WO 2012/ 024259PCT/ US2011/ 047855 BLOWN NG AGENTS, FOAMABLE COWVPCOSI TI ONS AND
FOAMS CROSS- REFERENCES TO RELATED APPLI CATI ONS [ 0001] This application

cl ai nms prwonpniyn2ibmpefit of U S. Provisional Applicationpbousédi®qAs978,
filed on August 18, 2010, which is incorporated herein by reference. FIELD
OF THE | NVENTI ON [0002] This invention relates to conpositions, nethods and
systens having utility as blow ng agents, foamable materials and foans,

i ncl udi ng conpositions, systens and net hods for form ng pol yneric foans.
BACKGROUND COF BHEWMNENMIGENTE OO0 M BUE ADMPOSTBICN S ANTRHOAM SNSI vel y in
the manufacturing of foam products. In certain typical arrangenents, a

bl owi ng agent and a reactive base polynmer or polyner precursor is provided

under (ROSSIKEFERENCES TG REIYVECEDAXBPUREATIONSUgh a die, or expanded into
a nold at a | ower pressure. [ 0004] Reacti ve chem cal foam corrp03| tions, such

as Culrj%lﬁ po'%&'sr%ﬁ)ﬂg%gq n IR n%?y n%ﬁ?&* Pfdo s1&ﬁ?)$§88| f Onsd in a

nunbe differ I catl cura am co typically

conpri part syst the case 0 ol r e hane foans, one part
of P hd e B R h A 32@H)d P PR 6%%?’#{‘)8%8 DY o1 de or part)
and the other part |ncI udes a polyol conponent (the "B" side or part). It

is frequently the case that chem cal foam ng agents, physical foam ng
agents, curing agents, catalysts or accelerators, as well as other

FIELD OF THE INVENTION

[0002] This invention relates to compositions, methods and systems having utility as
blowing agents, foamable materials and foams, including compositions, systems and methods for

forming polymeric foams.

BACKGROUND OF THE INVENTION

[0003] Blowing agents are used extensively in the manufacturing of foam products. In
certain typical arrangements, a blowing agent and a reactive base polymer or polymer precursor
is provided under pressure, and then sprayed, extruded through a die, or expanded into a mold at

a lower pressure.

[0004] Reactive chemical foam compositions, such as curable polyurethane foams, are
presently well known and used in a number of different applications. The curable foam
compositions typically comprise a two-part system, and in the case of polyurethane foams, one
part of the composition includes an isocyanate component (the “A” side or part) and the other
part includes a polyol component (the “B” side or part). It is frequently the case that chemical

foaming agents, physical foaming agents, curing agents, catalysts or accelerators, as well as other
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WO 2012/ 024259PCT/ US2011/ 047855 nodi fyi ng additives, may be incorporated in
one or both of the conponent parts. [0005] The m xi ng of the polyol and

i socyanatwocorpamsat s nmust occur at a proper flow rati oramaSeo/ouTsd®er
sufficient inpingenent m xing conditions for a final acceptable product to
be obtained. In the past, particularly in the precise field of building
thermally insulated containers for refrigeration units, shipping containers
and the ].ike, foam conmponents were di spepnsed using static m xing equi prent
and t Wé?filé’b‘}ga%ﬂré‘&l‘iﬁﬁdﬁ%‘rgb%QQ%P@?atth 1njoge 9 T&‘ﬁg@ ‘iﬂ’g%HOPSIHI M8y advant ageous
to use nore than one blowi ng agent to adjust the properties of the foamfor
a partj ar pli.catian. 006] I.n typical spray foam applications, each of
hen 005" B anigRiest Yoo i Y B Y aBa P beare e or
containers so that the reactive conponents can be kept separate until they
are r égiiandgnppendex adiicigntinwingsmeyt BEunHeMitionsder 3 feal geeopibissprefuct to
conveni ence, safety and cost, it is comon and desirable that each of these
cont aibe@bsmimed. Hrthopastppantiailardy inhbe penise itk afidddingehammiallginsulated pr essur e.
The contents of these druns are each then withdrawn fromthe contai ner and
punpegoh@indrd o REFi g RERFSIHIS, ©dodtaihert Agd fiRaKeNBafe@eigonnts wete Prior to
bei ng m xed and sprayed fromthe nozzle or gun. [0007] One constraint,

howev e eﬁ&ﬁlﬁlsﬁ{g%%tifc rngmntg@g@%n{ %@gﬂ@n gﬁ}gyéae@&lnfaqlo%ﬁr fieQfh&lRY de the

reactive conponénts at a relatively [ ow pressure is that adjuvants,

i ncludi ng,particularl | ow n ents, wi.ll not be .proyvided as a.conponent
of et (RUPHREG diEEdalf EPee FRR R gk B o FES O SRe e B BO LR eoe
such adjuvant is capabl.e of remaining fully mscible and/or in solution at
the rdPERiQe) BANGIRAPBLEAHIOB: associ ated with the storage drum or container.
Accordingly, it has heretofore been known to introduce relatively |ow

boilin oi nt bl owi ng agents separately into the reactive conponent, either
the » AJOdg]" ~gin b4 ¢ad Spray Tolaepiicatiensedche! ﬁm‘? G355 dsolotmplatians

| ocation of use after the reactive conponent has been raised to the

oper atrhpgfopided susapargte drnes gupompingis #2 [teat theowestee compereecasfbetlept yeaptaiccul ar
characteristics of such previously used bl ow ng agents (such as HFC 134a),

i t hasinbkthny aecesdato\beamided ontho sprhp cquiphioie Far sepanrpdses of odnvgnicieae, exdetysuch
as a static mxer, inpingenent mxture or the |like, downstream of the

i Nj ectah@Qo0it Rt codthoit dLRMBIOthat BRI LR EInthinKisE dHENd EBintaBbiCtRc @ separat e
m Xxi ng device has been heretofore used in order to ensure that a relatively

hormogeRRANS uﬁhé&frl%faﬁv% léxl)?ré%ﬁ}é‘? ‘ti*ﬁe efMs QMG§eh(ﬁuﬁ1§§fétéa £ HEATRARERLA S) TS

present at the nozzle’or tip o e spray device. According to prior
practice, .,the failure to ovi.de such a m.xing.device woul d frequentl

br odudih s ouaier Al putineliQ s e SHHRCthler TeSamEISALinI S PRO Bt ¢t ne
material exiting the tip or nozzle of the spray device. The incorporation
of suéﬁ“@IﬁVﬁ@ﬁn%%gaﬁﬁ%ﬁﬁﬁSﬁéﬂﬁééﬁréé%sidered necessary in order to ensure
proper honbgeneous integration of the separately added bl owi ng agent with

t he conbi ned pol yol and/or isocyanate conponents. The need for such . a

furt hdPO4il xer Gns QUErAY. BHVENSTI FIWIRE @%‘ingl?ff flgsire gpd gisricee &0 gererd Prevdds d

bl owi ng agents whi ch have heretofore been added separately into the polyol
and/ orth¢ wadparatmposenteaimstelainilydow pedssan iathpbagevaats inghulifg pguedady been
successful, it neverthel ess has the disadvantage of increasing the cost and
conpl éxiviyig @aferthavili st Bapiooidel as wicogpanat df Spengienh tdre B’ gars inich her nor e,
applicants have conme to appreciate that the use of a liquid blow ng agent
havi ngiRady Gimd 8PEGRaiRErs %ﬁieb‘éﬁéﬂclﬁ}aﬁfu%ﬁ% BigableYo firénhilf gl P ﬁﬂsfc'i‘t?l@ @nd6# ol

and/ or isocyanate streamis highly advantageous, even in those

X ¢ . S . ' . 00081 Ri ai d
circu %mgﬁ 3?‘[1{1% ?elmae;f)glo'rﬁ %ﬂF?Sug%%SI)SIB&QtG% %flt‘gf[ﬁ? ﬁgtfa%g?ﬁﬁﬁ Gr é‘{f&qﬁer. [ 1 Rigi

pol yurethane 1 oans era use I'nsu 1on. For this

Accordingly, it has heretofore been known to introduce relatively low boiling point blowing

agents separately into the reactive component, either the “A” or “B” parts, at the intended
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application, they can be foaned into nolded articles such as panels. It is
al so possible to fill hollow spaces of all types with a spray foam in

whi ch caswothe/hemm once formed, preferably al so acts &sTasgtiwaersss al

el ement and preferably has some | oad-bearing properties. It is WO

2012/ 024259PCT/ US2011/ 047855 furthernore possible to spray rigid

pol yur et hane foans on tabul ar supports. [0009] The quality and the

properties of the rigid foamforned depend to a | arge extent on the

D F b tofE0n s Uy TCRANE SOTPPRR BYS HORE THBUHES SBEHITE NERURl BREE of
certain suspected environnmental problens, including the relatively high

gl obalor wezak-ndoyetandcayss of Hy partiaasharelsristiqsoh syt aYioaily vssiddeviged wi t h
the use of sonme of the conpositions that have heretofore been used in

bl ow ngemg&nth apHFCeBdnpishas ibtethas eiranoame donon@awi inghye degparadbinexitg use
fluids having | ow or even zero ozone depletion potential, such as

hydr ofdeviee a&al RO stafic MRS, impindtdfent fbdeuid SR tRf 1idd, Hbwastichtorde: MRictisANt ai n
substanti al anmounts of ozone depl eting chl orofl uorocarbons ("CFCs") or

hydr o n N ") ddS.des] : I 4704 HFC
1 U d L AR B g e AR AR P A AP RS
therewith,.and it is desirable to use. hydrofl| uorocarbon.gr .ot her

f I uor 1S AR 61 s OREUORg SIS s el MamPRna  paRHE RS s tevBa e, o
whil e mai ntai ning the desired performance in use properties. [0010] An
accept8fthe eagiiva CampARCIYS ititagscRlGHE Hhe 1als A Pl s e $0éSeSCePrTRREDCt o

achi eve conbi nati on of properties. For exanple, such a bl ow ng agent should
meet enwr powiem thel fadurg e araysdesycihamikiggaleyiooworhizeqieptlepiodgcaand gl obal
warm ng potential, and it preferably has | ow or no content of volatile

or ganivha&eppbledsmas g essultiof thaMdtdro gdreopy ddtictdr of thefmasig .exitingshotp dr al so
have | ow i nhalation toxicity, and otherw se be relatively safe for use and

expos yesle BF ﬁlfe%Blaa | d¢vicBerid iﬁwrﬁ&aﬁgﬁ Bt such aGhi&B KRl thdfe Bt AR cBRddered
nonf |l ammabl e. [0011] The boiling point and vapor pressure of the bl ow ng

agent . Lmlar. .t i I use,
o T haRORhY LB e eoreh BorRLARERER L YA, ARSNGB HLERE, (R0,
expensive refitting. For the same reason, the blown ent''s solubility in
Ehe’ paediat e op i gobe! G as SHEC Rorgpetaty reatr ST oty BROET ow g
agents in WD 2012/ 024259PCT/ US2011/ 047855 current use. For applications

i nvol viuer ipdrg tresolubifityamscibbity peoperics afthediqeid Wpwingeens sxliighighaygent shoul d
have | ow thermal conductivity, have a favorable closed cell size and shape,
and haestdfow twen peddl depargtetyhmauidb pblyel wval/ drsisafyatdie sthaame AVhilloset acel |

pol ymer matrix. Blow ng agents having a relatively high vapor pressure wll
al so tayfahgahdny hixafequantlebadn sueds i, dhhedtbdifidisss Bas thatdesadihitdut TFancr@fsegent

processi ng probl ens and effect properties such as perneability.
the cost and complexity of the system for forming and dispensing the foam. Furthermore,
applicants have come to appreciate that the use of a liquid blowing agent having a high degree of

solubility/miscibility in the pressurized polyol and/or isocyanate stream is highly advantageous,

even in those circumstances in which it is desired to use a separate mixer.

[0008] Rigid polyurethane foams are preferably used for thermal insulation. For this
application, they can be foamed into molded articles such as panels. It is also possible to fill
hollow spaces of all types with a spray foam, in which case the foam, once formed, preferably

also acts as a structural element and preferably has some load-bearing properties. It is
3



100121 Appl i cants have al so cone to appreciate the substantial advantage
that can be achi eved for bl ow ng agents, especially blow ng agents for use
i n spray wppbizad4fseans, whi ch have sol ubility charact er PETiuSs0OMioiTSES provi de
certain inportant processing advantages and/or advantages in the
characteristics of the foam produced, particularly when added to the
reactive stream under high pressure and wi thout the need for a m xing

devi c t the poi. of or do tream of. the injection point.
[0013]% e %SIE 8SPW§1%C¥;HP@W@&§B%FWS£%MW&HP? conposi tions, and

particularly blow ng agents, foamable conpositions, foaned articles and

met ho nd systens.for formng .fo whi c rovi de beneficial properties
ona o0 " 5 SO 15 Ppdrics S ARkCgel TR RER s ¢ IR ieAt oh
DESCRI PTI ON OF THE DRAW NGS 100141Figure 1 is a schematic, process flow

di agr dhs Srstira andeenssd sampasition el thpSlgyiag agant pssde fRdcawse of cortal Fispasted 2- 9
are graphical representations of the exanple results. WD

2012/ ea42&ORET pEAdhs, 04 8dibg BldvivaRYelly Bighod| b vaspetgt posdntinlseindfoe sente

i nvention provides a nethod of form ng foam conprising: (a) providing a

first depleGbn Y&entidlglaseeiplasethftheiiigt dtsomelogkiat dovigoyitidhgthapPhRehdftofofai d
fluid containing at least a first reactive conponent; (b) introducing into

sai d fy I i L ;R £SSHE hd i LY - OW :
oo e hudiEbBLIELLA g AR g, b L g, S0m

or odudd BER PSR! B SRt hPORTAD obht PR ORI GGt T et %
AR TR Rt b RS TCR
flu d.(“CFCS”) or hydrochlorofluorocarbons (“HCFCs”) is desirable. Furthermore, some HFC fluids

may have relatively high global warming potentials associated therewith, and it is desirable to

use hydrofluorocarbon or other fluorinated fluids having as low global warming potentials as

possible while maintaining the desired performance in use properties.

[0010] An acceptable replacement blowing agent should therefore posses a hard to achieve
combination of properties. For example, such a blowing agent should meet environmental
standards by having a low ozone depleting and global warming potential, and it preferably has
low or no content of volatile organic compounds associated with the production of smog. It
should also have low inhalation toxicity, and otherwise be relatively safe for use and exposure.

Preferably the blowing agent is chemically stable and nonflammable.

[0011] The boiling point and vapor pressure of the blowing agent should be similar to the
halogenated blowing agents in current use, so that current foam producing instruments may
continue to be used without expensive refitting. For the same reason, the blowing agent's

solubility in the polymer should also be at least as high as the solubility of blowing agents in
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[0017] As used herein, the term"relatively high pressure” w thout nore
refers to a fluid or streamof fluid at a pressure above atnospheric
pressur e.wOo01egRdksberein, the terns "rel atively hi gh pressarseit1ansss
"relatively | ow pressure” when used together with reference with respect to
fluids and streans are used in a relative sense to designate the relative
pressures of the two fluids and streans. [0018] The term base pol yner, as
used herein, refers.ta any polymer or materials reactive to faorma pol ymer
havi ngURR! Uspras gPpifaopnbleine R apwic oaas as et e MalsTiohdha blpHing Ants
cells containing the blow ng agent during the spraying, extrusion or

mol di shogd beesloviibernal gondystipitys digre & &Yofﬂ%l%@PWﬂ@Zﬁ @adrshapg eandgiaive oY ymer
precursor refers to any material having the appropriate functional groups
condu@iempedbdity dirnugigtha wadlk pite fdaméeédgotdieeH pobymargnatex tBlosimgagents imalaigng
process used in the production of polyneric foam[0019]As the termis used
her ei n, refalil@1yihebhbl 9k pasasentl] als@fypically AavderepiReR Hbh HifRisPh¥eNghikgent
under the conditions at which it is injected into the relatively high

press . %§g / ining the reactive
corrpolr%frralp I%ts%?%\?\n& ({@FSI%@%%} ﬁsgdt%é% , E{ﬁ%{) ve‘%,jsjaf ﬁgtggegﬁlce %ﬁﬂf}?qui d bl owi ng agent”
w Il preferably change phase and becone gaseous as it exits the nozzle or

tip of[oéﬂg gum@maﬁéh%ﬁ@&%&&og\gg@aﬁeﬂﬂé Qﬁbsmhﬁiakaﬁtgg%@%@éawb% and

pressure conditions. Applicants h cone to appreclate In certain

enbodi nt§L%u Rﬁa change at Igiﬁ |l ocation in the Eroces$(f forn%n t he
f oam &aN“be fé NINEATARY STSETLY PIOSHTE A SelPL BcTisDY SPPESH My YosHs whi ch
are frothy, that is, which do not run or weep when sprayed on verti cal
sur f ad@¥e scmflﬂw QarcisEstes WiNphPIoYife SHAINVEIPQEANPT s HRE AG@niagehaiyor
applications. DESCRI PTI ON OF PREFERRED EMBODI MENTS [ 0020] A preferred aspect
of thadpangagentn thawbaractonstreslobthesioam priedused padicutaskyrvlieg dddedrio the edaghiabl y t he
form ng of a foam by spraying, conprising: (a) providing a first fluid,
pr ef ersabdry uhderdiigh proysare anntahdue the med &rauhixing davide foessiuttefoont ai ni ng a
first reactive conponent, preferably in the liquid phase; (b) raising the
pr essoRndkcadt of @a%ljc@ioRotdton of said first fluid, preferably in the form
of aliquid streamw thdrawn fromsaid first drumor container, preferably
by punping, to produce a second, relatively high pressure stream contai ning
the fijp@3)r eachfpViak® AIRRNBIN ¢onfd i dppleciald 4 ATLAMFYsRichAl MdpRARN i1y
relatively high pressure streama [1quid bl ow ng agent conposition
conpri : e Malels B :

bi(%vgl?\% %%%1‘[%’2,' fgatﬁeﬁtlé %&%&[tﬁﬁs% REJ gugﬁ%g ?a%% éﬁi?)e d1s Qg(ﬁ %);Jsgé?l@ r forming

trans- etrarl uoropropene (tran

l-chlaqro, 3,3, 3-trifl.uoropropene, . (HFCO-1233zd), preferabl

{r ans PSR RED PSR R R FRSH S £ R biee ot SR e pieaaeed ¢ni v
streamor fluid at relatively high pressure and contai ning said bl ow ng
agent ;2b@Yfd (d) mixing at least a portion of said third streamfluid with a

fourth stream fluid containing a conponent reactive with said first

conponent to produce a m xed reactive streamor fluid. As nmentioned above,
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 is a schematic, process flow diagram showing one embodiment of the

present invention.

[0015] Figures 2-9 are graphical representations of the example results.



WO 2012/ 024259PCT/ US2011/ 047855 applicants have found that the properties
of the bl ow ng agent according to the present invention are capabl e of

pr oduci ngvonexpreersedl y superior results in terns of thepabiusea/oefsss he

bl owi ng agent to forma highly honogeneous |iquid conposition conprising
the first reactive conponent and the bl ow ng agent. One advant age of
applicants' devel opnent is the production of a foam having highly desirable
proper%iﬁsgékgpluding thermal insulating performance, density

char a s, and froth quality, even without the need for a static or
ot her type of mi xer at the point of introducing the blow ng agent or

downst thereof. According to certain.preferre odi ments, the. bl ow ng
Sgent B he Secshet o P o imsSTisn Rstitisa Tbed o B Ryaoy i e
pressure reactive streamby sinple injection of the liquid blow ng agent

i nto daduadding aclyit wpeiiviegliqeé Phasgdtuid @t a reletavply high presmire Hgifguif coptgining
contenpl ated that the bl owi ng agent conposition of the present invention
may bat lenstradtiscreastivarcdmpordrer Gbingrodsciag iio sald Strstemmmtiadiyi Higlopresstuoe Buitlher of
the high pressure streams, it is preferred in certain enbodi ments that the
bl owi nigu RO ingUERASIohipRBitios cbﬂﬁf)fiﬁlﬁgicleﬂsﬁptéﬁﬁﬁdcﬁ p&y (HHRE23428),and

W t hout an associ ated additional m xer, to the polyol conponent or part B,

of a f.op q [0 ed t hat
e anmoR 3 SORRRY R P CEY PLBT CCRIMIRA Col thbechs R e e T
w de range.of concentrations.relative . to the i ght . the high-pressure
ot yor-oRamiShs P BRED ehf BRa [ Faimiiu Bt D rifb Sai v ol B ng gent

of the present invention is present in an apount of from about 1% by wei ght
to abg?éﬂw@é%wvﬂféﬁ @ﬁwdﬁag@amaﬁo%ﬁomwepbﬁeaww@h%al%ﬁr% REMBIPbIO REBFYSSnent
(i ncluding any other blow ng agent or other adjuvants included with the

pol yola mined keacvied Beidvel y | ow pressure drum), with an anmount of from about 1
to about 15 wei ght percent being nore preferred in certain enbodi nents. In
certain highly preferred enbodi nents, the blow ng agent of the present

i nventlP&HY1i s prsessedherich, the termp Uidtativelyfighhpratroos” Wighay mee pihars toa Ebiduir 5%
WO 2012/ 024259PCT/ US2011/ 047855 by wei ght based upon the total weight of

t he palryah of ojdon ampirgssun aboagaimosphecic padisage any uvstdissreinpthb tewisngelageit or

adj uvants contained therein. 100221For purposes of illustration, but not

neces:agh po¥ssaye " Wal “flatlvieR fodM prourdFiveiéh @isdd lolsbthst Ak FeRaOewRh k&pbdtYo one
enbodi nent according to the nethod, equi pnent and system aspects of the

Pres e dMANtafs oSS fiN Rl b SHRAGIEHorcRlild pilatel ihrgley | ow
pressure contalner or drum1l and a second“relatively Tow pressure contai ner
or dr%ﬂ%ﬁ i% grovided. According to certain preferred enbodi nents, each of
t hese B %89 B¥di |y transportabl e such that it can be noved to the site
or location at which the foam ng operation is to take place. Each of these
druns ai ns,a separate reactive conponent necessary for formng.foam and
ALt R i i R R R s R W i R O T e
or the like. In preferred enbodinents, the spray gun 6 incorporates a
mi xi nddedPeyNehHRViBg Serppraptiale Rhysigalgrepsriesiordycivatodheg frrprabes ot ellsi xer or
an inpingenment mxer. In a typical polyurethane foam ng system for
exanplcentagrngihe bbovingagent dheng fiespranaigecxosparemoldngpardessuscdm die i ncl udes
adj uvants typically used in this part) and drum 2 contai ns the polyol
conpompesducaon pepdlymelisuaal) Thctkeiml @slyagy praoitssr teydps caddyymatsedl hakinghhs part).
Each of these druns is preferably maintained at a relatively | ow pressure
for thepRPFRRIERKtRhalcR8lps LAMYEN BNEAARY & ¥urikl BRSspdd iR dxikdsiM 6
attachg% ?éSpective??gtgmdruns 1 and Zlgogﬁﬁgtﬁdpgm%ng ?%gnggn?enfs t her eof
and i i r . d 4 respectively. The output
streaﬁ%ﬁgggih%%T%ﬂggghﬁ% gggﬁghﬁégpﬁyéggcﬁpgﬂer pressure than respective
streans 10 and 11, with the pressure being selected as appropriate for use
in co ion W t afk: rLah i i 1used.
30@1@‘] A t@@ tetntﬁﬁs gﬁéﬁloﬂg%{h, 11§{1fafﬂ%e&}@§§ga\%n&ﬂ @ tfﬁ%éfp%tgﬁé%ftﬁ@bl%%ﬁ’gs

According 'to preferre I ment ng agen e present

invention ig introduced into,l.jne 13 from.a ssurized tank 5 or froma
purp. ot el CER ot PGy i Ranisroning g Bhie IS STe R Y dhe
appropriate pressure for injection intto Iine 13. The conbined stream WO
2012/ 024259PCT/ US2011/ 047855 contained in line 15 is then introduced,
together with the streamin line 12 into the spray gun 6, where it is mxed
and the m xed content are then ejected fromthe nozzle or tip thereof to
formthe foamor froth according to the present invention. Although it is
not believed to be preferred at the present tine, applicants contenplate
that, in certain enbodinents, it may be possible or desirable to introduce
t he bl ow ng agent conposition of the present invention into |line 12 and/or

N o



[ 0023] Furt hernore, applicants have found that the advantageous properties
and features in accordance with the present invention are exhibited for

bl owi ng ayenbi2oi4ishe present invention which conprise a®dirttisenalo4Tsss

auxi liary co-blow ng agents. For exanple, the blow ng agent of the present
invention in certain enbodi nents conprises, in addition to HFO-1234ze

and/ or HFCO-1233zd, one or nore other |iquid co-blow ng agents, i ncluding

wat er and/ or HFC and/or HFO a bl ow n ent su

1,1,1.°gn4t i FWBV%&?%%@ riHlﬁ’é E%g%sto i poyey qsthab%lﬁﬁhhw%mm&ne
(HFC—365rnc c); 1l-fluoro-1,1 di chI or oet hane (HCFC— 141b); cis-1,1,1,4, 4, 4-
hexaf lagordwall prefesally chmgedbats anstticeprse sfscapsastinexitsriherpealedr trelghe gun

[ 0024] Al though it is contenplated that the anobunt of HFO-1234ze and/or
HFCO- hA3 3zakpasud te dakeraihdion embenblcavicrguraged psessure acbtiaan dephicadts hine
present invention can vary widely, in certain preferred enbodi nents the

ratio cheWshgttciak titGn &-&%Z@m@&ﬁﬁl@ﬁts &0z drad3e bt thd 1bERioh G eHe R6RES off | quIi d

co- bl owi ng agent is fromabout 1:0.01 to about 1:0.6, with a weight ratio

about ufé;;hngng e B2t e hi ?1 gll eygacgﬁgﬂtag%ﬁ% s&fl fh%%e%s Weto@'f&rﬁﬁ? Fcfyrl{gpxﬂflléh are

Al tho I'S conterrp above- noe rati os apply to all
i qui g i S h| preferred tha era of .from about
1+ 0" odri B MG Rt Srdie bR R PR e R s iSpoaridh Ghas o apout
1: 0.5, applies_to each of the follow ng . co-blow ng agents:

1,1, 1@?@%&%@1&6@ AT GivEAEs 1T prREY 22@%09[510118 WO 2012/ 024259PCT/ US2011/ 047855
1,1,1, 3, 3-pent af | uorobut ane (HFC-365nfc); 1-fluoro-1,1 dichloroethane
(HCFC-141b); cis-1,1,1, 4,4, 4- hexaf | uor o- 2- but ene; and conbi nati ons of any
two or nore of these. 100251Applicants have found that the bl ow ng agent
conpositions of the present invention have substantial advantage by virtue
of beilNgSGRIRTIQN 2K PREFERREDEMBODBYIENES af or enent i oned desirabl e
properties for blowi ng agents while at the same tinme providing excellent
solubility, and in certain circunstances unexpectedly inproved solubility,
i n ond0@}0] nor e\ prefarred aspest of the peesapldnestionntlales & @eﬁhgéﬁgi%)@mmgrfmme
polynmeric material which conprises the walls and structure of the foam In
fact, prdferabbl thbifdrirtiyg off a folam pr @s@ntg, sboyinigga@e ptosidisg s Grstfleid prifedbly
superior in the reactive polyol conponent of nmany pol yurethane formul ations

that ik aRAEAoE SorfthiBerlgEabdhit $RF@Yredipd LERLINPR 2dPREAdtHS cOpehcr qﬂéfefmy need
to contain, and preferably in certain circunstances does not contai n

gent Q%Fﬂeﬁ%@%%a%’?%ef%?%‘f’x%g“fhgﬁéﬂgiﬁ‘ﬂoggl‘%“n’“fﬁ E‘ffa*?‘gﬁ’fﬁ PEGRY Stang,
cpr 2y 55 it el R PRREP R Lo PR GLRO B BT R g er'y

to ensure proper and thorough m xing of the reactive conponents of the

f oanabP BradssH® ﬁ%ﬁ%ﬁela{lbﬁéﬁlrﬂé‘rmﬁﬁsﬂﬁ sHisyM LA he dbHreaciize compersat and
respective storage druns or containers for such reactive conponents.
Becauge) iofrodurenghingrhsaliesesbnd frelgiovalip hightpyesotiretstrearp adsierst blpivongi aggntagent s i n
many reactive conponents, but particularly in the polyol conponent used in
pol yurceipasitiod asapkifinga g3, Bitanpesbidpens(HF@ANB4xw) e ferabBpirarenigs, 33ad hi ghly
desirabl e properties can be achieved either with or without the use of an
addi t ii@palyofabpehe MraRHFON1 131 Qﬁ’dYbIdl-él?l%fb% RG-@RPRBFAFRne (HIPE6-SKBLded in

the art w il appreciate the advantages that can be achieved as a resuft of
th fI f
A R e s

agent stream of . the point at which t ot her reac e .nat er such
as thé" glav%ﬁela\mhéB@%/Pé%&%@pé%é%ﬁ%ﬂ@swwnﬁ %figﬂﬁmglg@é Srient s,
had been already been m xed. Such an arrangenent, for exanple, has the
advanthageongit smddbirél ptaem Heldapith ¢ fcguﬂthcﬁtra@méﬁm@g@wgmg 8 GQUINGAERIECackEC BitBwi ng
agent of the present invention at high pressure and in liquid forminto the
f oam ngiddppaoatpesentpo efeliuabh ynitdidaercspivaptrtanant flgidappanaitioned wbdveout t he need
for a m xing device at that point of introducing the liquid blow ng agent,
or at a point downstreamthereof and upstream of the m xing device used for
m Xi ng the reactive conponents. [0026]The HFO-1234ze used in accordance
with the present invention may be provided as



ci s- HFO- 1234ze or as trans-HF0-1234z4 alone. Alternatively, the HFO-1234ze
is a mxture of cis- and trans-HF0-1234ze, which may be provided in any
rati o wi tworotdmesseope of the present invention. The useCw®fUs2011/047855
trans- HF0- 1234ze is preferred in certain enbodi nents. [0027] The HFCO- 1233zd
used in accordance with the present invention may be provided as

ci s- HFC0- 1233zd or as trans-HF0-1233zd al one. Alternatively, the

HFCO- 1233zd is a_.m xture of cis- a ans- HFCO- 1233ad ich may be

pr ovi dRRIGaRtsfRRye fopind Shagheprapsrhies %@tgﬁé{oa\fmg AeenhACROEHRS t%t?@ RESEH TREotse of
trans- HFC-1233zd is preferred in certain enbodi nents. 50028 In view of the
t eachiafyerpebls ohprrdgcing napxpeciedlyi sipegraetudld in teams phiisabdity pf g biawvinge art
will be able to determine the relative amounts of HF0-1234ze and/ or

HFCO- h2&8zd fanda bighlyl lmnaegnags hikjuidswatposision campriSing tipdintsafchetoreapmppacne
(HFC-245fa); 1,1,1, 3, 3-pentafl uorobutane (HFC-365nfc); 1-fluoro-1,1

di chl eneetdBpRingHSER: DAd Bdvantdgs of applicadtsdddelpraht HOROprddbetiAnga faad

conbi nati ons of any two or nore of these) to be used to provide an

ef f ecty AU & i 0 i ages

i scud e e B R b B e O Pom of the
present invention ¢ ri ses from.abo 99 about 50.wej ght % of HFQ-1234ze
nar ol Les sy TR bR, s et s nasb e T2k g RESE WP P! bt ' Vi

2012/ 024259PCT/ US2011/ 047855 co- bl ow ng agent, includjn% preferably a

co- bl PRI G! Hyediciag thedt @yingragaitias doypgigant brgest Apgprding To certain preferfed

1,1,1, 3, 3-pent af | uoropropane (HFC 245fa); 1,1,1, 3, 3-pentafl uorobut ane

( HFC- 36Bwflm)ents] thefhlowmg-agent afitiediprosané irtvaniéon( ii@REdddbinto the relatively high
cis-1,1,1,4, 4, 4- hexaf | uoro- 2- but ene; and conbi nati ons of any two or nore of
t hese prdssur@ rédeiit & stcadirb sihipbninjectibe obihe niduid s bwilgsgampinox ¢ontiait yoBininy
about 99 wei ght % HFO- 1234ze and/ or HFCO-1233zd and approximately 1 to about
10 weigghtdeife s@rchihaui d co- bl owi ng agent, including one or nore of the

af orenenti oned co-bl owi ng agents. In an even further enbodi nent, the blend
i ncludes approximately 90 to about 95 wei ght % HFO- 1234ze and/ or HFCO-1233zd
and agmml MatQihough §tQs 8hRsthplARdWeit g t‘%fwtn(%aagta Wogﬁnﬁ lopMeNBeREeNt ,

i ncl udi ng one or nore of the aforenentioned co-bl owi ng agents. [0029] The

bl ow rf%ve%%ﬁ‘ a§%’€9&§5| 'ch‘%n{i’LEeg%gblk% b3Mka &t%‘éﬁﬁ d%%&”%ei%? 8¢ idGigdide one or

nmore adj uvants”or additidna onent's, depending up e | ntertled use.

While not limted.thereto,, .adj uvant i ncl ude. the foll ow ng: .co-.bl ow ng
ngent Sy sBRUBn{S Pt RRR Sy hiant Gt bloding Sl EHRaos s

sol ubility enhancers, rheology nodifiers, plasticizing agents, flane

r et ar daFediced, pagfaiabiyl it cs ipppk wiheu an gprocatediadditipnalageat. 4o theinobesdi t y
reduction nodifiers, fillers, vapour pressure nodifiers, nucleating agents,
cat al wstippngo oy pirs B, 0Sospran ftaespolgirathiahe systes). Jamtheamyrec v mbéametmdatedthat wo or
nore of these. [0030]1n certain enbodiments, particularly in the context of
f oam nige £AOREDK tHeWlowinB@gadjof idirededt @beht@aShaypbe atdell vk RGda@BRE of Whi ch may
be one or nore fluoroal kenes, fl uoroal kanes, hydrofl uor ool efi ns,

hydr of LHQLAGRERIRBVENARO Glal eﬂhec?ﬁglc.gggsggas%olﬁats%an. SRRL S, ifd&@ftp! s, or

hydr ocar bons. 100311Al t hough i n prefer odi nents the present 1 nvention

Is di rp(;"e er%jd Eﬁbécﬁ%rerqt[s’,s 0

tétoior\]xgng agent of the present invention is present in an amount of
from about 1% by weight to about 30% by weight based upon the total weight of the polyol
component (including any other blowing agent or other adjuvants included with the polyol in the
relatively low pressure drum), with an amount of from about 1 to about 15 weight percent being

more preferred in certain embodiments. In certain highly preferred embodiments, the blowing

agent of the present invention is present in an amount of from about 1% by weight to about 5%
8



foams, it will be appreciated that the foanmabl e conposition of the present
i nvention may be used 13 WO 2012/ 024259PCT/ US2011/ 047855 i n connection
with eithwotemmssetti ng or thernoplastic foans. |n comroeatSzan/owissh
t hernosetting foam enbodi ments, it is preferred that the thernoset foam
component is selected from conponents capable of form ng pol yurethane foam
pol yi socyanurate foam phenolic foam and two or nore of these. 100321The
present bl.owi n daptable for use to forma w.de variety o

g8l

: agent is f
F oanmtVev gt oRLhS R SR EF ths FOMAUIRL PSS T4 FSRINE @B am
preferably includes a plurality of polyneric cells, as is generally
under spddeiving aget ogpdiuvayts pengihcd theesdt ai n pref erred embodi ments of the
present invention is directed to spray applied foans, it is contenpl ated
that the bl ow ng agents of the present invention may be used to advantage
in colP@i on FaF paPPeRsred 1bstrations but yiescesparily e ryyrad linfilssas, iayicde in the
formof a block, a slab, a lamnate, a rigid foam a closed cell foam a
f | exi bllestiatasthearmdicallyeond dgbodimegraet @dmgdo érbochod rtsipnivatendesystethe f oam i s
a spray applied foam appliance foam (e.g. refrigerator foam freezer foam

wat er aggtsedf thOpidken®ifentior Aéddedihg kethis dmBddih&ir a 8 aditiRAL Bw frBgufoam may
be a pour foam for exanple a discontinuous or continuous panel foamor an

! | ' . . 1 - ' A

b oper et BERRALE Bid £LcEANIARI, LAt AWl PLBIRA £ ieprovillgs 79, Agent
t ai basi i t al t oxi i | ti A f

5 or e B AP E TR E ar RO SRS UES: RBERSHER rate SR agent s

is provided in Table bel ow, As used herein, the termHBA-2 is designates
and mabidt qap&ﬁé%iﬁé@%‘@%a or loggSiorisy @H@Sé@@%&@@fﬂ%kﬁ%ée place. Hach

of these drums contains a separate reactive component necessary for forming foam and which
will be brought into spraying apparatus 6, which may be a spray gun or the like. In preferred
embodiments, the spray gun 6 incorporates a mixing device (not shown), such as a static mixer, a
high-pressure mixer or an impingement mixer. In a typical polyurethane foaming system, for
example, drum 1 contains the isocyanate component or part A (which includes adjuvants
typically used in this part) and drum 2 contains the polyol component or part B (which includes
adjuvants typically used in this part). Each of these drums is preferably maintained at a
relatively low pressure for the purposes of cost, convenience and safety. Lines 10 and 11 are
attached respectively to drums 1 and 2 for withdrawing the contents thereof and introducing
these streams into pumps 3 and 4 respectively. The output streams 12 and 13 from these pumps
are a higher pressure than respective streams 10 and 11, with the pressure being selected as
appropriate for use in connection with the particular foam material and equipment being used.
According to preferred embodiments, the blowing agent of the present invention is introduced
into line 13 from a pressurized tank 5 or from a pump (not shown) which brings the blowing

agent composition to the appropriate pressure for injection into line 13. The combined stream
9



Property Table 1. 1234ze(E) Conparative Bl ow ng Agent Properties COVPOUND
134aHBA- 2cycl o- pent ane 245fa Mol ecul ar Wei ght 114 102 <134 72 134
WO 2012/024259 PCT/US2011/047855

contained in line 15 is then introduced, together with the stream in line 12 into the spray gun 6,
where it is mixed and the mixed content are then ¢jected from the nozzle or tip thereof to form
the foam or froth according to the present invention. Although it is not believed to be preferred
at the present time, applicants contemplate that, in certain embodiments, it may be possible or
desirable to introduce the blowing agent composition of the present invention into line 12 and/or

directly into spray gun 6.

[0023] Furthermore, applicants have found that the advantageous properties and features in
accordance with the present invention are exhibited for blowing agent of the present invention
which comprise additional or auxiliary co-blowing agents. For example, the blowing agent of
the present invention in certain embodiments comprises, in addition to HFO-1234ze and/or
HFCO-1233zd, one or more other liquid co-blowing agents, including water and/or HFC and/or
HFO and/or HFCO blowing agent such as: 1,1,1,3,3-pentafluoropropane (HFC-245fa); 1,1,1,3,3-
pentafluorobutane (HFC-365mfc); 1-fluoro-1,1 dichloroethane (HCFC-141b); cis-1,1,1,4,4,4-

hexafluoro-2-butene; and combinations of any two or more of these.

[0024] Although it is contemplated that the amount of HFO-1234ze and/or HFCO-1233zd
and each of the co-blowing agents in accordance with the present invention can vary widely, in
certain preferred embodiments the ratio by weight of HFO-1234ze and/or HFCO-1233zd to the
total other liquid co-blowing agent is from about 1:0.01 to about 1:0.6, with a weight ratio about
1:0.03 to about 1:0.5 being preferred in certain embodiments. Although it is contemplated that
the above-noted ratios will apply to all liquid co-blowing agents, is highly preferred that the ratio
of from about 1:0.01 to about 1:0.6, and even more preferably from about 1:0.03 to about 1:0.5,

applies to each of the following co-blowing agents: 1,1,1,3,3-pentafluoropropane (HFC-245fa);

10



Boiling Point (C -19 -26 245fa<TBp<141b 49.3 15.3 Flashpoint (C) None None
None -7 /19.4 None
WO 2012/024259 PCT/US2011/047855

1,1,1,3,3-pentafluorobutane (HFC-365mfc); 1-fluoro-1,1 dichloroethane (HCFC-141b);

cis-1,1,1,4,4,4-hexafluoro-2-butene; and combinations of any two or more of these.

[0025] Applicants have found that the blowing agent compositions of the present invention
have substantial advantage by virtue of being able to satisfy many or all of the aforementioned
desirable properties for blowing agents while at the same time providing excellent solubility, and
in certain circumstances unexpectedly improved solubility, in one or more of the reactive
component which are used to form the polymeric material which comprises the walls and
structure of the foam. In fact, the solubility of the present blowing agents is so unexpectedly
superior in the reactive polyol component of many polyurethane formulations that it permits the
use of spray application apparatus which does not need to contain, and preferably in certain
circumstances does not contain, a static mixer or mixing device at the point of injection of the
blowing agent or downstream thereof. As those skilled in the art will understand, many if not all
currently used spray guns and associated equipment for the spraying of foam include an in-line
mixing device (such as a static mixer) to ensure proper and thorough mixing of the reactive
components of the foamable composition, together with any adjuvants contained in the
respective storage drums or containers for such reactive components. Because of the high level
of solubility of the present blowing agents in many reactive components, but particularly in the
polyol component used in polyurethane based foamable compositions, foams with exceptional
and highly desirable properties can be achieved either with or without the use of an additional
static mixer in the foam dispensing apparatus. Those skilled in the art will appreciate the
advantages that can be achieved as a result of the flexibility of a process which permits the
introduction of a liquid blowing agent, either as the sole blowing agent or as an auxiliary

blowing agent, downstream of the point at which the other reactive materials, such as the polyol
11



(at
23C)

230) LFL / UFL (Vol % air) None None None 1.5 - 8.7 None (at

WO 2012/024259 PCT/US2011/047855

and isocyanate components, had been already been mixed. Such an arrangement, for example,
has the advantage of providing the ability to advantageously introduce the blowing agent of the
present invention at high pressure and in liquid form into the foaming apparatus, preferably the
spray foaming apparatus, without the need for a mixing device at that point of introducing the

liquid blowing agent, or at a point downstream thereof and upstream of the mixing device used

for mixing the reactive components.

[0026] The HFO-1234ze used in accordance with the present invention may be provided as
cis-HFO-1234ze or as trans-HFO-1234z4 alone. Alternatively, the HFO-1234ze is a mixture of
cis- and trans-HFO-1234ze, which may be provided in any ratio within the scope of the present

invention. The use of trans-HFO-1234ze is preferred in certain embodiments.

[0027] The HFCO-1233zd used in accordance with the present invention may be provided
as cis-HFCO-1233zd or as trans-HFO-1233zd alone. Alternatively, the HFCO-1233zd is a
mixture of cis- and trans-HFCO-1233ad, which may be provided in any ratio within the scope of

the present invention. The use of trans-HFC-1233zd is preferred in certain embodiments.

[0028] In view of the teachings contained herein, it is expected that those skilled in the art
will be able to determine the relative amounts of HFO-1234ze and/or HFCO-1233zd and co-
blowing agent (such as 1,1,1,3,3-pentafluoropropane (HFC-245fa); 1,1,1,3,3-pentafluorobutane
(HFC-365mfc); 1-fluoro-1,1 dichloroethane (HCFC-141b); cis-1,1,1,4,4,4-hexafluoro-2-butenc;
and combinations of any two or more of these) to be used to provide an effective amount to
achieve one or more of the foregoing advantages discussed herein. In one embodiment, the
blowing agent composition of the present invention comprises from about 99 to about 50

weight% of HFO-1234ze and/or HFCO-1233zd and from about 50 to about 1 weight% of liquid

12



GAP (100 yr)61430*<15<151030* *2007 Technical Summary. dinmate Change
2007: The Physical Science Basis. Contribution of Woirking Goup 1 to the
Fourt h Aswezsmani2sReport of the I ntergovernnental Panel pom/uSkéimmsmssThange.
[0034] Initial stages of testing of trans HFO-1234ze and HFCO- 1233zd have

I ndi cated that toxicological properties are acceptable, and the data
suggests that toxicity will not be a problemfor comrercial use as bl ow ng

agents qf ejther 1234ze(E) or HBA-2 Q035] The .va ressure of .a spray
f oam (S8TRYS MBI28HY: lid HieRtasly by0-hlengnE R el OBy HBUBSPYEEy pe. or
types, surfactants and the blomﬁgg a?ent used as well as the concentrations
of eadhl.l.8i3necatatherqrappeor (HECi245fnls 1 it draentateorpheamm(fBiC-d6mpbeht of the
spray foam pol yol blend, the inpact of blow ng agent concentration and
t enperthiowr-&, 1 alictltvecthapofH@r@d 4 lb)e ood-1,1 W2, 2012k X426 IREITEHdS 20 donikid 8 5ins

of any two or more of these. In a further embodiment, the blend includes approximately 90 to

about 99 weight% HFO-1234ze and/or HFCO-1233zd and approximately 1 to about 10

weight% of a liquid co-blowing agent, including one or more of the aforementioned co-blowing

agents. In an even further embodiment, the blend includes approximately 90 to about 95

weight% HFO-1234ze and/or HFCO-1233zd and approximately 5 to about 10 weight% of a

liquid co-blowing agent, including one or more of the aforementioned co-blowing agents.

[0029] The blowing agent compositions of the instant invention may also include one or
more adjuvants or additional components, depending upon the intended use. While not limited
thereto, adjuvants may include the following: co-blowing agents, co-solvents, surfactants,
polymer modifiers, colorants, dyes, solubility enhancers, rheology modifiers, plasticizing agents,
flame retardants, flammability suppressants, antibacterial agents, viscosity reduction modifiers,
fillers, vapour pressure modifiers, nucleating agents, catalysts, polyols, isocyanates, stabilizers,

and any combination of two or more of these.

[0030] In certain embodiments, particularly in the context of foaming composition, the
adjuvant is at least a co-blowing agent, which may be one or more fluoroalkenes, fluoroalkanes,
hydrofluoroolefins, hydrofluorocarbons, hydrochlorofluorocarbons, esters, ethers, alcohols, or

hydrocarbons.

[0031] Although in preferred embodiments the present invention is directed to thermosetting

foams, it will be appreciated that the foamable composition of the present invention may be used
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pol yol solutions is an inportant step in assessing the viability of a
conposition's useful ness as a new bl owi ng agent. Applicants have conducted
testing twodet2nmisne t he vapor pressure of transHFO- 1232ze/tsna1/047855
transHFCO- 1233zd in a variety of commercially avail abl e pol yol
formul ati ons. Applicants have determned that at a concentration of about
10wt % HBA-2 in a variety of commercially avail able polyols exhibits a
vapor .pressure at. 43 C éhat i s bel MIth? ?r?ssurﬁilevel.that is required to
di st el CAMCFR Vit RERCTr dhOfCtB B B MR &G pAM S I SAPREHPY WAl ow for t he
reduction in SPF system vapor pressure to below the levels currently

exhi bithesgopstting Bag: crppediments.givsiyclgirap hat e dhgraesetieam semperensfs selgcted
testing. Conparative Exanple | A [0036] Each of HCFC- 12, HCFC- 22, HFC-245fa
and HHEfSni 8dapa@reatsuwhpdtle efifoanidg mplafretbahdofoom pojyageyansratanfoamt phaendlis foamam
addition systemof the type illustrated generally in Figure 1, except that
a m Xizng t§le vt aerd & th&el uded at or about the |ocation that each of the

bl owi ng agents is injected into the pressurized polyol stream

Approxi mately 6% by wei ght of HFC- 245fa bl owi ng agent is included in the

| ow prigesyr e Meﬁ@éseﬁ@lb@in@%@emﬂb@ddﬁﬂﬁ@ﬁﬁ uRgtodentatwiad sas e df Ramablte sane
as those reported in Table 2 below. A substantially honbgeneous m xture

ent er . i tive
b R RBPRISHLE AR N, BLAGRE 0 AOERLARLS, | AR CHBRNS

i quefi.ed bl owi ng agents ipn a third,strea i ti;on systemof the type

1 st BPEE A AP HeRorely BpA OO0 3t B AT RabER YT el "o | oF about
the location that each of the blow ng agents is. injected into the

pr ess GRIP2AENGHE ighe Breses Mvepton Bhdiieated Il sgoy B@Pl’ﬁéir}l s, ¢ 1S pptemnigied thitowi ng
agent is included in the ow WD 2012/ 024259PCT/ US2011/ 047855 pressure

pol yolthcllnwaigwrgents Phéhqprossativerfianionali bé eied tasddintage in pennsetrm wkh {daose
reported in Table 2 below. A substantially non-honpbgeneous nmi xture enters

t he spifattiengypagpBurdicusoredamsahdyesaniatthafprel afgdledk, pelapod laatichtflaavgidg agent
and during a gun and produci ng an unacceptabl e foam Conparative Exanple 1C

[ 0038]ihurh 4 @bscatkll Fdarklaf @exisic BERE AL Skb WM&, N8 pRefbir@féhboiAbnE HoNevEORB
apparatus in which approximtely 6% by wei ght of HFC 245fa bl owi ng agent is

i ncl uc}%ﬂn L, glj}%é %@F&wﬁ? rﬂg%% VL%&I)E}I%{%:%¥69)A[JI? g&g}fr@ig %%agf}(‘f?%ﬁldﬁg&ert f?)afnp Saflf ﬂgz?tgjw ng

schemati c arra C at no auxiTiary
agent was added ta.th tem . The ocessing cqnditions used for the test
are st ed" fiF Hpiie T TGh gEpodiisise i Ryn Ty aa: pour oam, ot example a

discontinuous or continuous panel foam or an insulated transportation container foam.
EXAMPLES

Example 1 — Blowing Agent Properties

[0033] It is generally desirable for blowing agents to have certain basic environmental and
toxicological properties. A summary of information regarding certain physical properties of
certain blowing agents is provided in Table 1 below. Asused herein, the term HBA-2 is

designates and means transHCFO-1233zd.
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Exanpl e 2 [0039] A second set of data is generated using the sane
traditional spray foam apparatus described in connection with Conparative
Exanpl e 200antk/2sisng t he same 6% by wei ght of HFC 245f aPbiraseeig/oargsmnt i n
the | ow pressure polyol container. In addition, however, approximtely
about 10% by wei ght of bl ow ng agent conprising transHFO-1234zei s (based on
the wei ght of the high pressure polyol conponent stream) is added to the
hi gh pressure polyol stream by way of an injection punp, and the conbi ned
streamis then introduced into the spraying apparatus w thout an
internedi ate m xi ng device. A substantially honogeneous m xture enters the
sprayi ng apparatus an roduces an ceptabl e foam The processing
conditions used for t %H?gs?mnfg%gﬁ%%gwgf%ﬁmﬁﬁm$§ﬁfe 2 under the heading
"1234zel 245fa." WO 2012/ 024259PghfiblSa@11/ 047855 Table 2. Spray Foam

Equi pmrent And Processi ng Paraneters Used. Equi pnent Settings

245f al234ze/ 245f a Pr t3¢ze(E) oni ng urise Gus mBBAR2000Cusgnepentdd®0®4b8se | ength, m
(ft)9.19.1 Processing tenperatures, C (F) Hose38-4338-43

| socyandereds- 4338- 43

Molecular Weight 114 102 <134 72 134

Boiling Point (°C) -19 -26 245fa<Tgp<141b 49.3 15.3

Flashpoint (°C) None None None -7/19.4 None
(at ~ 23°C)

LFL / UFL (Vol%-air) None None None 1.5-87 None
(at ~23°C)

GWP (100 yr) 6 1430* <15 <15 1030*

*2007 Technical Summary. Climate Change 2007: The Physical Science Basis. Contribution of Working
Group 1 to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change.

[0034] Initial stages of testing of trans HFO-1234ze and HFCO-1233zd have indicated
that toxicological properties are acceptable, and the data suggests that toxicity will not be a

problem for commercial use as blowing agents of either 1234ze(E) or HBA-2.

[0035] The vapor pressure of a spray foam polyol blend is influenced by many factors such
as the polyol type or types, surfactants and the blowing agent used as well as the concentrations
of each. Since the polyol is in many situations the major component of the spray foam polyol

blend, the impact of blowing agent concentration and temperature on the vapor pressure of
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Pol yol 24- 3824-38 Pressure, Bar (psi) Static /Dynam c |socyanatelO.5/
10.510.5/ 10.5 Polyol 10.5/ 10.510.5/ 10.5 Auxiliary punp-85% GUNGX7 Modul e
#1 PCD 70wpQO®0Rd15e results of this test indicate that trhenb2@4ne7s6E) was
readily solubilized in the high pressure polyol stream and processed wel |

t hrough the gun wi thout the use of an internmedi ate m xi ng device. The foam
surface was snooth. Since 245fa systens have i medi ate creamtines, the
reactivb}g was simlar with the 245fa nd.%@®724 fa/12342e,(E)%@¥stenB. The
pr esePOEObFOBOYR HAHUNRRYAALEAR & RWESSSWEARS ¥ %?/‘5 AV OSHB StHERIMBT Bt ng
agent concentration was WD 2012/ 024259PCT/ US2011/ 047855 approxi mately

equi varerhlovingligent. f daphcantFaiBy eca@idyelcd fpsyngtmdateranng the vepamresnsiali es
produced. The initial |anbdas are displayed in Graph 5. Initial |anbda

val uesransidi Qal?84zdvaid ttaneHPEOF HI3B23 dv e v4ricty bbamsmbadilgquaNadlepilydr sl ightly
better | anbdas than that of the 245fa foam The fornulation catalysis used

i Nt hgodfi@onSyApSBahS hedesi@p@tnédihatatlal @HEShtRtioND NEhoad enivt FYABA-D i &
systemis used wth the 245fa/1234ze blend, the result is a greater |oss of

bl owi i . i j: i h f ,
P ST L AL D USSRk 1 o e

_ SIt) ( cantly dec . Wth nodification of the
]]: gg‘mj lﬁ)gés%lgrg &(%\%ebh'lsaagﬁg%%r%:dz% E}ggé[&gtaQ%aadflty Iaf drith (e égkf)% %rﬂisl Wi Speo%engilé{flyli Qﬁo&/ he

for the reduction in SPF system vapor pressure to below the levels currently exhibited by 245fa.

The following graphs provide the results of this testing.

Comparative Example 1A

[0036] Each of HCFC-12, HCFC-22, HFC-245fa and HFC-134a are utilized as liquefied
blowing agents in a third stream addition system of the type illustrated generally in Figure 1,
except that a mixing device is included at or about the location that each of the blowing agents is
injected into the pressurized polyol stream. Approximately 6% by weight of HFC-245fa blowing
agent is included in the low pressure polyol container. The processing conditions used are the
same as those reported in Table 2 below. A substantially homogeneous mixture enters the

spraying apparatus and produces an acceptable foam.

Comparative Example 1B

[0037] Each of HFC-12, HFC-22 and HFC-134a are utilized as liquefied blowing agents in
a third stream addition system of the type illustrated generally in Figure 1. No mixing device is
included at or about the location that each of the blowing agents is injected into the pressurized

polyol stream. Approximately 6% by weight of HFC-245fa blowing agent is included in the low
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Tabl e 3. Analysis of 245fa vs 1234ze (E) & 245fa foans. TestData

245f al2434ze/ 245fa Density, kg/ nB3435.2 Exanple 3 100411HFCO-1233zd is
eval uat edwban1domgyot er m agi ng of the comrerci al |l y procegseEadssqpnay7stbam
sanples, for solubility in the foammatrix, and for use as a blend with
245fa. In the spray foamindustry, a 6 nonth aged |anbda is typically
consi dered. Table 4 bel ow contains a summary of the formulations used in

this long ter in The .f oam red for this study vvassrayed
under P{§y “rﬁrPBE]é’zg‘i’IH n‘&ro:#g?étﬂr%%“%% at “‘?‘ﬁ g the sapeasdhqsg TeRoried 7
illustrates that the HBA-2 and 245fa foans aged at an equi val ent rate and
t he HEADE X brders. Spiubylantiallyrmnugtpreesenequsinak v entpiydlg Spsaying apparites. vithet t er
aged | anbdas that the 245fa foams WO 2012/ 024259PCT/ US2011/ 047855 t ested.
Tabl e altern@emesliugs Gfgrodyol BodhioRahy agenPaehduweas dam dadgiradicimgranofnabiRpiadldi gh
Wat er Bl ow ng Agent HFC- 245f aHBA- 2

foam.

Comparative Example 1C

[0038] A first set of data is generated using a traditional spray foam apparatus in which
approximately 6% by weight of HFC-245fa blowing agent is included in the low pressure polyol
container according to the general schematic arrangement shown in Figure 1, except that no
auxiliary blowing agent was added to the system. The processing conditions used for the test are

summarized in Table 2 under the heading “245fa.”

Example 2

[0039] A second set of data is generated using the same traditional spray foam apparatus
described in connection with Comparative Example 2A and using the same 6% by weight of
HFC-245fa blowing agent in the low pressure polyol container. In addition, however,
approximately about 10% by weight of blowing agent comprising transHFO-1234zeis (based on
the weight of the high pressure polyol component stream ) is added to the high pressure polyol
stream by way of an injection pump, and the combined stream is then introduced into the
spraying apparatus without an intermediate mixing device. A substantially homogeneous
mixture enters the spraying apparatus and produces an acceptable foam. The processing

conditions used for the test are summarized in Table 2 under the heading “1234ze/245fa.”
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Component s/ Concentrati on, phpp Pol yet her polyol bl end5050 Pol yester
pol yol 43.843.8 O her polyol6.26.2 Silicone surfactantl.251.25 Am ne
Cat al yst 220NBt2ai2418at al yst 0. 020. 02 Fl anme Ret ar dant 12. 512 PET#s2@n H4 B35 5
Bl owi ng Agent 16. 3equi - ol ar | socyanate | ndex- 110141.8141.8

Table 2. Spray Foam Equipment And Processing Parameters Used.

Equipment Settings

245fa 1234z¢/245fa
Proportioning unit Gusmer H2000 Gusmer H2000
Hose length, m (ft) 9.1 9.1

Processing temperatures, °© C (°F)

Hose 38-43 38-43
Isocyanate 38-43 38-43
Polyol 24-38 24-38

Pressure, Bar (psi)

Static / Dynamic

Isocyanate 10.5/10.5 10.5/10.5
Polyol 10.5/10.5 10.5/10.5
Auxiliary pump - 85%
GUN GX7

Module #1 PCD 70

[0040] The results of this test indicate that the 1234ze (E) was readily solubilized in the high
pressure polyol stream and processed well through the gun without the use of an intermediate
mixing device. The foam surface was smooth. Since 245fa systems have immediate cream
times, the reactivity was similar with the 245fa and the 245fa/1234ze (E) systems. The presence

of both blowing agents was confirmed by GCMS. The total blowing agent concentration was
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WO 2012/ 024259PCT/ US2011/ 047855 Table 5. Spray Foam Equi pnent And
Processing Paraneters Used. Equi pnent Settings HFC- 245f aHBA-2 Proporti oni ng
uni t GusnewoHaR@ssmrer H2000 Hose length, m (ft)9.19. 1 PCOASIGIlNGTSSS
tenperatures, C (F) Hose38-4354 |socyanat e38-4354 Pol yol 24- 3854 Pressure,
Bar (psi) Static /Dynam c |socyanatel3. 8 13.814.5/13.8

Pol yol 13. 8/13. 813. 8/ 13. 8 GUNGX7

approximately equivalent in both foams. Table 3 below summarizes the foam densities produced.
The initial lambdas are displayed in Graph 5. Initial lambda values indicate that the
245fa/1234ze (E) foams had equivalent or slightly better lambdas than that of the 245fa foam.
The formulation catalysis used in the 245fa system is designed for a liquid blowing agent. When
this system is used with the 245fa/1234ze blend, the result is a greater loss of blowing agent than
typically seen during spraying of the foam. Therefore, the foam density did not significantly
decrease. With modification of the formulation it is possible that the fugitive emission losses

during the foaming reaction can be reduced.

Table 3. Analysis of 245fa vs 1234ze (E) & 245fa foams.
Test Data
245fa 12434ze/ 245fa
Density, kg/m3 34 35.2
Example 3

[0041] HFCO-1233zd is evaluated for long term aging of the commercially processed spray
foam samples, for solubility in the foam matrix, and for use as a blend with 245fa. In the spray
foam industry, a 6 month aged lambda is typically considered. Table 4 below contains a
summary of the formulations used in this long term aging study. The foam prepared for this
study was sprayed under the processing conditions stated in Table 5. The data in Graph 7
illustrates that the HBA-2 and 245fa foams aged at an equivalent rate and the HBA-2 foams

sprayed through commercial equipment still exhibit better aged lambdas that the 245fa foams
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Modul e #1 PCD 70 100421An anal ytical procedure is utilized which allows the
estimation of total blowi ng agent in foam and the distribution of the

bl owi ng agerbizdwmzsagh t he foam This includes an esti narcorusediihmssHl ow ng
agent content in the foamcells and fromthe total and cell gas nunbers a
calculation of the theoretical |evel of the blow ng agent in the foam
matri x. Table 6 sunmarizes the fornmul ati on used and processing conditions
to make the foans for the analysis. The foans were prepared via hand m x.
The ddt%% n Table 7 indicates that HBA-2 exhibits sinilar bl owing agent

di stribution through the foamto that seen with 245fa. WO

2012/ 024259PCT/ US2011/ 047855 Table 6. Generic Spray Foam

Pol yol Prem xes For Eval uation of HBA-2 Bl owi ng Agent 245f aHBA- 2

Component s/ Concentration, phpp Pol yet her polyol bl end5050 Pol yester

pol ydT 43.843. BilnL GeRRE Yo KFodh PelyooPlhSO¥e r Bl lpRE L2251, 25 An] ne
Cat allyst 22 Fl ane Retardant12.512.5
High Water
Blowing Agent HFC-245fa HBA-2
Components/ Concentration, phpp
Polyether polyol blend 50 50
Polyester polyol 43.8 43.8
Other polyol 6.2 6.2
Silicone surfactant 1.25 1.25
Amine Catalyst 2 2
Metal Catalyst 0.02 0.02
Flame Retardant 12.5 12.5
Water 1.5 1.5
Blowing Agent 16.3 equi-molar
Isocyanate
Index- 110 141.8 141.8

20



Water1.51. 5 Bl owi ng Agent 16. 3equi - nol ar | socyanate | ndex- 110141.8141.8
Processing tenperaturePolyol 10 ¢ Iso 24 C Table 7. Bl ow ng Agent

Di stri butworrom2iizsam Di satri buti on 245fa HBA-2 Rel ati vecratsea 1047865 owi ng
agent throughout the foam Total Bl ow ng Agent 1

Table 5. Spray Foam Equipment And Processing Parameters Used.

Equipment Settings

HFC-245fa HBA-2
Proportioning unit Gusmer H2000 Gusmer H2000
Hose length, m (ft) 9.1 9.1

Processing temperatures, ° C (°F)

Hose 38-43 54
Isocyanate 38-43 54
Polyol 24-38 54

Pressure, Bar (psi)

Static / Dynamic
Isocyanate 13.8/13.8 14.5/13.8
Polyol 13.8/13.8 13.8/13.8
GUN GX7
Module #1 PCD 70
[0042] An analytical procedure is utilized which allows the estimation of total blowing

agent in foam, and the distribution of the blowing agent through the foam. This includes an
estimation of the blowing agent content in the foam cells and from the total and cell gas
numbers a calculation of the theoretical level of the blowing agent in the foam matrix. Table 6
summarizes the formulation used and processing conditions to make the foams for the analysis.
The foams were prepared via hand mix. The data in Table 7 indicates that HBA-2 exhibits

similar blowing agent distribution through the foam to that seen with 245fa.
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1 Cells Gas 0.3 0.3 Balance 0.7 0.7 WD 2012/ 024259PCT/ US2011/ 047855

[ 0043] Bl ends of bl owi ng agents are often used in transition periods.
al l ows fowothe/hersefits of the new nmateria

Thi s

W t hout t hePcoatS2@IN@47855

formul ation optim zation inpacts often associated with a conplete

transition.

In the case of 245fa,
proven a chall enge for shipping systens in hot climates.

In this

the | ower boiling point has sonetines

paper a

bl end of 245fa is conpared to a 50/50 nole % bl end of 245fa and HBA-2. The
advant age woul d be reduction in vapor pressure and GAP of the bl ow ng

agent
Tabl €
prem
an 89
GWP ¢
det eq

8. kbﬁdﬁi&fé%aﬁ%7c-f%’f?@6%¥%é@mﬁﬁikﬁf%”gmvé-éi?préssure Foﬁaiﬂgggln
;f%ﬁd%rﬁgé {n ;;por S}é;;u;é at_54é Whi[é'proé‘ging ; 56@5;;3u2[?ghd?n
fcolpBneh@am formul ation. The redug%h&gwhnmwﬁggr pressure was| not
table at 43 C due to the limtations of the test procedure.
Polyether polyol blend 50 50
Polyester polyol 43.8 43.8
Other polyol 6.2 6.2
Silicone surfactant 1.25 1.25
Amine Catalyst 2 2
Flame Retardant 12.5 12.5
Water 1.5 1.5
Blowing Agent 16.3 equi-molar
Isocyanate
Index- 110 141.8 141.8
Processing temperature Polyol 10 C/ Is0 24 C

Table 7. Blowing Agent Distribution on Foam
Disatribution 245fa HBA-2
Relative ratio of blowing agent throughout the foam

Total Blowing Agent 1 1
Cells Gas 0.3 0.3
Balance 0.7 0.7
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Tabl e 8. Ceneric Spray Foam Pol yol Prem xes For Eval uation of 245fa/

HBA- 2Bl end Bl ow ng Agent Conponents/ Pol yet her polyol blend Pol yester

pol yol 2450200245398 245/ HBA- 2 Concent r at ipPom;USphipp4 185 43. 8
O her polyol 6.26.2 Silicone surfactantl.251.25

[0043] Blends of blowing agents are often used in transition periods. This allows for the
benefits of the new material without the cost and formulation optimization impacts often
associated with a complete transition. In the case of 245fa, the lower boiling point has
sometimes proven a challenge for shipping systems in hot climates. In this paper a blend of
245fa is compared to a 50/50 mole % blend of 245fa and HBA-2. The advantage would be
reduction in vapor pressure and GWP of the blowing agents being used. The formulation used

for the comparison is contained in Table 8. Handmix foams were prepared.

[0044] The vapor pressure for these premixes is presented in Graph 8. The 50 % reduction
in 245fa does provide an 8% reduction in vapor pressure at 54C while providing a 50% reduction
in GWP of the foam formulation. The reduction in vapor pressure was not detectable at 43 C due

to the limitations of the test procedure.

Table 8. Generic Spray Foam Polyol Premixes For Evaluation of 245fa/ HBA-2Blend
Blowing Agent 245fa 245/HBA-2
Components/ Concentration, phpp
Polyether polyol blend 50 50
Polyester polyol 43.8 43.8
Other polyol 6.2 6.2
Silicone surfactant 1.25 1.25
Amine Catalyst 2 2
Flame Retardant 12.5 12.5
Water 1.5 1.5
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Anm ne

Cat al yst 22 Fl ane Retardant12.512.5 Water1.51.5 23 WO

2012/ 024259PCT/ US2011/ 047855 Bl owi ng Agent 16. 3equi - nol ar
1. 81 0.2812Rnersessi ng t enper at urePol yol 10 C/ |so 24 pCrRsammmumbs ty
results fromthe above-noted tests are presented in Table 9 and Figure 9.
This testing reveals that the bl ow ng agent bl end of 245fa/HBA-2 provides
ar properties to 245fa foans tested. The lanbda is slightly higher as
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subst]

19?§S.E§' It is inportaqé to note that thig gaga repr esent
HUFTEEY HBA2 in a fordlifation intended foF ™5%%fa
Isocyanate

Index- 110 141.8 141.8

Processing temperature Polyol 10 C/ Is0 24 C

| socyanat e | ndex-

72}

Foam quality results from the above-noted tests are presented in Table 9 and Figure 9.

Table 9. Comparison of foam properties 245fa vs 50/50 blend 245fa HBA-2

245fa 245fa/HBA-2
Foam reactivity
Cream time, sec 13 15
Gel Time, sec 26 28
Tack Free Time, sec 34 38
Density , kg/m3 35.7 36.3

This testing reveals that the blowing agent blend of 245fa/HBA-2 provides similar properties to 245fa foams tested.
The lambda is slightly higher as is the density. It is important to note that this data represents substitution of HBA-

2 in a formulation intended for 245fa.
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WO 2012/ 024259PCT/ US2011/ 047855 CLAIMS W Claim 1. A nethod of formng
foam conprising: (a) providing at least a first relatively high pressure

| i qui d comnprzoeyogesa first reactive conponent; (b) i ntro@agiusgoiinimsssai d
relatively high pressure streama |iquid bl owi ng agent conposition
conprising 1,3, 3,3-tetrafl uoropropene (HFO-1234ze) and/or HFCO-1233zd to
produce a second streamat relatively high pressure and containing said
blomngﬁﬁggi? and (c) mxing at least a portion of said third streamw th
a fou eam cont ai ning a conponent reactive with said first conponent
to produce a mxed reactive stream 2. The nethod of claim1l wherein said
blomn ent further conprises a liquid co-blow ng agent. 3. The nethod
of cla ﬁ?ﬁ MRherei n sai d bl owi ng agent further conprises a liquid co-bl ow ng
agent selected frontthe group conS|st|ng of water;

1,1,1,3, 3- pent f HEC: 245f 1,1, 1 or.obut ane
Lkt e ghyanoniopans (HEC.ZASTak Rt s e LA
cis-1,1,1,4, 4 4- hexaf | uor g- 2- but ene; and conbi nati ons of any two or nore of
t hese Presgure HgidRANMBIINGF2 BIshicAstyafeEmenent: MR Iroducagyiat said relatwely high
trans- HCFO- 1234zd. 5. The nethod of claim4 wherein said bl ow ng agent

f ur t heressarptreae s lquld owthgagetn cwipogitiag enmpsshe clt, 4, 3ttcoailudreprgpangp
consisting of 1,1,1, 3, 3-pentafluoropropane (HFC 245fa); 1,1,1,3 ,3-p

ent af l(HEOoRBaean(IdT GHIESTD8)Zd 14 phdduoe @sdcohd Bl el RaNEigh IptsiEe add 1D) ;
cis-1,1,1,4, 4, 4- hexaf | uor o- 2- but ene; and conbi nati ons of any two or nore of
t hese.oo V0 201 2/ ORASIPLTALSRO @/&ﬂg&é g o BT ity PRAHRI 1
sai d bl ow ng agent urt rise 3- pentafl uoropropane

((:EESI_ %grggnq)foﬂ_talfl% 4, co&nn‘p?ci[%lgtgtgrfaggtw? & m%m% t’él\%g (r:oenll]gonse%d p?(l)(? 9nl?<gc§feact uer ther
wherein said first liquid conprises at |east one adjuvant sel ected from
co-bléﬁfﬂﬁ'agents, co-solvent, surfactants, polyner nodifiers, colorants,
dyes, solubility enhancers, rheology nodifiers, plasticizing agents flame

et TGN i BB Al S R e R B s e .

catal ysts, polyols, isocyanates, stabilizers, and any conblnatlon of two or
more @getthese. 9. The method of claim 1 wherein the HFO-1233zd is
trans- HCFO- 1233zd. 10. The nethod of claim 1 wherein the bl ow ng agent

conpri ses a conbination of HFO-1234ze and trans- HCFO- 1233zd.
3. The method of claim 1 wherein said blowing agent further comprises a liquid co-blowing

agent selected from the group consisting of water; 1,1,1,3,3-pentafluoropropane (HFC-245fa);
1,1,1,3,3-pentafluorobutane (HFC-365mfc); 1-fluoro-1,1 dichloroethane (HCFC-141b);

cis-1,1,1,4,4,4-hexafluoro-2-butene; and combinations of any two or more of these.
4, The method of claim 1 wherein the HFO-1234ze is trans-HCFO-1234zd.

5. The method of claim 4 wherein said blowing agent further comprises a liquid co-blowing
agent selected from the group consisting of 1,1,1,3,3-pentafluoropropane (HFC-245fa);
1,1,1,3,3-pentafluorobutane (HFC-365mfc); 1-fluoro-1,1 dichloroethane (HCFC-141b);

cis-1,1,1,4,4,4-hexafluoro-2-butene; and combinations of any two or more of these.
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6. The method of claim 1 wherein said blowing agent further comprises 1,1,1,3,3-

pentafluoropropane (HFC-245fa).

7. The method of claim 1 wherein said blowing agent further comprises 1,1,1,4,4,4-

hexafluoro-2-butene.

8. The method of claim 1 wherein said first liquid comprises at least one adjuvant selected
from co-blowing agents, co-solvent, surfactants, polymer modifiers, colorants, dyes, solubility
enhancers, rtheology modifiers, plasticizing agents, flame retardants, flammability suppressants,
antibacterial agents, viscosity reduction modifiers, fillers, vapour pressure modifiers, nucleating

agents, catalysts, polyols, isocyanates, stabilizers, and any combination of two or more of these.

9. The method of claim 1 wherein the HFO-1233zd is trans-HCFO-1233zd.

10.  The method of claim 1 wherein the blowing agent comprises a combination of

HFO-1234z¢ and trans-HCFO-1233zd.

26



