysies the foam
The bl end of polyols in whic | east By wei ght 1s made 15 up of at

| east one polgrodlucmrrggd aldsydicdkydlyurethirerfoarh hivinge &bovse dSeity of faimout 800

Dol ya kosh at BREly b A Lol PR AT R Ehiplfhe 3 ekl Rk BB E2T DEPL L 6o
directed to aAmuﬁnhg to@laCinbthod, R idodyatel@blendal pobadd of Hydrdx9T minébets i d,
cl osed-cel | 31tE_)q%u]élcﬂl(t)hane f oam having, a free- rlq?e density of from about 20

1.3 Ibs /ft. 420 @ abgt §0P and apjeast ope plkykalkagoste Gndiosdervatiye | ess t han
10% The reacijiRp f@ca&rswtﬁere&wrom&gsag%mré RRCY BRIRr tol BAn Rir&RFoPhiRSLY Ol S,

and at | east one aI kyl ~ al kanoate (and/ or derivative and/or precursor

t hereof) bl ovﬁ#@rqgmth@@gm Theblenboimwlyctnia whicheas irast 500eby weight is maldg o
directed .t l f _ s .
densi 1y dF T ablset ot By GuRpRE «B5s- ARuPEE IR g R TR QbR Treem T Se

and belng selected from the group consisting of polyalkoxylated amines,

polyalkoxylated ethers, and polyester polyols.

The present invention is also directed to a novel reaction mixture that can react
to form a rigid, closed-cell polyurethane foam having a free-rise density of from about
20 1.3 Ibs./ft.” to about 4 1bs./ft.> and exhibiting a shrinkage of less than 10%. The
reaction mixture comprises the isocyanate, the blend of polyols, and at least one alkyl

alkanoate (and/or derivative and/or precursor thereof) blowing agent described above.

The present invention is also directed to a novel rigid, closed-cell polyurethane
foam having a free-rise density of from about 1.3 Ibs./ft.” to about 4 Ibs./ft.* and
25  exhibiting a shrinkage of less than 10%, compnsing cells containing gas, at least
about 40% by weight of the gas being a combination of at least one alkyl alkanoate

and carbon dioxide.

Among the several advantages found to be achieved by the present invention,
therefore, may be noted the provision of a method for preparation of rigid foam of
30  high dimensional stability in which standard CFC, HCFC, HFC and hydrocarbon
blowing agents are not needed; the provision of such method in which no standard
organic blowing agent other than an alkyl alkanoate is needed; the provision of a

3



25 exhibiting a shrinkage of |ess than 10% conprising cells containing gas,
at | east about 40% by wei ght of the gas being a conbi nation of iH @@ﬁ@ﬁ one
al Kyl al kanoate and carbon di oxi de. Anong the several advantages 'f %o
be achi eved by the present invention, therefore, may be p he  provi si on
of a netho&“f%wﬁﬂpéparation of rigid foamof 30 high dineﬁgbﬁﬁ%%og%ability

I n which standard CFC, HCFC, HFC and hydrocarbon bl ow ng agents are not
needed; the péa@siommiNuGihasdeds noeinbinde CRCYHCEQ, HBC st hyrharacbondrigeingc bl owi ng

agent other than an al kyl alkanoate is needed; the provisio 3 07 VAR
CEVID 03l 05108 BN S5 RO Deh Bersiinpey tion o GRedRiCiGRrfue Cre
HCFC, HFC or zhy girochédrasmdihembdiges; 8@ané srovidish of bich!foasuitabld isriss e f oans;
the provision of such CFC-free, HCFC-free and HFC-free foans thensel ves;

and the pr oviflotasion fransigoratererafisasa stusiyrab fqagy or g an isulgtion fo3Mat j on foam i n
watercraft, as a structural foamor as an insulation foam 5 DESCRI PTI ON OF

THE PREFERREIp, RNOF THE REPEARRDEEMBDD IMENTRY esent invention, it has
been di scovered that an al kyl al kanoate (or a derivative and/or precursor

thereof) can be usgeghcaRafcelliBVhEPredd Hventivnt AL beeh QisBOReed B4t afRMKyPL her
organi c bl owm ng agents to produce a rigid, closed-cell gol yur et hane foam

havi ng a frealkaneaie theadptivative and/grareqyengr theregf)|cpr be psed3s a dlagtingiegent 10

| bs./fl.3 axhi bit] ' : | 9§ f it Lpat i f
pol yol s wi ¢ h VRHLE ppotrd Wibenis AR BlowiBE Secbid0p i) d bFoisaeb® L 00 °%
bl end of pol yolysrdtirne funchavidg 4 fecstiseHRAsity\of feingibbut 3 ad#.’ upabolit &t | east one

Dot ot PR naBne R SRR abe R B0, T Sor Pt Ghor S HE o
pol yo In u . oans
so produced Rahiéh the ABcfanats t thikel & Prodiedd HY fofrh REhpn sk abladdr pewsisanal | y and

maybe used in essentialolgl any industry in which rigid foans are enpl oyed,
i ncl udi ng use&¥elsatileast f05 byweight is stade Hr phatilesst apg pelyatkoxylated amingct ur al

coMpONent s Ay oDloolytBh kR Binerl ol T B 3 BPNASEL § el types
of rigid foa;kg Jgétpio\)}g%a%)?om Ptg%rcé/Haﬁa’{Bgfp gnc{%éll)ﬁg rigid po Qﬁﬁg@ ear?fg,
pol yi socyanurfateatzut 1 ¥otdiabow 0B dlhei fes/smrpiodiced fiayatregn founhtofbgans bei ng
referred. to 20 herejn nerical l y as, pol yur et hane f.oans. According to a
two- conpafientUREEREY PR e onstix BRURRY e Yeeh B esEendafy By infilskly

which rigid foams are employed, including uses as insulation in refrigeration systems,

as structural components and for floatation. This method may be used to produce all

types of rigid foams derived from isocyanate, including rigid polyurethane,

polyisocyanurate and modified polyisocyanurate foams, such foams being referred to

20  herein generically as polyurethane foams.

According to a two-component method of this invention in which a

component A is mixed with a component B, component A comprises an isocyanate
(such term includes mixtures and combinations of discrete isocyanates as is known in
the art) and, preferably also a surfactant. The isocyanate may be any of the

25  isocyanates conventionally used in the production of rigid foams. Thus, any of the
polyfunctional isocyanates, such as diphenyl-methane-4, 4-diisocyanate, xylylene
diisocyanates, polymethylenepolyphenylisocyane, 3,3-diphenyldimethyl-methane-4,
4-diisocyanate, 2,4-tolulenediisocyanate dimer, m-phenylenediisocyanate, tolulene
diisocyanates, diphenyl-methane-2,4-diisocyanate, or mixtures thereof, may be used.

30  Similarly, any conventional, A-side surfactant may be incorporated into component
A, if so desired. Examples of such surfactants include silicones, such as B8407 sold
by Goldschmidt Chemical Corp. or non-reactive polymers have been found to be

particularly suitabie. Other compostitions, such as a fire retardant, including those

4



conponent A is mxed with a conponent B, conponent A conprises an isocyanate
(such termincludes mixtures and conbi nations of discrete isocyanai édhagdils
known in the art) and, preferably also a surfactant. The isocyanate may be
any of the 25 isocyanates conventionally used in the production of rigid

f oans. Thué‘fowl‘!?¥ the polyfunctional isocyanates, suchP§L/USI2/40554

di phenyl - net hane-4, 4-diisocyanate, xylylene diisocyanates,

pol ynet hyl enepglaynpestyireOsi@iR or BhaspHorf emiyl Ao BRtiidthdedth fiRROMBonent

4-dii socyanate, 2,4-tolul enediisocyanate di ner, m phenyl enedii socyanat e,

tol ul ene di i‘%-ocyanat es, diphenyl - net hane- 2, 4-di i socyanate, or m xtures
thereof, may be used. 30 Simlarly, any conventional, A-side surfactant my

be incorporated i nfdhGsH esBHEnent) naly, iR neRISiot, EntafAGVING 2g &t tSbic h _
surfactants include silicones, such as B8407 sold by Goldschm dt Chem cal

Corp. or non-emydexed jeths doaping propesse Theklawing agentiusedis sclpeted fremithg alkylsui t abl e.
G h I Ll | | ' .4 7 MAR. 2]
V0 03/ 051807 TP REEIOREmEuM ffnbEbBR HepmertRld HOWRE B8RSR 0al T TER 2

al so be i ncl udattmpiutédtbataaiereatdrtand/dr precursd df the aelected alppladienodie may bebut need

not, contain bl ow agent to.b enpl oyed in_the foam.n rocess. The

bl owi ng aggnt“sﬁ‘ggld’qgcéa' Ogé‘?né‘?:?rea(]il ‘?f.rtlberﬁ%?eﬁ@gém&l]‘. SaWL%%E?g’GEM? wi th met hyl
formate bei nthetdiftoPafidyBilkadatel OMadypantdtank alklt alkaodk Sfd/ofordcgivmivat ed that a

derivative and/or precursor of the selected al kyl al kanoate nay be wused in

pl ace of someangfor arecurser thereofs i sheuld fe Hefenttoodthatdhe alkd glkappaie Higefds i s nade
herein tg, al " ' |
Meri vat e Bbtsrel SRRSRh Sne OF pAHGARIND HUBI P ey, B aSSRBRRERPRERET D

al kyl al kanoadlieyliatkandate arsl ch® opmefeaterieaiveahd/ hopgtursorenayrberamipdoyetdr Invat i ve
and/ or precursgr, or a conhination. of the yl. al kanoate and one or nore
Gor 1 vat  ve. ariAbin YRS SHPTRSR Sast Bty Akeden iR arvites SUGr

conbi nati ons m@écurit®s érebDiresprbifichilypinkiadaptiegsinor derivatives and/ or
precursors thereof are specifically included herein. By "derivative and/or

precursor" of al kyELy, | kanoat e, what is, nt s any 15 .conposition in which
the al kyl al kanoat® i “‘é&tEVSlEPFgEF Rrﬁcuéslc’éa&er"ﬂ@’ﬁ ?ﬁ%‘lﬂ? » yaatys Q’gg",‘t B is inert
wWith respect domhpolifioh BIWRHIEH (e alkPUiIRAH SR SatRER LA RRARRE Sudh @smd%aﬁ,-thi hys, the
derivative and/or precursor of the alkyl alkanoate maintains the
functional i t yinert wutﬁgespect to the remaining ingredients of components A and B. Thus, the

derivative and/or precursor of the alkyl alkanoate maintains the functionality of the

alkyl alkanoate. Preferably, if an alkyl alkanoate derivative and/or precursor is used,

it is a complex that maintains the entire structure as a moiety of the complex. By

20  “precursor", what is meant is a composition that produces an alkyl alkanoate at some

point prior to or during the foaming process.

It will be understood by those of ordinary skill in the art that known variations
of the formulations and teachings disclosed herein may be necessary to achieve
desired characteristics of the finished foam depending on the specific alkyl alkanoate,

25  derivative and/or precursor, or combination thereof, selected as the blowing agent.

These variations are specifically included with the scope of the invention as claimed.

It is also possible for small amounts of other compositions that act as blowing
agents to be present. For example, CFCs, HCFCs, HFCs, methylene chloride,
fluorocarbons, hydro fluorocarbons, hydrocarbons or other organic compounds may

30  be present that act as blowing agents. However, if such compositions are present, they

should total less than 20%, preferably less than 10%, more preferably less than about



al kyl al kanoate. Preferably, if an al kyl al kanoate derivative and/or
precursor is used, it is a conplex that nmaintains the entire strugtiung Rg a
noiety of the conplex. By 20 "precursor", what is nmeant is a conposition

t hat produg‘g(igszoglq%%kyl al kanoate at sonme point prior to ?fyfT'g'E‘.h'(‘?%“t he

f oam ng pr wi || be understood by those of ordina I'n the art
that known variations of the formulations and teachings disclosed herein
may be neces$s4,\%spedialld Mseihan ablas 2o of the ttd etepyht 61 blowingfagtdte irf donipphan f oam
dependi ng on the specific al kyl alka oatogis 5 deri,vative and/ or precursor,

or conbi nat i dh gy dveveretupRangnty 1s; iCAGPARYEMS:  These variations are

specifically included with the scope of the invention as clained. It is also

possi bl e for smal lThaaak o®tofpdivht & AEPOS bldn@dSinahpktanddrd AnkdrOMieng  agent s
to be present. For exanple, , HCFCs, HFCs, nethyl ene chloride,

CFCs -CS
f I uor ocar bonPrdenpfblending ismotpartiomaly significsan Nsvertelsss, dcaayenisngaFeofc onpounds
may 30 be.pres: : | :0Wd gst Eleid inhibxHE by HQNMPOSI ti ons
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5% especially less than about 2% of the total weight of blow ng agents in

component A | e Y RNRYfuonk ARSI Sndula b S5 My UBIeSRHRAST €100

The materials of conponen stan nmahner. The
order of bl endhtathsiofie hofedidwiag hgent, Yhesdogedntrati@ndf. bidveig gdne(seins, a

conveni ent order of mxing is add. surf act to i spcyanat.e, nd then to
add the aci d CRRPRATE BriS fiom ﬂgﬂv,o-g“{ghwer@a}qfbov@%bwa@gb%m?ﬁr YAt (s), if
any. The jpel &, Bfwﬁfgﬁ%ra’oblﬁrl@"/pﬁy Waghethenkyt aiaRH A&/ op BGValib@indldr

conponent A contains one or nore blfow ng agent, the concentration of
bl owi ng agentptesprsonthersoBpiselémay make up pomhetiiasiabod 13% by woighlgrefardlabout 12%

by wei ght, pr r % ' o qu;; . % i,ght, The
al kyl al kanoarﬁlﬁec(?l g%@%?@%ﬁ;&ﬁ%ﬁ@g@%ﬁ%&%r QB%Irtg({"u so%lglgt&(e{rag%%\)ﬁﬁ%gel f may
make up as nuediglasofabmpbneh? 86 Blye suefactant mgyrredleruplitsy tles aboutys Bg walphtjt 10% by

roonen . FRERR bR H el B L i st s isrch:
preferabhy ahputbddndBieday a\o6h@hirationfof 6P FPMRBNY.5P bylwWei@h, BGédor thBI bi tor is

desired, it 15 may be included in a concentration of up to about 0.5% by
wei ght, basedvaghtiofgomponent A. Typically, the balance of component A 1s the isocyanate.

As with component A, the ingredients of component B may be mixed in any
order. Component B contains at least one polyol, The total of all polyols in
component B makes up from about 65% by weight to about 98% by weight,

20  preferably about 86% by weight to about 92% by weight component B. At least one
of the polyol(s) in component B is a polyalkoxylated amine, a polyalkoxylated ether
or a polyester polyol and has a hydroxyl number of from about 150 to about 800.
Preferably, the hydroxyl number is from about 300 to about 700, most preferably
about 300 to about 500. The polyalkoxylated polyols preferably are alkoxylated with

25  alkoxy groups of from two to about four carbon atoms; that is, they are
polyethoxylated, polypropoxylated, polybutoxylated or some combination thereof.
Those of ordinary skill in the art of rigid foam preparation will readily recognize
suitable polyols that correspond to each of the types of polyols described. By way of
illustration and not limitation, however, the polyalkoxylated amine may be, for

30 example, a polyalkoxylated aliphatic amine or a Mannich polyol, the polyalkoxylated
ether may be, for example, a polyalkoxylated sucrose or glycerin, and the polyester
polyol may be a transesterification of a terephthalate or castor oil. The polyols can be

made individually or as coinitiators.



wei ght of conponent A. Typically, the bal ance of conponent Ais th ® 00
|socyanate As with conponent A, the ingredients of conponent B naﬁ?ﬂ\’é&“r?ﬂéed
in-any order. Conponent B contains at |east one polyol. The total of all

pol yol s in &Wg gnt B nakes up from about 65% by wei ght ,t.0.,2004ts,98% by
wei ght, 20 preterably about 86% by wei ght to about 92% by weig t conmponent
B. At |east one of the polyol(s) in conponent B is a polyal koxyl ated am ne,
a pol yal koxyl at edOempenent Brmzaf qmipyiasotworpmryof thanoteth pslyalkbydatek gthinaunber  of

from about 150 to abo t he hydroxyl, nu r.i.s _from about
500t 5 ahout OpB mAgE tetared pafalo%BRt ket A% SRR ndi ol el
pol yal koxy! atpatioR@hy6x lﬁo@roeﬂermtﬂdmowa&oaylmwnmead cohbifat?dn witkeneyorgr oups  of

fromtwo to about four car boP ator% is, they are pol yet hoxyl at ed,
eqygther ﬁ%(%/

pol ypr opoxy| #8560 96 noted, pelyglker vl opefpAT R Bhthe pated Bplyestdthose of
ordinary gki oo of B @'rhor@bf fhe dbed BQ@H&Q:E;Q;B@J &héaR c¥hbinatiGAdih ¥nd gCOINi ze
sui tabl e pol yol’'s that correspond to each of the types of polyols described.
By way of ||rmqrspf@t: notad aﬂldesmitpol)iohltl aﬁlpmordh@neoemoretq{@nponwﬂ th@xyl ated

am ne may be, i Manni ch
pol yol, the ;%Ile (9(;]% {T&ld)%l % E@ﬁ%{@g gtdpo ‘IQ% aﬁy% ya é&‘% at ed
sucrose or glo)m&rdlaasesarmjr Hehmpwe&@drqmnemcﬂ way c@fﬂpﬁsb@tl&rbbl@ﬂlsasmn,l fication

of a terephthalate or castor ail. The S c n be de. indivi aIIy or
as coi niti at GFRECIAGY fps FSI’“‘U‘“&DCWQ}C’GS‘?LB'@"% PHEYE YGB?r{%ﬂé’ﬁgl B may
conpri se 19ne RBlyoliHrésert frdnh treMes Slafied Mﬂt@ﬁ%'t&hﬁ&aﬂ%%ls fréGnp6f tRr € of the
not ed polyalkoxylated et her, one or nore of the noted pol yester polyol, one

or nore of t Mmetedeobalkosylyiad mes,axomlkarmln@d ethexs@nd polaestenpolyolh makeupr nore
of the noted I r r t pol yest er
5. pol yol . or *ite i SaK 5Bt b or BtheilonaINor ombich 8, e ) A ABOUT 1Y 01
W th one or 508fley wéightvf comp@dnpBl yester polyol. In other words, one or nore
of any one of the three noted cl asses of poI on s, or any corrbi nati on of

pol yols fromany two.qr all three oyed. Conponent
B may conprise ot ﬁ‘e‘?fﬂ‘g’SP%ﬁ"%m ‘iEWéPFC °fI°é§B tl'{er%‘stgatttﬁ% 1cf)’ﬂal ly

enpl oyed15n reh@inbabe ErmubiibnPhain la@bMevdld"ﬁ m@mg agﬁnt ahd h%ﬁbrﬂ’éﬂelécﬂfs present
fromthe three classes (that is, the total of all yol s romany of the

not ed pol yal mm%&wt@mwwﬁbWW%@W@%%W*ZM% plowigg pol yol s)

meke up agents. For example, a preferred formula showing approximate percentages by

weight of the ingredients for one embodiment of the present invention is:

Component A - Isocyanate 96.7%

20 Surfactant 1.3%
Methy! Formate 2.0%

Componenf B- Polyalkoxylated ether 4.5%

Polyalkoxylated ether 71.44%
Polyalkoxylated amine 10.0%

25 Surfactant 1.5%
Catalyst 1 0.5%
Catalyst 2 0.16%
Catalyst 3 0.10%
Diluent 5.0%

30 Water 2.8%

Methyl Formate 4.0%



nore than about 50% by weight of all the polyols of conmponent B, and at
| east about 50% by weight of conponent B. It wll be understood Hy7 MAbEE of
ordinary skill in the art that the invention 15 enconpasses formnul ati ons

havi ng | ower | evel s of bl owi ng agent and hi gher |evels of ' | yol than
are usual | WQ%:’(Z%&”? "ﬁg’%%‘%ﬁs?s. For

I'n conparable foans utilizing HCFC bl ow
exanpl e, a preferred fornula show ng approxi mate percentages by wei ght of
the ingredients for one enbodi nent of the present invention is: Conponent A
-l socyanat €96, 7% 20Sur fact ant 1, 3% Met hyl Forpat e2. 0% Co nent. B

oty Al Koyl 246 2o IORyBls e Liea TP 3905 PORY AT at ed

ani nel10. 0% 2554254 AR liimGMonalsalblRy offie Gishat BhyHes@ HOHeGatRlMst 30. 10%
Di | uent5. 0% 30Wat er 2. 8% Met hyl Formated4.0% 7 0 7 MAP 2005 WD 03/ 051097

PCTI US02/ 40554kangath blpviing pasnhitlt gheulddsimderstopd thatetbergasthedsof inserasing ghewni ch
Soe . . . . i 9
Surprisi ngly gk (’)rdo?he%ow'gf‘wnﬂﬁ%feas'taﬁ% %ﬁ‘ﬁf’%%ﬁ%ﬁ?@ﬁﬁ% indivdeRfwithhe

finished foamdespite't use W ng agent. It
shoul d be undee sdopeand teathings béthinievéntids. Ofher advaptagésg thenevétionehsat ot her

pol yol bondin s are kno in the art. are.specifically included with the

scope and tea@cm1 PISF a%ﬂf’émﬁlerﬂygH{t?rf%cﬁ.coﬁﬂtﬂgﬁlrlggg%ﬁlﬁﬁﬁézén%?ﬁﬁcﬁ@uwent i on,

absent from dlkomes 64 thakckll sthuetilrélefthé fning efflin@finge Musuatidns R¥pdrikficed

pl astici zing ef fect of alcgﬁld al kanoat.es on the cell structure of the foam
%

el i mnating tiRdhemeaRtivityPradiisdustp atrlypidadability, and gaipiag the; Rash poipt @fithe e due to
cat al yst ﬂo“StéEEtilohg?{xtu?é‘tga @bBbRgedete flash point of the 10 reaction
e

m xture to accepta | evel s.
As will be readily understood by those of ordinary skill in the art of producing

rigid foams upon reading this specification, the types and quantities of each polyol are
determined by the ratio of alkyl alkanoate to water in the formula and the desired
properties of the finished foam, and such ordinarily skilled artisan would recognize
15  preferred quantities and ratios of polyols that would be preferred for a particular
situation, and how to adjust the quantities and ratios for coordination and optimization

for particular situations without undue experimentation.

It also should be understood that the polyols in the combination need not form
a separate composition package to be added as a single ingredient to form component
20  B. Thus, it is not necessary to mix the three constituents of the mixture together to
form a premix and then to form component B by mixing the premix with the
remaining ingredients of component B, although that is an option. The ingredients of
component B may be mixed in any order, and the polyols may be added separately

from each other as separate ingredients to form component B.

25 Component B also comprises 0% to about 5% by weight, preferably from
about 0.5% by weight to about 4% by weight, more preferably from about 1% by
weight to about 3% by weight, water. It is understood that the water may serve not

only as a blowing agent but also to add rigidity to the resulting foam.

Component B further comprises an alkyl alkanoate, preferably, methyl
30 formate (and/or derivative and/or precursor thereof), as a blowing agent. The methyl
formate (and/or derivative and/or precursor thereof) itself makes up as much as about
15% by weight, preferably from about 2% by weight to about 15% by weight, of

component B.



As W Il be readily understood by those of ordinary skill in the art of
produci.ng rigid foams upon reading this specification, the types ardit il
guantities of each polyol are determned by the ratio of alkyl al kanoate to
water in the formul a and the desired properties of the finpi am and
such ordi ngfq?{?,osgqgﬁ | ed artisan woul d recogni ze 15 prefer?gﬁgﬁgﬂ%ﬁt I es and
rati os of polyols that would be preferred for a particular situation, and
how t o adj ust t he Ofuaimbe, theesikydntkan@dte @ad/Hoderivavecind &t poxudoctheedf mayat i on

for particular situatjons without undue experinentation..lt alsa should be
under st ood t%ﬁt‘mﬂ%c WAyierarpls Strepum H’o‘#ﬁ}tW&PF quﬁcgé’gtﬂ?‘?gf’v BIPRY % Wepar at e

conposi ti on RAGKIIBothGrREmPsRaE 28ndB STHGbRcchitations bemkylakdneitBYgonmponent 20
B. Thus, it is not necessary to mx the three constituents of the m xture

toget her to degrativa apd/enprreussed thereod) ingompenentsdhishB and theymonnti ng t he preni x
with the crenglnj ' | ARRO | 5§ an option.
The i ngregi e%ﬁg?&i ﬂg@%@%&ﬁ?%@x%ey be n@%ggpa?ﬁeg{ﬁ%/ﬁgr reapful&g?}ah(tﬁhe pol yol s
may be added ceeamsatdeab yhat fheamsuitinglvonteantrationsof setplalial elkimepte@r deriative f or m

conponent B. 25 Conmponent B al so i ses 0% to about 5%b i ght,

preferably fri8 °fB%E%ffmdf’%%@?‘0&@%3‘5&%{‘136“%%%"&%0@0%?%f’},(dﬁfﬁ“ preferably
from about 1%patate Weéaait ifhﬁ’{,%ﬁévdton:iﬁ/@tl@iéi weigBtdf the\@kfting mixtiu® ig/ftetar st ood t hat
the water nay_ serve not onﬁ% as a blowi ng agent but also to add rigidity to

the resul ti ngbpdtr brygisbhienbow 12v prederably fpm; abaut 43p by meight o abapichee,

f er ablyy, f | | - B her eof ),
P e bl ot Cchovtle S8 ey SEIOledal Iy bt s BeREld Hl w1 o sor
t her eof ) it sebtal amdkms ofigowsgrgeii(shpresdndint cact Esvhimpentaing it the potalf er ably from
about 2% by wei ght ..to t 15% Db ight, . o C onent. B. 8.0 "A? N ~~
W0 03 051087 BebtaiBefiaairegis v oK lomy R ERRAR Bl B plp

derivative anefem Phigig GsBOcorhpHze a5 Iha@§% byevdight /irefee®l 163 tharSEIGr at e stream
in addition or in place of that which may be in either or both of
conponent s A ™B0T8 Psterably lesy Hiap abous Yo Apecitilnlersthansahenhdra: by veieht (s vat i ve

and/ or pRECUrCECY, BRI Hudrde AbGARANGBlosarbo:@Nd B and the amount 5 introduced
' b f

to the reaction mxture by way of a“separate stream are adjusted and

coordinated so that the resulting concentration of total alkyl al kanoate (or
derivative More preferably, however, the total amount of blowing agent(s) present in

each component and in the total combination of all ingredients mixed together to form
a foaming mixture should be substantially free of (that is, it should comprise less than
1% by weight) CFCs, HCFCs, HFCs, fluorocarbons and hydrocarbons. Even more

20  preferably, the total amount of blowing agent(s) present in each component and in the
total combination of all ingredients mixed together to form a foaming mixture to be
blown to form a rigid foam should be free of CFCs, HCFCs, HFCs fluorocarbons and
hydrocarbons. It is especially desirable if the total amount of blowing agent(s) present
in each component and in the total combination of all ingredients mixed together to

25 form a foaming mixture to be blown to form a rigid foam is also substantially free of
(that is, contains less than about 1% by weight) of any other substituted or
unsubstituted hydrocarbon, and particularly free of any other substituted or
unsubstituted hydrocarbons. Ideally, the total amount of blowing agent(s) present in
each component and in the total combination of all ingredients mixed together to form

30 afoaming mixture to be blown to form a rigid foam is substantially free of any other
organic compound that acts as a blowing agent, optimally free of such organic
compounds. When reference is made herein to "other” compounds such as "other
organic compounds," what is meant is compounds other than the alkyl alkanoate
and/or derivative and/or precursors thereof.

9



and/ or precursor thereof) brought together upon m xing conponents A and B
and separate streans, if any, based on the total weight of the r@SutRi Xt
mXture is from about 1% by weight to about 12% preferably from about 4%

by wei ght 8% 10 O her blow ng agents may be enp t | east
present, bt%‘?)%glms??preferred that the total anount of bl g‘\?mi(ﬁgozggses%t(s)

present in each conponent and in the total conbination of all ingredients
m xed toget her t o Coaponent Boaxg aisp conjainotbertingrbdientk asdesired Thosenfardingyd f oam

conprise |ess an 20% ight, preferably less than, 10% . nore preferably
"ot than andbil BRCRCLeahtomBt SRt o B B it o B P12 Horcs
HFCs f | uor oca{gapfamaBanilyitng aad (hessmayie @nploweddearn delpyeseltdnaineion ad Well.t ot al
anount of bl ow ng aqent s) present in each conmponent and in the total

p ,
combi nati on dPr gFample,gfEe readant spchag thosg erntaiping Sromipsnchloripg g ng i xt ur e

shoul d becsu LRl r; b Syixtl nﬁﬁrpf | than 1%
by wei ght)5 Cts)%h%%eﬁsa\ybfﬁﬁﬁc‘?@htg%{ﬁg%gé Eycl)ﬁlsutez;ﬁd ydrngggg?%%rﬁgét%ézn nore 20

preferably, tdomniolyksed additites afe Hydowiyhepntaieing cehpgsitone suchias catarivilconponent
and in the total. cpggys%fa%%ﬁg 0 Irlalk'oQ at%géoerglttas rgcoé%g?Jgggcgrg t}gr to forma

f
foam ng m xt Jrnsts ISo orma’trigl oam shou ee of CFCs,
HCFCs, HFCs fdxuaplecaplizemsthalsthreney diciiddfariinion inHibitors catalyswstabilizersctesi rabl e i f
the total amoynt of bl ow ng agent(s) present in each conponent and in the
total combi ndtgHS-of all i ngredients m xed together to 25 form a foam ng
m xture to be blown to forma rigid foamis also substantially free of

(that is;ocont ai NEonfeferit Pdhdadmipbneh?Bhyaywimiitd, saéh BMMroRbNSstatidlbd | tut ed or

unsubstituted hydrocarbon, and particularly free of any other substituted or
unsubst i t ut ehpbereE arpemer supkideviqecommanlyt igronm in thsundushy. by Saudag agent (s)
present in e | I | s I ngredients

m xed toget h}?gﬁeg%gwa%uggg% fé‘gﬁé‘ﬁgs %%?l‘}rsgﬂ??oggé tllggil/\l/(n?&?rgg’ #hgr ma rigid
foam i s substisneyamtd andfthepolpfl(shmthoblend arc elgwed to reashiogether andae expand as a

bl ow ng agent,, .optimally tree of .such organic conpounds. Wien reference is
mede hor o 1% FROL R foa T Tethod Sf s igkehtgp ey SeretinProdus on e what i s
meant i s 1GonRaYRAGILE Bersity Aewell hehigh-Usilsita fdaazo@bmporRAdA @hd dempomehit e and/ or
precursors thereof. 9 0 7 MAR 20h WD 03/051097 PCT/ US02140554 Conponent B

may al so cont§ MIxsd AR e rslatlyc@mporios sych Baldhs @Ho of ths S¥angr erauRsiohar y
component A to the hydroxyl groups of component B, that is, the NCO/OH ratio or

index, is generally from about 0.8:1 to about 3:1. With respect to polyurethane foams,

the weight ratio of Component A to Component B is generally within the range from
20  about 150:100 to about 100:150, preferably to about 100:80-100:120.

Polyisocyanurate foams may be produced when the NCO/OH ratio is in the range of

from about 2:1 to about 3:1, such as about 2.5:1,

The rigid foam produced by the method of this invention has a low CFC,
HCFC and HFC content and, if so desired, a low content of any fluorocarbon or
25  substituted or unsubstituted hydrocarbon other than an alkyl alkanoate. In fact, if so
desired, the foam may have a low level of any organic compound other than the alkyl
alkanoate. The foam may even be free of any such compositions. Yet, the foam still

has a closed cell content of at least 85%, and typically well in excess of 85%.

Preferably the gas in the cells of foam, therefore, contain more than 40% by

30  weight CO; and alkyl alkanoate (and/or denivative and/or precursors thereof), more
preferably more than about 90% by weight, still more preferably more than about
95% by weight, even more preferably more than about 98% by weight, and most

preferably more than about 99% by weight or even about 100% by weight. In
10



skill in the art will readily recognize several types of ingredients known
for use in rigid foamfornul ati ons and those may be enpl oyed i Mﬂﬁmﬁesent
invention as well. For exanple, a fire retardant such as those containing

brom ne, c%&ﬁl({;?s‘?r 5 phosphorus may be incorporated intg-thesdure to
inpart fire reésrstance. O her comonly used additives are

hydr oxyl - cont ai ni ng conpositions such as castor oil, aromatic polyesters,
gl ycol s and/ grartizhleebetakethe sethzidtodiiss inyentwnsioesren gruire afiyporgamz bloplieg

al pha-net hyl styrene),. acid formtion i.nhibitor at.al yst stabilizers or
i Plent e, 30 sthoAgtons de# 0 Ao 18 i obafr idtRe St bl brpedtoh
static mx GhHardas mey beseyatQhi &fw Ryélllesifdiane eeamaybeelinianed édirélhe i ndustry,

by standard rocedures to produce a honpgenous bl end. As g/vith conventi onal
foans, the iHweyyraveolfsnimpladhegisynthespllymay prntain estithap 0% ysveaehtt o r eact

toget her and e 9Ly s e AT TR 9% il fevent o

be used to produce ovxiaensmy 5 and standar ensity as well as
hi gh- densi ty thaaher 2%CbypeighnCFGs,dHoF Co apbilEQs. Likewaseetheiosed sibstitutedel at i ve

proportion sych that the ratio of the cyan rqups_ of Q t Ato the
v oxyl *or odBaresAERE iR el orPoRRR iy FETEE A, ©,
general |y fr ofgi@Rais of fr8¢-tisé @enaitasthigh ds.-4 W/ Amiag b9 ectepable potertaticisegne f oans,

the weight ratig of Conponent A to Conponent B IS generaloilﬁé W,thin the range
from 20 aboutthq amsghthimethed bavedensitrs cvely lower siahas pBoyEai0-/4 0t Bout00: 120.

Pol yi socygnur f Y. e : I P1ins/d Nt he range
of fr omngbou‘?fbgg'lﬁ?gﬁ?g% uatbggt: lﬁ)j, ngﬁb ﬁ%@%%@%%%ﬂ@? gail%/f?ggm

produced by tdbeutiss Mo of this invention has a | ow CFC, HCFC and HFC
content and, if so desired, a | ow content of any fluorocarbon or 25

substituted or un i : JoTelg J 3 oate. In
fact, if so desi r%gg’?&%e%’éh&glg%%%@%ﬁgve z;?llti %Eﬁeé{\}gpe@?ng%@s{gf gézfﬁ?rg conpound
ot her than t hiimahsioral stablilktyneailesuffitientfio satisfyasyandwds rdgeiringdess tfand0% such

conpositions. , Ye he foamstill . has a close || t of .at | east
85% and typi%ﬂ#‘%ﬁe\t’?@l"f’{“f”r‘f PuLpatdo 8\‘3??%%6&‘&8%‘?&?%4?@%' @g't%e“i €cell's of
foam tharsef o esfereclith akmin) R r&felshathe 40k maYric shAnke phfsusdfodo Mask @itky! al kanoat e
(and/ or derivative and/or precursors thereof), nore ﬁreferably nore t han

about 90% by SkEidaids.) Thes, the [pamseofhis frventiammasthecusedinthassanplicagans thit wei ght |
even nore pr %g&i@mmﬁc@_&i@% é‘ﬂ?gﬁs?ﬁ‘ 74 by wei ght, and nost preferably

nore than abou y wei ght or eVven about 100% by weight. In

Dimensional stability and other desirable characteristics of the foams of the

present invention may enhanced further by packing the foam. During packing, a

20  given amount of the foaming mixture, having a given free rise volume, is injected into
a closed or substantially closed space of a given volume. The percentage ratio by
which the free rise volume of the foam exceeds the volume of the space into which it
is injected is termed the pack factor. Thus, if 2.0 pounds of foam have a free rise
volume of 1.0 cubic foot, and 2.3 pounds of the foam is injected into a closed or

25  substantially closed space having a volume of 1.0 cubic foot, the pack factor will be

115%.

Packing of the foam mixtures of the present invention results in a densification
or thickening of the cell walls within the finished foam. The result is an even
stronger, more stable cell and, therefor, finished foam. Moreover, such packing and

30 thickening of the cell walls may help slow the transfer of gases between the cells

thereby increasing the effective thermal energy efficiency of the finished foam.

11



10 0 7 ; BAR 200 WO 0 3105 1 09 7 PCTI US02140554 particul ar, because the

nmet hod. of this invention does not require any organic blow ng ggemir 10k
addition to the al kyl al kanoate, the |evel of other bl ow ng agents and gases
in the foamm be set at any |low |l evel desired and even i m nat ed
entirely. ‘}/ BY way of exanple, the gas in the cells Prg'g%é(gﬁ"’f’%"n | ess

t han 20% by wei ght 5 CFCs, HCFGCs, and HFCs and, as desired |l ess than 10%

| ess-than 5% or evAeﬁartlaﬂaly mhﬁltlrig result2Fpikinpanighires @t @se prekehtCmyeraiof id-Cs .

Li kewi se, the, other s bstltute drocar bons..or, even at her iC
conpounds mayhHerbstapia &Nf rﬂ?f’@ggl‘z%ﬁd ﬁ‘ﬁ'ﬁ’ dlslnl"@'} ign ROt wotﬁ’g‘étg’eﬂgse
density as highin@® shypartichiar t%ed;@yapgﬂcmm@hhﬁ théle ERIAAEHMUSAS the t he foans
of this nethod have densities even | ower, such as about 2.5 Ib./ft.3 to
about 10 4 | bresuttrofa combisktienefinjiysipi parameters ipcipding thetimpeaysdflow of ke f t . 3,
especi aII out 2.5 Ib./ft.3. Moreover,

sur pri si ngl ybrgt*hlr}?‘édlllé)mglie&?ﬁhhgpjeggnt i nvention exhibit excel I ent

di rensional stability, easily sufficient to satisfy standards requiring |ess
than 10% shri nkagﬂaclbyg tatiosipfethe presant inventipnianefrore sboutdlhtodbowf SOMETM D2126.
(When shrlnk referc t bumetri.c

shri nkage pursflfgﬁ ]%%OTH% ?estﬁ)o‘n? ﬁcﬁ‘rjg]so%p%?aﬁyfrﬁ%l agg%tr%@/uttoa%’

i nvention may2& used in those applications that require conpliance with 33
CFR 183.114. Dinensional stability and other desirable characteristics of

the foans of the rese ntio nhanced.f urt g the
foam During packi ‘(jmtﬁmgg ﬁ@’&ﬁ%ﬁ%ﬁg g?“lnﬁ‘ ered 5% arﬁﬁo%ilyuglatﬁk%w ng a
given freae rigepd/alduprit of the illjefdnitinigThd@icated ) B ORIy whidh S3IRR, liey cl osed
space of a given volune. The percentage ratio by which the free rise volune

of the foam eeéé%%i@\f%ﬂteww&eaﬁ@ thpt tbwvgrﬁb@é(amﬁseé ofifiedpyvention g achievedt ed | s
termed the pagl JiRf L@V émagsuag reshlfts ﬁtaﬂaeaow%oaé Haﬁgé?cta@mgqn;d@%h@' se volume

of 1.0 cubic foot, pounds of foamis Tnjected into a cl osed or
25 subst ant i adbpye mrethgé@nsiwameommsn'gthautv@pmw &bmith®sconb pEthe dventianhd pack

rosults in a NGRS et RERSAE cpaein REIBaRk bl nal HF RO T

fi ni shed 1fsoanilustheivé &sliot i SlimhingseRe. stronger, nore stable cell and,
t herefor, finished foam Moreover, such packing and
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30 thickening of the cell walls may help slow the transfer of gases between
the cel.ls thereby increasing the effective thermal energy efficiency of the
finished foam 11 0 7 MAR 2005 WO 03/051097 PCT/ US02/ 40554 A partiocyh@ﬁm&
surprising result of packing m xtures of the present invention is "t
substantial uniformty of cell size and density distribution gradient.

Wt hout b&lmgis dwmedid:o any particul ar theory, applicants believe that these
characteristics are the result of a conbination of physical paraneters
including the inproved flow of the 5 mxture and its higher boiling point.

Packi ng rati 0s AOkethB8 fBf Bfbink WERH! OB &I fATAANAME FRH haviah QUfec20%
preferably from about 5% to about 5% and nore preferably frontabout 10%to
about  20%e fensity of froenatmat tl Falbs e tes gt #i lostfi. oandrexhiliting deshsokageaxfpl ar y

only, with the .10 scope.and.spirit of the invention being indicated by the
cl ai s mreéﬁﬁlr’%ﬂ?’MO‘PE“%)F%W"S&E??&“&BOW, it wWill be seen that the several
advant ages of tdyaniido¢piatedn are achieved and other advantageous results

attai ned. As various changes could be made in the above nethods and
conposi ti ons wh)mbdeast epapelyahhavingmthydraxybpembér efhomnahont il 5 to aboutj s

i nt ended t_all matter .contained in the abgve descripiion shall. be

it o pr et 8D e efiR) K EEHARTY el woding 7 g keRdd Sriping 2005
What is chalyamexylsted kthefs, ARl Rotcbter polhold Ukhagindall bgksld a@'l&%ﬁdn@ﬁélgols
pol yuret hane foam having a free- rise density of fromabout 1.3 Ibs./ft.3 to
about 4 | Bke pp fromypPedytveightitad 08%shir weikhige! adlpolyals in theaeactiongnis®ifr i si ng
m xing to her: (a) an isocyanate, (b) at |east one polyol having a

hydr oxyl nunber of from about 150 to about 800 and being selected fromthe
group consi sti (g dflegpolopal Hexingaigedt sledi&d fronp tHey glokip xyphsikee: of mestisyt and

pol yester pol %/ol s, wherein al|l of said at |east one polyols make up from
50% by wefQJHals; derativengf methyhlormate gprecysenry of methyl formatcs ard capbipatiansre:  and

thereof, wherein all of said at least one blowing agents make up more than about 80%

by weight of all blowing agents in the reaction mixture;

to form a reaction mixture curable to produce the foam.

2. A method as set forth in claim 1, further comprising the step of reacting the

isocyanate and the at least one polyol in the reaction mixture to produce the foam.

3. A method as set forth in claim 2, wherein tie at least one blowing agent is

methyl formate.

4, A method as set forth in claim 3, wherein the method comprises mixing together

(a), (b), (c) and water as a second blowing agent to form the reaction mixture.

5. A method as set forth in claim 3 wherein methyl formate makes up more than

about 90% by weight of all blowing agents in the reaction mixture.

6. A method as set forth in claim 5 wherein methyl formate makes up more than

about 95% by weight of all blowing agents in the reaction mixture.
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(c) at |east one blow ng agent selected fromthe group consisting of nethyl
formate, derivatives of nethyl formate, precursors of nethyl formate, and
conbi nati ons thereof, wherein all of said at |east one bl ow ng JdgkiRk Blnake
up nore than about 80% by weight of all blow ng agents in the reaction

m xture; to forma reaction m xture curable to produce the foam 2. A nethod
as set forth i i , ri gl I

i socyanat Z' andﬂtﬁgﬁg?}al%esg{sw rgﬂﬂng{ %lgﬁ% %lﬁ%rgl?'h%l%gggcﬁqlg%f arrll{&;%{reﬁ(?%R%r?oduce

t he foam make Bp metdithdn asows 8094 loy whightofcllleblowihg aghuets i thetreatiah niig@sd one

bl ow ng agent is nethyl formate. 4. A nethod as set forth in claimS3,
wherein the nethod conprises m xing together (a), (b), (c) and water as a
second bl gwi ngAageitbd 4 seP fdht HEChRRG WREeill MEMSE formrate aitE WaRY t@%et&?t forth
in claim3 wherein nethyl formate makes up nore"than about 90% by wei ght of
al | bl owi mgkaigemose fhan abeut 96 %chy weighi ofialirtdowig ageme iththe reastisemikiurd.h i n
claim5 wherein nethyl formate nakes up nore than about 95% by wei ght of
all blowing agents in the reaction mxture. 13 0 7 MAR 2005 7. A nethod as
set forthoin chaingihddwhace st R Bidim fRowRBER ARGy WRIBIatd RULWARE togBRice UP nore
than about 90% by wei ght of all bl ow ng a%en;s in the reaction mxture. 8. A
met hod asmeke up rorhthan abdutifsParbywveight of alighlowyingfagenta irethgrerchian arixtusget her

make up nore than about 95% by wei ght of all blow ng agents in the reaction
m xture. 9. A nethod as set forth in claim8 wherein nethyl formate and

wat er togeg.her A fiefeduR PTG RRblaghauwh8R OFCAEHOFCsoindaHFCh topptig agent s
in the reaction m xture. met hod as set forth in claim4 wherein CFCs,

10. A
HCFCs andmAkeyp {5t diap apoutifeby pyeizgatef the hlevansagentson:thy ropetiqphmixgyres he
bl owi ng agents in the reaction mxture. 11. A nmethod as set forth in claim
10 wherein organi c conpounds other than nethyl formate nmake up | ess than
about 20% by wai glethodf ad bet fortbwinnglaf@elit svhiereid beganicc achpoundai othett than12. A
nmethod as set forth in claim10 wherein organic caonpounds other ,th%n nmet hyl
format e midedYL formetesmake Hp dessharpobqyy 20k B verht of &g, blowing ageitsntnstie n ¢ he
reaction pixtlys: t&%: A nmethod as set forth in claim1l wherein the reaction
mxture is free oxf Cs,

12. A method as set forth in claim 10 wherein organic compounds other than
methyl formate make up less than about 2% by weight of the blowing agents in the

reaction mixture.

13. A method as set forth in claim 11 wherein the reaction mixture is free of CFCs,
HCFCs and HFCs.

14, A method as set forth in claim 13 wherein the reaction mixture is free of

substituted and unsubstituted hydrocarbon blowing agents other than methyl fonnate.

15. A method as set forth in claim 13 wherein the reaction mixture is free of organic

blowing agents other than methyl formate.

16. A method as set forth in claim 4 wherein the methyl formate and water are the

only blowing agents in the reaction mixture.
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HCFCs and HFCs. 14. A nethod as set forth in claim13 wherein the reaction
m xture is free of substituted and unsubstituted hydrocarbon bl OV\,@\E%}A@QI@ ts
ot her than nmethyl formate. 15. A nmethod as set forth in claim 13 it he
reaction mxture is free of organic blow ng agents other than nethyl

formate. 16. A nethod as set forth in claim4 wherein the nethyl formate and
wat er arelf.he Aondaytidnl emixtuge ageabies to rfotrhen rigat; tdlosedrielt polgurethdn®d fdarvViAR 2005

17. A reagti.on mixture cura to, for rigid,. closed-cell l.yur et hane
foam. havhbae fiesasr feb iy dran Spritirbisdbou ucts BT mabhdiiheh, 4
| bs. /ft. 3saitkaXbf IBstth01 @, SoMiprikage of | ess than 10% conprising: (a) an
i socyanate, (b) at |east one pol yol having a hydroxyl nunber of from about

150 to about BO@nagedydateng sel ected fromthe group consisting of

Wher oi n al 1 of (Uardost ope BRVEERETY r TS RPRy SEPROERITRIS R e <o
100% by weo@®hdndotheilp! seledi¥®@! Sorhn tHeh@rdupaebhfflingMoXt pilPalktifatéd ) ardined, €ast one

bl owi ng agent sel ected fromthe group consisti n% of methyl” formate,
deri vat i veelyatkoxetag lethees vad @olygster pelyolsswhereivealhof sdidratdeast oampolyols

conbi nat i . ther , rein.all i.d_at st, one bl.owi ng agents nake
up nore tﬁ%%lngb%utﬁ%gg%o}ﬂggy\%\e?‘%ﬁt tooféog/sl" Iabybfvgl\%h#g)?a%le (%] OHS r{nmg%aécglgfli on
m xture. #&fBxtufd, b@BCtion mxture as set forth in claim 17 wherein the at

| east one blowing agent is nethyl formate. 19. A reaction m xture as set
forth in clainfagt least oneblewingrigsnhselogied frogs the gwup rensislisgohgneligdnt . 20.

A reactio ], Xt - in.claj { st [ - of:  (a)
an' | socyanafiats Hialer Bmb Gt B BelbBtifidf oc AR B, EREEMRote?
about 150tHeeeod bwhidrein8Di0ofogaitl Bcleayy one bhetirgl afentimtike up hiutp tlednsdioat 80%g of

pol yal kox%l ated am nes, . pol yal koxyl ated et hers, and pol yester polyols,

wher ei n aPY Wight af 3! blowingrgentsin thegegcsion mixike up from 50% to 100% by wei ght
of all polyols in the reaction m xture;

18. A reaction mixture as set forth in claim 17 wherein the at least one blowing

agent is methyl formate.

19. A reaction mixture as set forth in claim 18, further comprising water as a second

blowing agent.

20. A reaction mixture as set forth in claim 17, consisting essentially of:

(a) an isocyanate,

(b) at least one polyol having a hydroxyl number of from about 150 to about
800 and being selected from the group consisting of polyalkoxylated amines,
polyalkoxylated ethers, and polyester polyols, wherein all of said at least one polyols
make up from 50% to 100% by weight of all polyols in the reaction mixture;

(c) from 0% to about 50% by weight of at least one other polyol, and

(d) at least one blowing agent selected from the group consisting of methyl
formate, derivatives of methyl formate, precursors of methyl formate, and combinations
thereof, wherein all of said at least one blowing agents make up more than about 80%

by weight of all blowing agents in the reaction mixture.
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(c) fromO0%to about 50% by weight of at |east one other polyol, and (d) at
| east one bl owi ng agent selected fromthe group consisting of methyMAiR 700"
formate, derivatives of nethyl formate, precursors of nethyl formate, and
conmbi nations thereof, wherein all of said at |east one bl owi ng agents nake
up nore than about 80% by weight of all blow ng agents in the reaction

m xture. 2b 0 A WwiRon00ENRE as Aetrfedls in dainm2 8 whessim theddowingrdghnt i nedtigil m 20
wherein the blowing agent is nmethyl formate. 22. A reaction m xture as set
forth in "8 21, further conprising water that acts as a second bl owi ng
agent. 23. Arigid, closed-cell polyurethane foam having a free-rise density
of fromabout 1.3 Ibs./ft.3 to about 4 Ibs./ft.3 and exhibiting a shrinkage
of |ess tBan 18%eptiotusiatireys sat ferthvin dtlaith 2, faftgr eomprigiag watérdhahagts aset forth
in claim23 wh in the gas is free of CFCs, HCFCs, HFCs and hydrocarbons.
25. A foa%sgécgngéﬁm‘f%g%eni‘n claim 23 wherein the foamis suitable for use as
a flotation foam 26. A foamas set forth in claim23 wherein the foamis

suitable for use as structural foam 27. A foamas set forth in claim23
wher ei n t B& f odniigid. dosedsllerofpirethane fpamaipvingsufrae-rign densitnof Fwm abawdt er cr af t

conprisin tsh, | | ai - t r ,hg a
rigid, cl gg@m&%%ﬂ@ ﬁa%é‘d% 5%1#1%11%3?%61“%%%62%?& rtF%gléj%rpggélgzgg% S’f rom
about 1. 3tHehsethdd ofkldim 2bout 4 I bs./ft.3 and exhibiting a shrinkage of |ess
than 10% conprising mxing together: (a) an isocyanate, (b) at |east one
pol yol having a hydroxyl nunber of from about 150 to about 800 and being

| ect ed i.Sb d: .y i
ol yal koxghat eft DeRcPeR: RAATTASAnAGE ERNARR T BTFCO,MECH: |1 cast
one pol yohs ByelrétarbddR 200

25. A foam as set forth in claim 23 wherein the foam is suitable for use as a

flotation foam.

26. A foam as set forth in claim 23 wherein the foam is suitable for use as structural

foam.

217. A foam as set forth in claim 23 wherein the foam is suitable for use as an

insulation foam.
28. A watercraft comprising a foam as set forth in claim 25.

29. A method for producing a rigid, closed-cell polyurethane foam having a free-
rise density of from about 1.3 Ibs./ft.* to about 4 Ibs./ft.> and exhibiting a shrinkage of
less than 10%, comprising mixing together:

(a) an isocyanate,

(b) at least one polyol having a hydroxyl number of from about 150 to about
800 and being selected from the group consisting of polyalkoxylated amines,

polyalkoxylated ethers, and polyester polyols, wherein all of said at least one polyols
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make up from 50% by wei ght to 100% by wei ght of all polyols in the reaction
m xture; and (c) at |east one blow ng agent selected fromthe grppmsp 2005
consisting of at |east one alkyl alkanoate, derivatives of at |east one
al kyl al kanoate, precursors of at |east one alkyl al kanoate, and

conbi nations thereof wherein all of said at |east one blow ng agents make
up nore thake ap ot J0%blyyweightghitl 00F. o Wweiphtoofi atigpodgdnirsthe medctien meatate; on

m xture; to, forma reaction m xture curable to produce the foam 30. A
reaction #i%ture curable to forma ri gid, closed-cell polyurethane foam

having a free-(qg) %?legﬁ_rb?lietb\fo@ifngfagé‘fm s2Retll flbndHelfoud Eondistig 8P @tieadt ohbS- /1.3

and exhibiting a shrinkage o ess than 10% conprising: (a) an isocyanate,
(b) at | ealkyl aianoatsl, detivaieves 0f ah ldayiderexsikylnmlkdneatep prdcnsorsadibait leass@ne o about

ool yar koxgikaP b hiEF i SRP Ry BBt RS okl 3 YEHH OB by o "o
meki ng upagen@nmalikdlp Bor¥eiaiboliP8dRaHe \bmﬁm}mt bRwiRd bgd?® HOMS réddtibhe

reaction mxture, and (c) at |east one bllowi ng agent selected fromthe group
consi sti nmgfreat | east one al kyl al kanoate, derivatives of at |east one

al kyl al kan precur.sors of. .at | east on al kyl al kanoate, and

conbi nat i %n@%%g?%élﬁﬁ\%}%ﬁ%? i) IFE%Pr%glé?ech% %%ast one bl owi ng agents make
up nore than about 80% by weight of all blowi ng agents in the reaction

m xture. 31. Arigid, closed-cell polyurethane foamhaving a free-rise

density oB0frof Egelien mixgire wyrable 1@ foun ahoigid, #lessd-cellt padyuetharsHoamti ng a
shr i ”kageh&'l)‘i?é gﬁa%?-tﬁfelé'aeﬂs?" of IR bbatlt 1 IS4 T gs;cfﬁtt b exh?%ﬁgﬁ‘“ about

80% by weil gh gas beilng ast onhe a anoate an rbon

di oxi de. @inkdfeoftedshthsh 0% cedombprisafy: f urt her conprising the step of packing
of the reaction mxture at a packing ratio of about 5% to about 50% 17 0 7
VAR 2005 33. TiféaR&®RYaRtes| ai m 31 wherein said foam has been packed to a

AT (2L, ot FORE b RO 353 e OKOALEL 5 B < 30
800 and being selected from the group consisting of polyalkoxylated amines,
polyalkoxylated ethers, and polyester polyols, the at least one polyol making up from
50% by weight to 100% by weight of all polyols in the reaction mixture, and

(c) at least one blowing agent selected from the group consisting of at least one
alkyl alkanoate, derivatives of at least one alkyl alkanoate, precursors of at least one
alkyl alkanoate, and combinations thereof wherein all of said at least one blowing

agents make up more than about 80% by weight of all blowing agents in the reaction

mixture.

31.  Arigid, closed-cell polyurethane foam having a free-rise density of from about
1.3 Ibs./ft.* to about 4 Ibs./ft.* and exhibiting a shrinkage of less than 10%, comprising
cells containing gas, at least about 80% by weight of the gas being at least one alkyl

alkanoate and carbon dioxide.

32. The method of claim 29 further comprising the step of packing of the reaction

mixture at a packing ratio of about 5% to about 50%.
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percent ages by wei ght:

Format 2. 0% Conponent B -
71.44% Pol yal koxyl ated am ne 10. 0%
Catalyst 3 0.10% Diluent 5.0%
The foam of claim 31 wherein said foam has been packed to a packing ratio of

Catal yst 2 0.16%
4.0% 18 33.

about 5% to about 50%.

B-si de having substantially the follow ng general
Conmponent A - |socyanate 96. 7% Surfactant 017. l‘%ﬁ?@]lﬂﬂﬁ
Pol yal koxyl ated et her 4.5% Pol yal koxyl at ed
Surfactant 1.5% Catalyst 1 0.5%
Water 2.8% Methyl Formate

formul ation in approxi mte

34. A reaction mixture of claim 30 wherein said mixture comprises an A-side and a

B-side having substantially the following general formulation in approximate

percentages by weight:

Component A -

Component B -

Isocyanate

Surfactant

Methyl Format
Polyalkoxylated ether
Polyalkoxylated ether
Polyalkoxylated amine
Surfactant

Catalyst 1

Catalyst 2

Catalyst 3

Diluent

Water

Methyl Formate

18

96.7%
1.3%
2.0%
4.5%
71.44%
10.0%
1.5%
0.5%
0.16%
0.10%
5.0%
2.8%
4.0%



