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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./ft.>, have a closed cell content on the order of about 85% and

have low friability characteristics.
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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 hydrofluorocarbon, the exemplification show that the
hydrofluorocarbon must make up at least about half the blowing agent combination by

weight.
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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 Ibs./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 1bs./ft.> and
25  exhibiting a shrinkage of less than 10%, comprising 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
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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  1isocyanates 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 suitable. Other compositions, such as a fire retardant, including those

4
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derivative Smd/ ar grd?cur sor is Lil
ertvative 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
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conponent A is 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.
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20 preferably about 86% by wei ght to about 92% by wei ght conponent B. At

| east one of th ol yol (s) in copnponent B is ol yal koxyl ated am ne, a
pol yal koxyl at ed gﬂ%@?*“&% %a%?ﬂ% &RC S5 Mp ogﬁﬁgﬂtﬁépalyﬁWP%lﬁV. fHuhber of
from about d200tR0RR%He AR pol FAIRESA dther bfe &yﬁsﬁwlthéﬂﬁm%olyést&r om about
300 to about 700, nost preferabl about 300 to about 500. e

pol yal koxy! pelgel, pud groheremf dfearatdsl golpalkoxyl Kok ghitean combinatién witk ory ogr oups of
fromtw to_abo four carbon atons: that is, they a pol yet hoxyl at ed,
pol ypr opoxy?lé?fee%‘fthf)ﬂ‘igj[ﬁ%Bﬁg%f’@gtﬁg%@eg ?ﬂfgorc rﬁré‘%{'f’ 8£|§’teﬁ]8?eéldﬁ°ﬁyeséﬁose of
ordinary s k%)él'_yoli, Br dritorafidre Of thieidted fod@IkdXyRRET @hérQR c¥inbinati®@dithbnk 8E0gNi ze

sui tabl e polyols that correspond to each of the types of polyols described.
By way of mpbragfithaneted palivesterdrolyal nintasher oyprds one vemore ¢fanyong af exy| at ed

am ne may b for X L at i i I N

Vanni ch pol a7e st SEO Miofialf of B BRI oo P ha R} 8P ol

pol yal koxy! of thel cBises arg elenfplyyedr Compamsht BiRaypedny iz @ther polyyslasvayl, be a
transesterificatjon of a terephthal ate or. castor oil. TheL}%gl yol s can be
made i ndi vi SRPSFIRYY Brosaditionallyicaniexsd g rigid fgamsus prefesetily| ibo s9taloszul
Conpon i i I I m ne,
one. or ooy cPS7s AR i AL R oIRNE (P s e DM R RIRIL BN ) B U e
pol yester pakdpblyalkoeylaed amiress giolydikeoxytdtabticthak yad olyydtat pdlycdsyinndeiup
conmbi nation with one or ~ nore .of t ot ed pol yal koxy| ated et her and/or one
or nore of TRE t?r?fe 5‘&0%8?\7@%@%& qf%ﬁﬁ& POIbS?lSGﬁ&OIBPO‘WBFg’%}ﬁ%tﬁfé“'rﬂhoébl

pol yal koxyl siethyeidight of BoapéinfBt i on with one or nore of the noted

pol yester pol yoly. I'n other words, one or nore of any one of the three

noted cl asses of polyols, or any conbination of polyols fromany two or all
three of the clH3gBdenngerpieodhpthwpeaf odmappsialin emtythatidhpmivertiant her

| yol | ially th it | | in rigid :
but " pr aror b e FRRuRgls ARRREGWSEybisdBloutub B PR elerl RO 2o ees
(that is, thgine®balol tfanatd uspally Musdfif eempdixble fodnikautilizaigedCPObyeikgxy! at ed

am nes, pol yal koxyl ated et hers and pol yester polyols) make up nore than
about 50% b3gcEs: dier cxAmple.a RrpEeTsd fgrpIuda rovdpgprmenmals peserptages brast about

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

Component A - Isocyanate 96.7%

20 Surfactant 1.3%
Methyl 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%



50% by wei ght of conponent B. It will be understood by those of ordinary
skill in the art that the invention 15 enconpasses fornmnul ati ons havi ng

| ower | evwbD30510b1 owi ng agent and hi gher | evels of am neppalusot/4dashan are
usual ly found in conparable foans utilizing HCFC bl owi ng agents. For
exanple, a preferred fornmula show ng approxi mate percentages by weight of
the ingredients for one enbodi nent of the present invention is: Conponent

A - lsocyanghg g%r&@ﬁi@n%ﬁ@ﬁﬁ%@ﬁeaé’ed%féa el witiek ﬁs@&@%el@éﬂmnent B -
Pol yal koxyl at ed et her 4.5% Pol yal koxyl ated et her 71. al koxyl at ed

am ne 10. O%HCZQ'aseSmthadtraﬂiswnaHI/db@aW@Ifylmﬁmsltﬁdtf%mcmmﬂeyh@ use oti theslkylCat al yst

3 0.10% ent  5.0% 30 V\at 7 WO 03/051097
PCT/ US02/ 40%‘%21 oats RIQWIE AE=Rl éf*f%’ﬁ $e§‘?§fef%°‘f tgf‘%"éé%%g"‘ifroefén%%m%é ©whi ch
sur pri singl Mrediogbther polyol BYHARRS & drd kh&\en 6 eRs] A8 3pectficlylihédiNdsdf withe
finished foam despite the use of the al l%he al kanoat e bl owi ng agent. It

shoul d be ubgeseensand tedrdings of s MyeH s 1 ady priagssied thenaventigneabsent ot her

he’ scope. akat BaBHR! B AN, hAREoR du PR BRUM SRR o REpRE ™ 7

i nvention, alkaesutes dorthacélhgrnenireof tetfoam Ntimidstirpvbe duatgativnsepéticacart i ng
the plasticizing effect of alkyl al kanoates on the cell structure of the

foam el i mi HDOP ERRCHKEY profils %tpﬁﬁ@lyéklﬁét@ﬁ”é‘%éﬂd raiging e flash peint P thepr of i | e
due to Cat al4stod Mdadith bl ag{}qevg% sing the flash point of the 10
reaction mxture to accep ta As will be readily understood by
t hose of ordi nar \ssklllbe readllyhmdersttood)by phrozel o€ omlgnary 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.



rigid foans upon reading this specification, the types and quantities of
each polyol are determned by the ratio of al kyl al kanoate to water in the
formul a awo wBlsiodesi red properties of the finished foam pamdiSerredss4
ordinarily skilled arti san woul d recogni ze 15 preferred quantities and

rati os of pol on that ref d a particul ar and
how to adj ust th &ﬁ‘é{ﬁ?’ gylzﬂﬁfﬁ?’?%\t??@ﬁqr “(‘f%tb‘fecﬁn 2 PB‘??“’E?HH%S %rﬁ‘@ét i on
for parti cut@fnt&uaé@tawpwaimsmqﬂqﬁkﬁu@%ele{nlﬂfdato@ttw%dﬂmﬂ goirshoul d be
understood that the polyols in the conbination need not form™ a separate

conposi ti onelpi‘aaa: leagethtod compertktitsdA asd B. Ehﬂgbr@entngmdDéaikylt@kﬁmam(oorrponent

20 B. Thus i.S not, necessar m x the three uents of the

m xture togg?rhvé’rtw?Sn 8?%e%urfﬂrél¥ﬁr§0%f{h°%ﬁle?t8‘éf?ﬂdﬁgég FOMU"B by ni xi ng _
the pren x itloduéddgo theRRitidnHeixtRgbe ia@BF § sefar0 sRAREHk Bjusklitangugh that is
an option. The ingredients of conponent B may be m xed in any order, and

the pol yol scorifinpied se datithsapaltingqopcerntiagn @é&ﬁalcaﬂwéalkaso%@ﬁmgnéatwe .
09% t t
s ool e SRR RandSe RS e300, SRS 05 B | noct

5% by wei ght, pre erab ywelght
nmor e pref er sdplayatd itmb@laﬁy,lb%dd)bn meugkltwélghtaifmarea%lbg/m\mu@ht fromat er. It
I s understoaod that the wate ve not  only as bl owi ng agent but

also to addatfqu@ il I?XIWF‘(Shtttﬁé‘b%tslt;l%’l%ﬁfefa’f’b’aﬁi‘?m @Bﬂ‘ﬁé‘r’(ehl’ WBI&hlE fq ‘H&ut 8Gnpri ses

o enur i, BRES ing SR 7 Ve oFBLON) o101 B G0k Soptgte on/ o
derivati ve total/aoroupt efthlowimg aghﬁ(sepfe)senttmedtdh omaipesempnam tieedtabs about 15%

by wei ght, referabl from out 2% to about 15% vvelght of
cgrrpongnt B O%blﬂﬁl fdl-ingre ’ﬁf‘fﬁ/‘@%&?‘%@@eﬁt% eFm @ fopraias nﬂ‘ﬁ@r%l%lol%ﬂ I8¥Ranoat e

(and/ or dertoVi%hh\é%g?dﬂ%aﬁfcd?ﬁ;?r?éérl&@rthainw/ﬁﬁﬂwe pr@fefaBt ReluRgd 10, @
T n et B

separate streamin addition or in place of tha be in either or
bot h of conponcpreterablyieds Qan'ﬁh@lté&(m@emcradﬂb’llcﬁsshmabahk%%,layWalrgbaCECQor

deri vatlve ursor.the n corrponents A and B and the anount 5
i nt r oddced ?Ig,%/Cﬁergaﬁlg?rgﬁ R??(St"lﬂ%&))g #ODYf a separate streamare adj usted
and coordinated so that the resulting concentration of total alkyl
al kanoat e (or deMovapiefeabl AW el HROBIaS B0t SF BRMWin® heeR} pleg@ether upon

m xing Corrpgarcl;%rc]:%rsnpéneanrt] gmc|13 mat?lg 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



Separate streans, if any, based on the total weight of the resulting

m xture is from about 1% by weight to about 12% preferably from about 4%
by wei ghtwom3abowat 8% 10 O her bl owi ng agents nmay be enplraydaopnosas | east
present, but it is preferred that the total amount of blow ng agent(s)

present in each gorrponent and in the total conmbination of all _ingredients
mi xed toget her t&OMBPRSY B Bavplae cortun oot ingrefiens ayesired, khosepLordingny £ oam

conprise le : #0Y; i oly : 9

preferably ?keﬁ!sltsnbt an a%g%?d@&? megs“b%&%gﬁ“? éeésdsﬁt?%gﬁggtggﬁg‘@&f éﬁl\/\ei ght
CFCs, 15 HCHgHs], forr@srmiulatbons @ad bwmss map de eyglaed ib trepreskbrievatiehas ateslly,
however, thg total .a nt of bl o%ﬁ ng, a entfazﬁ g{)esent CH;’ . each conponent
and in the totSPPSHAIRaISHAaEAuC $5 A R1aUHRE bINYRS CHGREREr to form a
f oami ng g Xﬁ%s?h&ﬂ@?ﬂa? HREncorpthRd irtd teymixiae @ fmid e rbststade. OfRY! d
conprise less than 1% by weight) CFCs, HCFCs, HFCs, fluorocarbons and

hydr ocar boneommealy used addifvesraes eydadi y}-contamingecanpasitons suabf astsagion 0if agent ( s)
present in each.conpanent .and in C i nati on of all ingredients
i xed toget Hora S BPREAER. 3G hBviT Sron Bh R PR Peef or' TTgra Foam

shoul d be f&eanplé, aFHasmethRGarendiF4sid fdrmatios mhitanss, andlystwabibmag Hons. 1t is
especially desirable if the total anount of blow ng agent(s) present in
each conpon@lrln‘ﬂenésﬂd in the total conmbination of all ingredients m xed
together to 25 forma foanmng mxture to be blown to forma rigid foamis

al so s tanti al f and( LS, I .1, % by
wei ght )L!Lthf any OF ﬁrﬁ%gﬁg% ?qtdu(‘ttOg@B glﬁr?t Bu{r;llggtt())g%r? ??Jdt’ gg&hgfg%gg}?gg%tlé zra{%g
par ti cul ar | ghdmbee oninyeotheranble devscdhemrhonlg dnown intheutditstry b yedartdact ocar bons.

I deal Iy, the total amupnt of blow n nt(s),present in each conponent and
- the t ot abroCOHBTHAEONICSH haroeriag blGrAS S RER TOGRERRL S or 90 a
foani ng m x{seERnhe A8 iR W%lisﬁirf {BE MeAd kDAl weAan Rt t%%@tﬁ&laéﬂd'télek]iyanﬁr ee of
any other organic conpound at acts as a blow ng agent, optimally free of
such or gani ® loonpigichtam. Bhe methoidefdlie énvientioraniey he neddrio produee ey densdyrpounds

such as S'other . o RiC..CO nds. ¥ what 1s nt is ¢ unds ot her than
the al Ryl ~aPLrBREEr By BT at A DabreBah o CteibatR R RERRTE o

03/ 051097 P&LE/MISER DR ive pRIFOAIR VucBtHiRhedhGPoLBBLHd BbMRIofi Ngr edi ents as
desired. Those of ordinary skill in the art will readily recogni ze several

types of i neRrBRRnSAt 4 tr Hsviiydraxy! groaps 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 derivative 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



rigid foam fornul ati ons and those may be enployed in the present invention
as well. For exanple, a fire retardant such as those containing brom ne,
chl ori ne wo 08/0ptwesphor us nay be incorporated into the m xtrararSvz4osapar t
fire resistance. Gther commonly used additives are hydroxyl cont ai ni ng

conpositions such as castor 0qjl romati.c pol yesters, col s .and/ or
alcoxy! at edPeBFYPL B e Shod asiBisre<prion Boesnaite afty Ko g ng

styrene), gaé#lt {5 dHRE 40 tmémkﬁlatu%aate%e ?évxﬁ(sfo%ﬁ&wwlﬁgra erité andjéz{sgﬁﬂt s. 10
Conmponent A conponent B may be m xed, such as throtgh a static m x

chanber or theyfoanmery lmua@hatdaay leve lezy@hdnmbq' achewen may henadinninated entyrelyby
standard p ures to €. h ous bI conve ti onal

f oans, the l’rgg% Vvl © %Bp ° B '?gﬂog%mma%‘?%‘ Eﬁ%ﬁ’ﬁ’r\{\%b%hyo\xﬂé to react
t oget hers angre, H@p@@obndtfpsds%m dsl dbsidled RaMhard N6%TRE AN 9% dritiven Iddyent i on
may be used to produce | ow density 15 and standard density as well as

hi gh- densi t handaare2% by wetehe et Ca, B EC&@ﬁém Likewzgeethgioghed substitutede| at i ve

Pyar oyl _or Btiack P sl bt S P B ERAR o Ry FENRE Mhoudh ) <"

general |y f rigih fab@sbf ﬂe@rlﬁe dedsapaxihighad 4 1BV, Mﬁﬁs@mbpthbleﬁﬁ)b&w’l@hib@ne
foanms, the weight ratio of Conponent A to Conponent eqrally vmthln

the range fH§fPaDs a%mmq_ﬂa@d lim depsitigigmen 1Qpery sugh aﬁuahcfléﬁaio ftt’ éo alpsy

100: 80-,100: r t OH
P T P b R A St e S Z*BOut 2.5:1
The rigid faﬂamltﬁrSdHlAﬁéd by the nethod 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 unsubstit drogarbon ot.her tha n al kyl

al kanoate. In fag/{ore(?vfr §Brpnﬁ‘é1§ryr’§lf£¥rﬂéofglﬁmq§ﬁ IRyFRtion exly tleéQF@émof any
or gani c comﬁmﬁloaan@abﬂhp%sﬂmlfﬁuéﬁd to sadléfﬁtesaﬁaa@ds %aﬁln‘fng%gsfﬂ?a)ﬁ ®vgn be free
of any such conpositions. Yet, the foamstil has a cl osed cell content of

at | east 85skrinkage b)ymlmlelpyrsmmtlto the testmlsocbfofMM@@ﬂér(éthl shhekws in
t he cell] f er.ef mr.e th 40% b 3 ht and
al kyl éianbsarf %%nhﬁ erFmdgf‘%‘e%ﬁ? evoﬂ droe B}i’ré E%B?rgu%/%é? 818{“5 eg’tm)re
preferably steﬁ@rw)arh@bmwfo&&ﬂ/gfbms\ﬁw&hbn il bk usd®ih @hd¥e &l b@@hbmmﬁfe t han
about 95% by wei ght, even nor elggre erably nore than about 98% by wei ght,

and rost  prapBe semplisase 33 CHbSUB3dd% by wei ght or even 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 WO 03/ 051097 PCT/ US02/ 40554 particul ar, because the nethod of this

i nvention does not require any organic blowng agent in addition to the
al kyl al kap@mawnel09t he | evel of ot her blowi ng agents and ga®es/usn24dsbe f oam
may be set at any |low | evel desired and even may be elim nat ed entirely.

Thus, by way of exa the gas in.th Ils ai n ss t han, 20% b
wei ght % y H%FR%HP “i?f ‘%sulégﬁmg’inlgé@nﬁé?s ﬁ[lu dnvlegté%“ ¥Bhan 5%’//0
or even | esﬁle stuB?tﬁhti]al 9ﬁ1f<?rrﬁ’1@'§bf‘6€ll 92k afd gé)Sltl]'@FS@%uh@ﬁ%rdd’f@ \Ahtﬂéﬁi"be?ﬁ t he

ot her substituted hydrocarbons or even other organi ¢ conpounds nay
simlarly | boundtd.anppetticulghtheetygapplicantsbelofverthas ghase s@r@émﬂtmya@shhl gh as 4

Ib./ft.3 may b ccep abel certalnu t hod have
densi ti a5 olShTPDAERTDOgke SEPHIHPaBraaF incyidiSe g Mpriea oot te /'t 5.
preferabdy abomie ahd%ts'}ﬁ’ Heibmanggoalbout 4 |b./ft.3, especially about 1.3

| b./ft.3 to about 2.5 %b./ft Moreover, surprisingly, the foans of the
present invention exhibit excellent dinensional stabilit easily

sufficient to saPpakiye efighebthesreseinyantgn pesfeon ghent Sheto %’ﬁlﬂli ﬂk/a,ge by

vol une pursy 0 0 IS
referred to %Z%rgl?lg,ffl tal?o%?gﬁg‘étagé?%ﬁzg/{)/ %erq%%l%sb %\2@%@%&@%% t%lg t hose
test stand20%s.) Thus, the foanms of this invention may be used in those
applications that require corrpl iance with 33 CFR 183.114. Di nensi onal

stability and other.desir char.acteristics of the foans of .th pr esent
hvent i on my enHanisUEne ki B RO G RO el g spact g, "a 20
gi ven apuntcpt ah@gplhpamh@wma%&ng hﬂwafw b tBé ¥i8fnd \Kfﬁl@h 18R MRVIERE, 1S
injected into a closed or substantially closed space of a given vol une.
The per cent afiéiercheovey ithyill betspahthetibe sevseal aivantagsh gfréecmvenhen fsachiexekeds t he
vol une of thed njecte S ter pa k factor.

Thus, if 2. 9" p;g)tﬁgaa dvsﬁ?tageogﬁ]rﬁgl/s atgnqerdeés ) @8?‘%?&150@%1‘: nﬁad@  foot, and

2.3 pounds @boviehgethaRmnt SomPbEGE RN ititud dépaetiSeeimake &Bpwbﬁfeawehabﬁ jit ¢l osed
space having a volune of 1.0 cubic foot, the pack factor will be 115%

Packi ng of isHBtendahihat alk mattes containgd iy the abave daseantianshall be interareted as

densi fi ti i cell walls within the finished foam
The result ?glsg%ﬁvev%g%%? r@%ng{ngsgﬁsee stable cell and, therefor, finished

foam Moreover, such packi ng and
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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 fini swedsbsmsr 11 WO 03/ 051097 PCT/ US02/ 40554 A par tceuisaz/koss4
surprising result of packing m xtures of the present invention is the

substantial uniformty.of cell size and density distribution gradient.

W t hout bei é@éﬁbﬁiﬁﬂi—eﬁé@'any particul ar theory, applicants believe that

t hese characteristics are_the result qf a confination of_ physical

paraneters incl udi ﬁgm‘?tﬁ%gf%ﬂ‘%q}@ﬂlg‘ar oflogedeee pﬁf&‘fﬂﬂ@egﬁg‘“ﬁl"gmﬁiagher

boi i ng poi fe.{BRAKISRY of AbinCbotf 1.5 MACas GBSutlMEM | S &hfbififPm about 5% to

about 50% p?ggeréggpgo¥rom at())out 5%to aboul% 25% and m)relprg;?]erabl y from

about 10% t shratkape¢ of R&9harl t0%scammpiresiiemliximgtogether: speci fi cati on be

consi dered exenplary only, with the 10 scope and spirit of the invention

bei ng iq?icated 8§ the claijnms which follow In view of the above, it wll
hat the

be seen &5y R it ant ages of the invention are achieved and
ot her advant ageous results attained. As various changes could be made in

the above net hods adkdstedaPOBiol hnsg whidioxyl migder bf RGmiabou 1s0ao sbare of the
invention, it is intended that all matter contained in the above
descri pti on8%hand bayes selrctsddren die greun sonsisting of aelydlkoxyldtedamines, a |initing

sense. 12 V\P?&gllﬁ(gg;li%]%ge %égﬁg%g%g%ﬁg%yﬂgﬁgn' s claimed is: 1. A nethod for

produci ng a ose oam having a free-rise
density of fromabout 1.3 Ibs./ft.3 to about 4 Ibs./ft.3 and exhibiting a
shri nkage of | esf)albdowibf¥gentcelpetied frog thie grovy doogstitpeof m&hyldprmate,

i socyanate, ,(b) .at |east one pol yol havi droxyl nunmber of from about
1507 o HhoutMsats i oy iulR bt b e bt e iertragne
pol yal koxyl glepghram nes, pol yal koxyl ated ethers, and pol yester polyols, and

(c) a blow ng agent selected fromthe group consisting of nethyl formate,

10 derivatives of nethyl formate, precursors of nethyl formate, and
conbi nat i onte form a reaction mixture curable to produce the foam. '

2. A method as set forth in claim 1 wherein all polyols in the reaction mixture
having a hydroxyl number of from about 150 to about 800 and being selected from
15  the group consisting of polyalkoxylated amines, polyalkoxylated ethers, and polyester
polyols, together make up from about 50% by weight to 100% by weight of all

polyols in the reaction mixture.

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

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

20 4. A method as set forth in claim 3, wherein the blowing agent is methyl

formate.

5. A method as set forth in claim 4, wherein the method comprises mixing

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

6. A method as set forth in claim 4 wherein methyl formate makes up more

25  than about 80% by weight of all blowing agents in the reaction mixture.

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

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

13



thereof; to forma reaction m xture curable to produce the foam 2. A

nmet hod as set forth in claim1l wherein all polyols in the reaction m xture
havi ng a wpdsoxywb7 nunber of from about 150 to about 800 amdThsozigpssel ect ed
from 15 the group consisting of polyal koxyl ated am nes, pol yal koxyl at ed

et hers, and pol yester | yol 5, toget.he ke up, from about 50% by wei ght
to 100% by wei ght: éfmatlhgga%ﬁt%fhmﬁia‘fnh{ew %rﬁlf’trf‘%m' Wﬁ?é‘?aﬁ( S UAMRES hod as

set forth ify, 'aﬂi&‘%% l}}'&v&ffgﬁfopﬂmlﬁvﬁign&eﬁt@% HeGPacBbn hGRGE NG the
i socyanate and the at [‘east” one polyol” i'n the reaction m xture to produce

the foam 20 4. A nethod as set forth in claim3, wherein the bl owi ng agent
is methyl formaPeA Bethed aesehertheia ddaam § whengin metbylaformate apthaatsrn t he net hod

oent Lo 1 ol REmHRERk EFe R ph o w Rl oI MaPhede i e C1'ai 4

wher ei n gret fabtidromiae. mekes up nore 25 than about 80% by wei ght of all
bl owi ng agents in the reaction mxture. 7. A nmethod as set forth in claim®6

wherein nethyl formate makes UP nore. .than about 90% by wei ght of all
bl owi ng agents i AVt AdN¢thetas shiarihipglaim S1sherginanstng foghatpend wasp/ 40554 8.

A et hod asgiinel kbl Aofd M ifoutoB A\ BEHI a1 RO RS BRESSpip ore  than

about 95% by "wei ght o W ng age n the reac n mxture. 9. A
met hod as seacti@rmixtume. cl ai m5 wherein nethyl formate and water together
make up nore than about 40% by wei ght of all blowing agents in the 5

reaction m xture, . 10. t hod_.as set .farth in claim9 wherejn nethyl
formate and Watga}l‘ gdﬁ‘gl“ﬁ?s ﬁ?g@éﬁﬂﬁcmglot%ela%‘%?ym%%%?a Vst of all
bl owi ng RgefgstheNmbkEup ﬁleeecﬂlh@abduwsw%ﬁwé@hto‘kamm&gaageraﬁﬁn ferth in claim
10 wherein nethyl formate and water 10 together make up nore than about

95% by wei gFfactyin mixtung] owi ng agents in the reaction mixture. 12. A nethod
as set forth in claim1ll wherein nethyl formate and water

12. A method as set forth in claim 11 wherein methyl formate and water
together make up more than about 98% by weight of all blowing agents in the

reaction mixture.

15 13. A method as set forth in claim 9 wherein CFCs, HCFCs and HFCs
together make up less than about 20% by weight of the blowing agents in the reaction

mixture.

14. A method as set forth in claim 13 wherein organic compounds other than
methyl formate make up less than about 20% by weight of the blowing agents in the

20  reaction mixture.

15. A method as set forth in claim 13 wherein organic compounds other than
methyl formate make up less than about 2% by weight of the blowing agents in the

reaction mixture.

16. A method as set forth in claim 14 wherein the reaction mixture is free of
25  CFCs, HCFCs and HFCs.

17. A method as set forth in claim 16 wherein the reaction mixture is free of

substituted and unsubstituted hydrocarbon blowing agents other than methyl formate.

18. A method as set forth in claim 16 wherein the reaction mixture is free of

organic blowing agents other than methyl formate.
14



t oget her make up nore than about 98% by weight of all blowi ng agents in the
reaction mxture. 15 13. A nethod as set forth in claim9 wherein CFCs,
HCFCs anawHdHRG®s10bDget her make up | ess than about 20% by weicghtSopfiosshe

bl owi ng agents in the reaction mxture. 14. A nethod as set forth in claim

about 20% by vei 4t %”Bﬁé’@g%aegtarﬁént GER LV Trbiibe Soth) BaEv R R ve. 15,

A met hod asyz&nif Qobvihd dbeffsdh Mekdadd8mBkir®r gani ¢ conpounds ot her than
met hyl formate r?‘{a@e upg&gss? tha?n z<1';1bout 2%rby wei ght of the bl ow ng agents

inthe reaction mxture. 16. A nethod as set forth in claim 14 wherein the
reaction m xt ur e20.sAfreassiopfmixse Grrdele tHOros mgid, qliFs@d celi polyargthansddamas set

wh h d and
nsubst 1t ut AR ASERr aFRsi) S6FRET sl B ehaly B )7 aRLAHAEAE €157

met hod &s Sgiruﬂ(@gébflleg!;tﬁhrﬁl(ﬂm,l&nﬁm%ﬁ :n the reaction mxture is free of
organi ¢ bl owi ng agents ot her than net hyI formate. 14 WO 03/ 051097

PCT/ US02/ 40554 19. A nethod as set forth in claim5 wherein the nethyl
formate and wat ef?)@R&EOCYHBNI y bl owi ng agents in the reaction mxture. 20.
A reaction mxture curable to forma rigid, closed-cell polyurethane foam

having a free-ri g§ J8RAsichY¥ pfyof ﬁ%gﬂbﬁg&o; 1%&1% bf from abButd Li{: aﬁodtbs [ft.3

and exhibiting a "5 shri nkage of |ess % conpri sing:
i socyanat e, 8Q%anchbelmgmct&drfeorpﬂhwgmu1haomsmgngoﬁy@iydkykylatﬁd’amnnes;‘ fr om about

150 to about 0 gnd, bei d f of
pol ya?kgxgrg?lé’%g Rtgge e‘ﬁo?@f&?‘ﬁ ?ré’f’[%'(‘.?w E ralgtu B@/H@‘k’é’% “[Boff%l s, the
at | easto ONsORAyWHightak i1 08y &élgm&fgu%%&wmw &H&uérﬁnib@&@ém wei ght of

all polyols in fhe Feaction rixture, and (c) a bl ow ng agent selected from
t he group con5|st|n% of nmethyl formate, derivatives of nethyl fornmate,
precursors of nmefByl lwﬁ&ag@t selgetcd Giom thaerawpsonsisting of methyl formate,

derivatives of methyl formate, precursors of methyl formate, and combinations

thereof.

21. Areaction mixture as set forth in claim 20 wherein the blowing agent is

15  methyl formate.

22. A reaction mixture as set forth in claim 21, further comprising water as a

second blowing agent.

23. A reaction mixture as set forth in claim 22 wherein the methyl formate

and water make up more than about 40% of the blowing agents of the mixture.

20 24. A reaction mixture as set forth in claim 23 wherein the mixture is free of

CFCs, HCFCs, HFCs and hydrocarbons.
25. A reaction mixture as set forth in claim 20, consisting essentially of:
(a) an isocyanate,

(b) at least one polyol having a hydroxyl number of from about 150 to about
25 800 and being selected from the group consisting of polyalkoxylated amines,

polyalkoxylated ethers, and polyester polyols,
(c) from 0% to about 50% of at least one other polyol, and

15



thereof. 21. A reaction mxture as set forth in claim20 wherein the

bl owi ng agent is 15 nmethyl formate. 22. A reaction mxture as set forth in
cl ai m 21, wbwsiohmp7 conpri sing water as a second bl ow ng agemusoR2As5A
reaction mxture as set forth in claim?22 wherein the methyl formate and
wat er make up nore than about 40% of the bl ow ng agents of the m xture. 20
24. A reaction niQRahleviag agent selseted fiom W gropprengipidteiinethyl fimatere is free

of  CFCs, H%%ivtf&,ﬁéﬂ tﬁ%ﬂﬁt&éﬂf@ﬂ%ﬁs: oﬁr}ig@ foR&k] mmlﬁrgﬁyés set forth

in claim20, consisti ssent an 1 socyanat e, at | east
one pol yol tmwofig a hydroxyl nunmber of from about 150 to about 25 800 and
bei ng selected fromthe group consisting of polyal koxyl ated am nes,

pol yal koxyl at ed hers, and .pol yest al yol.s,.( fromQ% to about 50% of
e Y aast bne. ot heb. Bardsn Tt & st 2t cb g Hakink s o

bl owi ng @geg{e&g@k&gltaeﬁd fromthe group consisting of nmethyl formate,
derivatives of 'nethyl formate, precursors of nethyl formate, and

conbi nations thereof. 26. A reaction mxture as set forth_ in claim?25
wher ei n t he bl owthgAdgeationingixtuge aseteh{drthfip clgmeo, Dirthepcorapisingater thetir e as

set forth iQt%g%ggcig?})féwéﬁ?%engonpri sing water that acts - as a second

bl owi ng agen% osed-cel | pol yurethane foam having a
free-rise density of from about 1.3 Ibs./ft.3 to about 4 Ibs./ft.3 and

exhi biting a shr28kageidfclésed<ell palyuicidne Téanp hadug e drebyist densitgtofi idnof cl ai m
3. 29. Arigi

d, .cl osed;cel | yyr et hane .foam having a_free-rise density of
from about 9‘{‘31I3b1§§-?ff'tt.°§bf’8p‘gh’(§%' &n‘?@&‘?lpf‘gﬂsg"ﬁ‘&("‘giﬁfkﬁ ﬁ‘ﬁﬁla%shri nkage
of I ess d hag 4% d by @PRIRId ERinl S containing gas, at |east about 80% by
wei ght of the gas being nethyl fornmate and carbon di oxi de.

29. 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 cells containing gas, at least about 80% by weight of the gas being methyl

formate and carbon dioxide.

15 30. A foam as set forth in claim 27 wherein the gas is free of CFCs, HCFCs,
HFCs and hydrocarbons.

31. A foam as set forth in claim 28 wherein the foam is suitable for use as a

flotation foam:.

32. A foam as set forth in claim 28 wherein the foam is suitable for use as

20 structural foam.

33. A foam as set forth in claim 28 wherein the foam is suitable for use as an

insulation foam.
34. A watercraft comprising a foam as set forth in claim 31.

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

(a) an isocyanate,

16



15 30. A foamas set forth in claim?27 wherein the gas is free of CFCs,
HCFCs, HFCs and hydrocarbons. 31. A foamas set forth in claim28 wherein
t he foamwe swstoabl e for use as a flotation foam 32. A frearusag4eser forth
in claim28 wherein the foamis suitable for use as 20 structural foam

33. Afoamas set forth in claim 28 erein the foamis suitable for use as
an insulation f SRt 1°§$.°“RRR/L}PEP%‘P%$? Xéfﬁﬁ)ﬁlrg‘rnﬁ’ﬁr ?fr@&rﬁbagt Loitopbeyty i n
claim 31. 3%09&%&9%%1%&& i?&QQH@gI?gp Rodsisdin ,ogséélc}?lg(gx;/queh aRfplesur et hane foam

having a 25 free-ri ensity of “from abou t.3 to about 4

| bs./ft.3 anpdlyebkiokilated ethees, ashpolpéstaeyeobyold, esd t han 10% conpri si ng mi xi ng
together: (a) an isocyanate, 16 WO 03/051097 PCT/ US02/ 40554 (b) at | east

one pol yol having_.a . hydroxyl nunber .of from about. 150 about 800 and
boi g sl ect od { TOm GG e EERED 63 HeaP BIRYrbiat 188 el

pol yal koxy! afkafodé, efisativasnef fakaseshedlkAQbste, [Bchrd3 ofatlbAnbigalrgent
selected fromthe group consisting of at |east one al kyl 5 al kanoat e,
deri vat i ves alspnegte, [aad sembigatiensithereaf; kanoat e, precursors of at |east one
al kyl al kanoate, and conbi nations thereof; to forma reaction m xture

curable to gy R eBé?T%nfn?i% re Bta lét‘?y?ﬁ)%'i’me% ure curable to forma
'l poly ]?oa

rigid, closed-ce ur et hane having a free-rise density of from
about 1.3 I bs./fHe34t - -exhihi ti rd.nkage of
| ess than 10% ctgﬁpﬁ@?ﬁ%?lﬁ%ﬁuégé?@fgt&goﬁg&%g ?b‘;lgéae{d #gg&?%y%%lé;ﬁ%o %I

havi ng a hytavinyh freerise demsityfof Gronakbout 1.336s.40° tahboit 4 BO0R. A baibignge! ect ed
fromthe group consisting of polyalkoxylated am nes, polyal koxyl ated

et her s, L &ind SK8e PEIESI8RY 6%, CQMRIISIRE'| east one pol yol naking up from 15
50% by wei ght to 100% by weight of all polyols in the reaction mxture, and
(c) a blow ng ag@{)tans@c%{a%j fromthe group consisting of at |east one

al kyl

(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, the at least one polyol making up from
15  50% by weight to 100% by weight of all polyols in the reaction mixture, and

(c) a 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.

37. A rigid, closed-cell polyurethane foam having a free-rise density of from
20 about 1.3 Ibs./ft.” to about 4 lbs./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.

38. The method of claim 35 further comprising the step of packing of the

reaction mixture at a packing ratio of about 5% to about 50%. °

25 39. The foam of claim 37 wherein said foam has been packed to a packing

ratio of about 5% to about 50%.

40. A reaction mixture of claim 36 wherein said mixture comprises an A-side
and a B-side having substantially the following general formulation in approximate

percentages by weight:
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al kanoate, derivatives of at |east one al kyl al kanoate, precursors of at

| east one al kyl al kanoate, and conbi nations thereof. 37. A rigid,

cl osed- ceWwb (pobkyur et hane foam having a free-rise density e@cTfusonoszd about
1.3 Ibs./ft.3 to about 41lbs./ft.3 and exhibiting a shrinkage of |ess than
10% conprising cells containi as, at least a 80% by wei ght of the
gas being alOPWREEN Aohe al kyl afsgﬁ%&ﬁftee and car boﬁgg}’/bxi de. 38. The nethod
of claim35 further conprising theagifp of packingiab,the reaction mxture
at a packing ratio of about 5%to about 50% 25 39. The foam of claim 37
wherein said foam has been packbethyd Farmateki ng rai0do of about 5% to about

50% 40. A reactio i xture of glaim 3 epein sai,d,m xture conprises an
A-si de andcgnﬁpg?rgéinhavi ng subgf’%ﬁﬁoéﬁﬁéﬁfﬁgrfol I 6\%}?’?9 general formul ation
in approxi mate percentages by pelygikbxyldtéd éReP3/ 05109y, PCT/ US02/ 40554
Conponent A - |socyanate 96. 7% Surfactant 1.3% Methyl Formate 2. 0%
Conmponent B - Pol yal koxyl at ed ePpplkexgeted apaneyal U8HYH at ed et her 71. 44%

Pol yal koxyl ated am ne 10. 0% Sug{l{ﬁ: t 1.5% Cat ah%s} 1 0.5% Catalyst 2
0.16% 10 Catalyst 3 0.10% Diluent 5.0% Water 2.8% Rethyl Fornate 4.0%

18 Catalyst 1 0.5%
Catalyst 2 0.16%
10 Catalyst 3 0.10%

Diluent 5.0%

Water 2.8%

Methyl Formate 4.0%.

18



