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RIGID POLYURETHANE FOAMS SUITABLE FOR WALL INSULATION

TECHNICAL FIELD

[0001] This invention pertains generally to blends of blowing agents useful for blown
polyurethane foam systems. More specifically, the invention pertains to polyurethane foam-
forming compositions comprising blends of hydrofluorocarbons which are useful for rigid

polyurethane foams and composites made therefrom.

BACKGROUND

[0002] Rigid polyurethane foams are widely known and used in numerous industries.
These foams are produced by reacting an appropriate polyisocyanate and an isocyanate-
reactive compound, usually a polyol, in the presence of a blowing agent. Une use of such
foams 13 as a thermal nsulation medium i the construction of refrigerated storage devices.
The thermal insulating properties of closed-cell ngid foams are dependent upon 3 number of
factors inchiding, the average cell size and the thermal conductivity of the contents of the
gells. Chlorofluorocarbons (CFC’s) were typically used as blowing agents to produce these
foams because of their exceptionally low vapor thermal conductivity. However, CFC’s are
now known to contribute to the depletion of ozone in the stratosphere and, as a result,

mandates have been issued which prohibit their use.

[0003] imitiakly, the most promising alfernatives to {FC s appeared to be hydrogen-
containing ehlorofinorocarbons (HOFC ), While HCFC’s, such as HCFC 141b, have been
used as altematives to CFC’s, they have also been found to have some ozone-depletion
potential. There is, therefore, mounting pressure to find substitutes for HCFC’s as well as

CFC’s.

[0004] Alternative blowing agents such as hydrofluorocarbons (HFC’s) and
hydrocarbons (HC’s), which do not pose a threat to the ozone layer as they do not contain
chlorine, are currently favored. M™either of these two classes of matenials, however, have all
the attributes of “ideal” blowing agents. That is, although HF{O's and H{'s ars
environmmentally more acceptable than CFC s and HOFC s, they are frequently wnferior in
certain physical properties such as solubility, flanmmeabiiity, and botling point. For exanple,
many of the HF{ s and H{'s are gases at roorm temperature which makes them difficult o

handle, and many have fashpoiniz below room temperature, thus reguiring changes to the
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foam processing methods and equipment and/or moreased nisks in their handling and use as

blowing agents,

[0005] As such, there reroains an unfulfilled need m the art to develop polvurethane
foam svstems which do not utilize HCFC’s, kst which produce foams with 2 good balance of
properties: acceptable flammability, good compressive strength and excellent adhesion to
substrates, and which require few changes to the existing foam-forming processes and

equipment.
SUMMARY

[0006] Embodiments disclosed herein are directed to blowing agent blends, and
foam-forming compositions for use in forming rigid polyurethane foams, which eliminate the
use of HCFC’s yet provide rigid polyurethane foams having excellent adhesion to facer
substrates and a low density, all while maintaining acceptable or improved R-values,
compressive strength, and dimensional stability. Thus, the present invention provides a foam-

forming composition comprising a blowing agent which is a blend of HFC’s.

[0007] These and other embodiments which will be apparent to those skilled in the art
are accomplished by reacting an organic polyisocyanate component with an isocyanate-
reactive component in the presence of a blowing agent blend, a urethane-forming catalyst, a
polyether-modified polysiloxane and water. The isocyanate-reactive component may include
a polyol comprising at least one polyether polyol having a hydroxy functionality of 3.0 or
greater and a number average molecular weight of less than 2000 g/mol. The blowing agent
blend may include a Cs polyfluorohydrocarbon and a Cs polyfluorohydrocarbon, such as a
blend of pentafluorobutane and heptafluoropropane. Additionally, the composition may
further comprise a tertiary amine urethane-forming catalyst which improves adhesion of the

polyurethane foam to facer substrates.
DETAILED DESCRIPTION

[0008] It is to be understood that certain descriptions of the disclosed embodiments
have been simplified to illustrate only those steps, elements, features, and aspects that are
relevant to a clear understanding of the disclosed embodiments, while eliminating, for
purposes of clarity, other steps, elements, features, and aspects. Persons having ordinary skill
in the art, upon considering the present description of the disclosed embodiments, will

recognize that other steps, elements, and/or features may be desirable in a particular
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implementation or application of the disclosed embodiments. However, because such other
steps, elements, and/or features may be readily ascertained by persons having ordinary skill
upon considering the present description of the disclosed embodiments, and are not necessary
for a complete understanding of the disclosed embodiments, a description of such steps,
elements, and/or features is not provided herein. As such, it is to be understood that the
description set forth herein is merely exemplary and illustrative of the disclosed embodiments

and is not intended to limit the scope of the invention as defined solely by the claims.

[0009] Throughout this description and in the appended claims, use of the singular
includes the plural and plural encompasses singular, unless specifically stated otherwise. For
example, although reference is made herein to “an” organic polyisocyanate, “a” polyol, “a”
blowing agent, “a” catalyst, and “a” polyether-modified polysiloxane, one or more of any of

these components and/or any other components described herein can be used.

[0010] Other than where otherwise indicated, all numerical parameters are to be
understood as being prefaced and modified in all instances by the term "about", in which the
numerical parameters possess the inherent variability characteristic of the underlying
measurement techniques used to determine the numerical value of the parameter. At the very
least, and not as an attempt to limit the application of the doctrine of equivalents to the scope
of the claims, each numerical parameter described in the present description should at least be
construed in light of the number of reported significant digits and by applying ordinary

rounding techniques.

[0011] Also, any numerical range recited herein is intended to include all sub-ranges
subsumed therein. For example, a range of “1 to 10” is intended to include all sub-ranges
between (and including) the recited minimum value of 1 and the recited maximum value of
10, that is, having a minimum value equal to or greater than 1 and a maximum value equal to
or less than 10. Any maximum numerical limitation recited herein is intended to include all
lower numerical limitations subsumed therein and any minimum numerical limitation recited
herein is intended to include all higher numerical limitations subsumed therein. Accordingly,
Applicant(s) reserves the right to amend the present disclosure, including the claims, to
expressly recite any sub-range subsumed within the ranges expressly recited herein. All such
ranges are intended to be inherently disclosed herein such that amending to expressly recite
any such sub-ranges would comply with the requirements of 35 U.S.C. §112 and 35 U.S.C.
§132(a).
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[0012] The term "functionality" is used herein to refer to the number of reactive
hydroxyl groups, --OH, that are attached to the polyol molecule. In the production of
polyurethane foams, the hydroxyl groups react with isocyanate groups, --NCO, that are
attached to the isocyanate compound. The term "hydroxyl number" refers to the number of
reactive hydroxyl groups available for reaction, and is expressed as the number of milligrams
of potassium hydroxide equivalent to the hydroxyl content of one gram of the polyol (ASTM
D4274-88). The term "equivalent weight" refers to the weight of a compound divided by its
valence. For a polyol, the equivalent weight is the weight of the polyol that will combine
with an isocyanate group, and may be calculated by dividing the molecular weight of the
polyol by its functionality. The equivalent weight of a polyol may also be calculated by
dividing 56,100 by the hydroxyl number of the polyol - Equivalent Weight (g/eq) = (56.1 x
1000)/OH number.

[0013] It has been unexpectedly found that the use of a blend of HFC’s as a blowing
agent in a foam-forming composition is particularly advantageous because rigid polyurethane
foams having excellent performance characteristics can be obtained. Further, the use of a
tertiary amine urethane-forming catalyst as an adhesion promoter has been unexpectedly
found to provide polyurethane foams having greater adhesion to facer substrates in a

composite article.

[0014] The present invention provides a foam-forming composition which when
reacted forms a rigid polyurethane foam. The composition comprises (A) an organic
polyisocyanate and (B) an isocyanate-reactive composition. The isocyanate-reactive
composition may comprise (a) a polyol comprising at least one polyether polyol having a
hydroxy functionality of 3.0 or greater, (b) a blowing agent blend, (c¢) a urethane-forming
catalyst, (d) a polyether-modified polysiloxane, and (e) water.

[0015] Any of the known organic socyanates, modified isocvanates or isocyanate-
terromated prepolymers made from any of the known organic isocyanaies may be used in the
foam-forming composition of the present invention. Suitable orgapic isocyanates wwluds
aromatic, aliphatic, and cycloaliphatic polyvisocvanates and combinations thersof Usefud
mocyanates  mcluder  dusocvanates  such  as  mephenviene  disocvanate,  p-phenviens
ditsocyvanate, Z.4-toluene diisocvanate, 2.6-tolugne  duscevanate, 1.6-hexamethviene
ditsocvanate, 14-hexamethviene disocvanate, 13-cvelohexane ditsocvanate, 1.4-cvelo-
hexane dusocvanats

somers of hexahvdro-toluene dusocvanate, sophorone dusocyanate,

o
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dicycto-hexvimethane diisocyanales, 1 S-naphthviens diisocvanate, 4 4'-diphenvimethans
ditsocyanate, 2 4 -diphenyvimethane  disocvanate, 4,4-biphenviene dosocvanate, 33-
dirnethoxy -4 4 -bipherwvlens  diisoovanate  and  3.3-dimethvi-diphenyi-propane-d.4'-
ditsccyanate; iriiscovanates such as 2,4.6-toluene trusocyanate; and polvisocyanates such as
44 dimethyvi-diphenvimethane-2,2' 5 5 -etraisocyanate and the polvmethylene polyphenyl-

polyisocyanates,

[0016] Lndistilied or crude polyisocyanates may also be used i the foam-forming
composition of the preseni invention. The cnule toluene dusocvanate obtained by
phosgenating a mixte of lolusne diamings and the crude diphenyimethane diisocyanate
obtaned by phosgenating crude diphenylmethanediaroime (polvroeric M) are exaroples of

<

surable crude polvisocvanates. Suttable undistilled or orude polvisocyanates are disclosed in

U5, Pat. No, 3,215,632

[0017] Modified isocvanates are obtaimed by chemical reaction of diisooyanales
and/or polyvisocyanates. Modified 1socvanates usefil 1o the practice of the present wnvention
melude wocvanates contmning ester groups, urea groups, hiuret groups, allophanate groups,
carboditmide groups, isocvanurate groups, ureldions groups and/or urethane groups.

Examples of modified socyvanates include prepolymers contamng MCO groups and having

particularly those based on polvether polvols or polvester polvols and diphenvimethane

ditsocyanate. Processes for the production of these prepolymers are known in the art.

[0018] in embodimenis of the {oam-forming composition of the preseni nvention,
wseful  pohvisocyvanates  wmclude  roethviene-bridged  polvphenyl  polvisocvanates  and
prepolymers  of methviene-bridged polvphenvl polvisocvanates having an  average
functionality of from 1.8 10 3.5, such as from 2.3 1o 3.1, isocvanate moisties per molecule and
an NCO content of from 25 1o 32 waght percent, due o thew ability to cross-link the

polyurethane.

[0019] Anv of the known organic compounds condaming at least thres isocyanale
reaclive moieties per molecule may be emploved as part of the isocyanate-reactive
component of the foam-forming composition of the present mvention.  In cerfam
smbodimenis, the socvanatereactive compounds may be polyols or muxtures of polvolg
having average functionalities of at least 3, such as from 3 fo &, or from 3 fo &, isocvanate-

reactive hyvdrogen aioms.
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[0020] The hydroxyl number and molecular weight of the polyols can vary according
to the desired property of the cellular foam. In general, polyols useful in the foam-forming
composition f the present imvention may have hydroxyl numbers which range from 200 to
650 mg KOH/g, such as from 200 to 550 mg KOH/g, and number average molecular weights
which are less than 3,000 g/mol, such as less than 2,000 g/mol, or even less than 1000 g/mol.

[0021] In certain embodiments, the isocyanate-reactive component may comprise
polyether polyols. Polyether polyols can be prepared by reacting suitable starters with one or
more alkylene oxides, such as ethylene, propylene and/or butylene oxide. The polyether
polyols may have functionalities of between 3 and 6 and average equivalent weights of

between 70 and 300 g/eq.

[0022] Suitable starters useful for preparing the polyether polyols of the present
invention include organic dicarboxylic acids (e.g., succinic acid, adipic acid, phthalic acid
and terephthalic acid), polyhydric alcohols (e.g., ethylene glycol, propylene glycol, glycerin,
trimethylolpropane, pentaerythritol, sorbitol, sucrose and bisphenol A), alkanolamines (e.g.,
ethanolamine, diethanolamine, N-methyl- and N-ethyl-ethanolamine, N-methyl- and N-ethyl-
diethanolamine, and triethanolamine), aliphatic and aromatic amines (e.g., ethylenediamine,
diethylenetriamine, triethylenetetramine, 1,3-propylenediamine, 1,3- or 1,4-butylenediamine,
1,2-, 1,3-, 1,4-, 1,5- and 1,6-hexamethylenediamine, phenylenediamine, o-toluenediamine, m-
toluenediamine, methylenedianiline, polymethylenedianiline, 2,3-, 2,4- and 2,6-
tolylenediamine, toluene diamine, and 4.4'-, 2,4'- and 2,2'-diamino-diphenylmethane which

may be substituted with a mono- or dialkyl group), and ammonia.

[0023] Polyvalent alcohols may also be suitable as starter molecules, such as divalent,
trivalent and/or more valent alcohols, (e.g., ethanediol, propanediol-1,2 and propanediol-1,3,

diethylene glycol, dipropylene glycol, butanediol-1,4, hexanediol-1,6, and glycerine).

[0024] MNon-liniting examples of commercially-avaiiable polyether polyols usefdl in
accordance with the mvention nclude those commercially available under the product name

MULTRANGL {availabie from Covesiro, LLC)

[0025] Polyester polyols may be prepared from, for example, an organic dicarboxylic
acid having 2 to 12 carbon atoms, such as an aliphatic dicarboxylic acid having 4 to 6 carbon
atoms, and a polyvalent alcohol, such as a diol or triol having 2 to 12 carbon atoms.

Examples of the dicarboxylic acid are succinic acid, glutaric acid, adipic acid, suberic acid,
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azelaic acid, sebacic acid, decanedicarboxylic acid, maleic acid, fumaric acid, phthalic acid,
isophthalic acid and terephthalic acid. Instead of a free dicarboxylic acid, a corresponding
dicarboxylic acid derivative such as a dicarboxylic acid monoester or diester prepared by
esterification with an alcohol having 1 to 4 carbon atoms or dicarboxylic anhydride can be

used.

[0026] Exemplary polyvalent alcohols include, for example, ethanediol, diethylene
glycol, 1,2- or 1,3-propanediol, dipropylene glycol, 1,4-butanediol, 1,5-pentanediol, 1,6-
hexanediol, 1,10-decanediol, glycerine and trimethylolpropane. Furthermore, a polyester
polyol produced from a lactone such as e-caprolactone or a hydroxycarboxylic acid such as a

Q-hydroxycaproic acid can be used.

[0027] Either one polvol or g blend of two o more polvels may be uselid as part of

the isocyanate-reactive component it the foam-forming composition of the present mverdion,

[0028] The isocvanate and socvanate-reactive madenials may be used i quardities
such that the equivalent ratio of isocvanate groups 1o isocyanate-reactive groups is from 1.0

t0 2.0, such as from 1.05 10 1.75, or from 1,10 10 1.50

[0029] Auy of the known HFC blowing agents, and any of their known isomers, may
be eroploved as the blowing agent blend n the foaro-formang conwposition of the preseot
invention. Exemplary HFC blowing agents include €5 — Cs polvtluorohydrocarbons, such as
s — {4 polvfleorcalkanes and polyfluosroalkenes, and any of the known somers of Tz -~ Gy

poly flucroalkanes and polvfluoroalkenes.

Y

[0030] The €3 — (s polviluorcalkanes useful in the present mverdion include those

represented by the foromila
CX:-CY2-R {1}

i which gach X independently represents hydrogen or fluorine, each Y independently
represents hydrogen, fuonne or CFs, and R represents H, F, CHoF, CHF, O, CFs, CF2-
CHz, CECHRF, or CHe-UHs, wherein at least two {luorme gfoms are present and the toial

number of carbon atoms is from 3 1o 4.

[0031] Any of the known 1somers of C: and Cy polvituorcalkanes mav be used m the
foame-forovng  compostiion of the present wvention such as, for example, 1,1.2,23-

Y

pertaliuoropropane {(HFC-245¢a),  1.1,2.3 3-pentaflluoropropane  (HFC-245eay;, 1,11,3.3-
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peniafivoropropane  (MHP{-245fay 2.2 4 4-eivafluorcbutane;  1,1,1,3,3-pentafluorobutane
(HFC-365mfc); 1,1,1.3.3-pentaftuoro-n-butane, 1.1,1.3,3 3-hexaflvoropropane; 1,1,1,3.3,3-
hevafluoro-2-methylpropane;  1.1,1,3.3 4-hesalluorobutane; 1, 1.1,4.4,4-hevalluoro-butans

(HFC-365mffimy; 1.1,1,2.3 3 3-heptathuoropropans (HF{-227ea); and mixiures thereof

[0032] ®ixtures or blends of {5 and Cs polviiuoreatkanes are wseful. An exemplary
blowing agent blend which may find utihity wn the foam-forming composition of the present
mvention mcludes nuxiures of pentafluorobutane and heptafluoropropane, or any of their
known isomers. For example, in certain embodiments, the mixtures may include 1,1,1,3,3-

Eiat il ]

pentafluorobutane (HFC-365mfc) and 1.1.1,2,3,3,3-hepiatlcoropropane (HFC-2272a)

[0033] in certam embodiments, the blowing agent blend comprises from 80 to 90,
such as from 86 to 88, weight percent of (i) s polviluorcalkane, such as 1,1,1,3,3-
pentafluorobutane (HFC 365mfc), and from 10 to 20, such as from 12 to 14, weight percent
of (i1) {5 polyfhusroatkane, such as 1,1,1,2,3,3,3-heptafluoropropane (HFC 227ea), based on
the total weight of the blowing agent blend.

[0034] The blowing agent blend is generally included in the isocvanate-reactive
composition mixture in amounts below the flashpoint as determined by ASTM D93: Pensky-
Martens Closed Cup Method. That is, the blowing agent blend can become flammable when
blended with the isocyanaie-reaciive composition in amounts that are too great, or when
mixed with polyols for which the blend is poorly soluble. As such, when the blowing agent
blend mchudes fron: 80 to 90 weight percent {4 polvfluoroalkans and from 10 to 20 weight
percent {1 polviluoroatiane, based on the total weight of the blowing agent blend, the blend
may be included in the isocyanate reaciive compostiion (B} 10 an amount of up 1o 16 weight

percent, based on the total weight of the foam formulation.

[0035] Water can also be included in the fomm-forming muxiure. When water s

meluded, 1t is generally incloded m the isocyanale reactive composition {B) m an amount of

L

areater than 0.5 weight percent, such as from 1.0 to 4.0 weight percent, or from 1.5 1o 3.
weight percent, based upon the total weight of the iscovanate reactive component (B).
Generally, ong molecule of water reacts with two isocyanate groups to form a urea and

carbon digxide gas,

[0036] One or more urethane-forming catalysts may be present in the foam-forming

composition of the present invention. A wide variety of materials are known to catalyze
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polyurethane forming reactions, including tertiary amines, tertiary phosphines, various metal
chelates, acid metal salts, strong bases, various metal alcoholates and phenolates, and metal
salts of organic acids. In various embodiments of the present invention, the urethane-forming
catalysts include organotin catalysts and tertiary amine catalysts, which may be used singly or
in some combination. For example, a combination of at least one tertiary amine “gelling”
catalyst, which strongly promotes the reaction of an alcohol group with an isocyanate to form
the urethane, and at least one tertiary amine “blowing™ catalyst, which strongly promotes the
reaction of an isocyanate group with a water molecule to form carbon dioxide, may be used

as the urethane-forming catalyst of the present invention.

[0037] Specific  examples  of  swtable  tertiary  amune  catalvsts  include
pertamethyldiethvlenetniamine  {(PMDETA), N N-dimethyvlcycichexyviamine  (BMIUHAY
NN N dimethyiaminopropyvi-hexabydrotnarine, tetramethylathviensdianune, fetramethvi-
butviene diamine and disethviethanolamane. To certain embodiments, useful terhiary amine
catalysis meclude Pentarpethyidiethyionetniamine (PMDETA), NN N"-diroethyvigminopropyvl-
hiexahvdrodriazine, and N N-dimethvicvclohexvianune (DMCUHA) Specific examples of
suitable organometallic catalysis include dibutyitin dilawate, dibulylin diacetate, slannous

ocioaie, poiassiun ocloate, potassivm acetate, and polassium lactate.

[0038] It has been unexpectedly found that certam of the abave mdicated tertary
amine catalvsts improve adhesion of the rigid polvurethane foam 1o facer substrates.
Urgthane-forming catalvats which unprove adhesion include at least the blowing catalvst
pentamethyldiethvileneinarine (PMDETA)Y  Thus, wuxtures of tertiary amive urethane-
forming catalysts which roay roeasurably mncrease the rate of reaction of the polvisocyanate,
such as a gelling catalvsi, and improve adhesion to the facer substrate, such as a blowing
catalyst, are useful. Exemplary mixtures inchude mixtures of N MN-dimethvicvciohexylaming

{DMCHA) and pertamethytdiethy lenetviaming (PMDETA}

[0039] Urethane-fornung catalysts may be used at from 0.01 to 3 weight percent, or
(.3 10 1.0 weight parcent, basad on the total weight of the isocyanate reactive composition
{B} The urethane-forming catalysi mav mclode a mixture of a tertiary amine geiling catalyst
used at from 01 io 1.0 waight percent, or from 0.3 1o 0.7 weight percent, and a blowing
catalyst at from 0.01 to .3 weight percent, or 0.05 o .15 weight percent, based on the total

weight of the isocyanate reactive composition {(B)
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[0040] When preparing polyurethane-based foams, it is generally helpful to employ a
minor amount of a surfactant to stabilize the foaming reaction mixture until it obtains rigidity.
Such surfactants advantageously comprise an organosilicon compound such as polysiloxane-
polyalkyene-block copolymers, such as a polyether-modified polysiloxane. Other useful
surfactants include polyethylene glycol ethers of long chain alcohols, tertiary amine or
alkanolamine salts of long chain alkyl acid sulfate esters, alkylsulfonic esters, or
alkylarylsulfonic acids. Such surfactants are employed in amounts sufficient to stabilize the
foaming reaction mixture against collapse and the formation of large and uneven cells.
Typically, 0.2 to 5.0 weight percent of the surfactant, based on the total weight of the

isocyanate reactive composition (B), is sufficient for this purpose.

[0041] Additional materials which may aptionally be included wn the foam-forming
composifions of the present mvention include: c¢hain exienders, crosslinking agents,

pigments, colorants, fillers, antioadants, Hame retardants, and stabilizers,

[0042] Exemplary flame retardants useful in the foam-forming composition of the
present invention include, but are not limited to, reactive bromine based compounds known
to be used in polyurethane chemistry and chlorinated phosphate esters, including but not
limited to, tri{2~chisroethviphosphate (TECPY, in(l 3-dichlovo-2-propyDphosphate, indl-
chloro-Z-propyUphosphate (TOPP)Y and dimethyi propy] phosphate (DMPPY

[0043] The present mverdion also provides a process for the production of ngid
poivirethane foams with a blend of HFC biowmg agents.  In the process of the present
fvention (A) an organic socvanate i3 reacted with (B) an isoovanate-reactive composition
that mcludes {8} a polvol comprising at least one polyether polvol having a hydroxy
functionality of 3.0 or greater, {b} an HFC blowing agent blend, such as a blend of 8 &
poiyflusrohydrocarbon and a Cq polyflucrohydrocarbon, {¢) a urethane-forming catadyvst, (di a
polyether-moodified polveioxane, (&) water, and (1) optionallv other addihives selected from
the group comprising fame retardants, chaim extenders, crosshinking agends, pigments,
colorants, fillers, antioxidants, and siabilizers. In certain embodiments of the process, the
blowing agent blend may comprise a pentafivoro-butane and a heptafluoro-propans such as,
for example, 1.1,1.33-pentaflucro-butane ("HEC-365mit™y and 1,1, 1.2,3,3 3-heptaftuoro-

propane {THFC-227e3™), respectively.

[0044] The process described may be emploved fo produce rigid polyurethane foams

and composite prodocts comprising such foams. In certain embodiments, the polyol of the
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tsocy anate-reactive composition (B} may be reacted with an organic polyisocvanate {A} in
the presence of the blowing agent blend, urethane-forming catalyst, polvether-modified
polvaiosane surfactant, water and optionally, a flame retardant, and other addives, fillers,
ete. The nigid foans of the present invention may be prepared n a ona-shoi process by
reacting all of the ingredients {ogether at once, or the foams may be prepared by the so-called

gquasi-prepoly mer method,

[0045] in the one-shot process where foarming s camed out using foam roachines, the
podvol, urethane-fornung catalvst, surfactant, blowing agent, water and optionat additives
may be mtroduced separately to the mixing head where they are combined with the
polyisocyanate o give the polvurethane-forming muxture. The muxture may be poured or
mjected mto a swiable contaner or molded as reguired. For use of machines with a houted
number of component lines into the mixing head, a pramix of all the components except the

polvisocyanaie can be advantageously emploved,

[0046] It is convenient in many applications to provide the components for
polyurethane production in pre-blended formulations based on each of the primary
polyisocyanate and isocyanate-reactive components. In particular, many reaction systems
employ a polyisocyanate-reactive composition which contains the major additives such as the
blowing agent in addition to the isocyanate reactive component or components. According to
the two-component method (component A: polyisocyanate; and component B: isocyanate
reactive composition which includes the polyol, blowing agent, catalyst, polysiloxane, and
water), the components may be mixed at a temperature of 5 to 50° C., such as 15 to 35° C.,
poured into a mold having the temperature adjusted to within a range of from 20 to 70° C.,
such as 35 to 60° C., and then foamed to give a rigid polyurethane foam. This simplifies the
metering and mixing of the reacting components which form the polyurethane foam-forming

RRRIrE,

[0047] Therefore, the present invention also provides an isocyanate-reactive
composition comprising {3} a polvol comprising at leasi one polvether polvol having a
hydroxy functionality of 3.0 or greater, (b} an HFC blowing agent blend, such as a blend of a
2 polyflucrohyvdrocarbon and a Cs polvfluorohvdrocarbon, () a urethane-forming catalyst,
() & polvether-modified polvsiloxane, {e} water, and {f) optionaily other additives selected
from the group comprising flame retardants, chain extenders, crosslinking agenis, pigments,

colorants, fillers, antiowadants, flame retardants, and stabilizers.  In certain embodiments of
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the procass, the blowing agent blend may comprise a pentafluore-bndans and a heptafiuoro-
propane  such  as, for example, 1,113 3-pentafltuore-botane  ("HFC-363mifc™)  and

1,0.1,2,3.3 3-heptalluoro-propane CHFC-227ea7). respectively.

[0048] Aliernatively, the nigid polyurethane foams may also be prepared by the so-
catied “quast prepolyvmer” method. In this method, a portion of the polvel component 18
reacted juo the absence of the wethane-formung catalysts with the polvisocvanate component
i proporiion 50 as to provide from 10 porcent 1o 30 percent of free socvanate groups 1 the
reaction produwt based on the prepolvmer. To prepare foam. the remaming portion of the
poivol i3 added and the components are allowed o react together in the presence of the
wrethane-Torming  calalysis and other approprigte additives such as the blowing agent,
polyether-moodified polysidosane, etc. Other additives may be added fo either the socvanate
prepoly mer or remaining polyol or both prior to the muxing of the components, whereby at

the end of the reaction, a ngd pelvurethane foam is provided,

[0049] Furthermore, the rigid polyurethane foam can be prepared in a batch or
continuous process by the one-shot or quasi-prepolymer methods using any well-known
foaming apparatus. The rigid polyurethane foam may be produced in the form of slab stock,
moldings, cavity fillings, sprayed foam, frothed foam or laminates with other materials such

as hardboard, plasterboard, plastics, paper or metal as facer substrates.

[0050] The compositions and processes of the present invention provide a
substantially closed-cell rigid polyurethane foam. As indicated above, the blowing agent
blends of the present invention have no flashpoint when included at less than 16 weight
percent, based on the total weight percent of the isocyanate-reactive component.
Furthermore, the rigid polyurethane foams of the present invention have excellent

compressive strength and adhesion to facer substrates.

[0051] The compressive strength of the rigid polyurethane foams produced according
to various embodiments of the present invention is typically in the range of from 95 to 120
KPa (perpendicular to the direction of foam flow) and 140 to 200 KPa (parallel to the
direction of foam flow). As used herein, the term “compressive strength” refers {0 a
vumerical physical property value of a foam that s determined from a point oo 4 siress versus
deformaton (e, defiecton) curve at 10 percent deformation, as measured m accordance

with ANTM D1621 Externally applied stress deforms the cell structwrg of foams. The
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compressive strength i3 expressed in terms of siressimit area of the foam at which stress 18

applied.

[0052] Furthermore, foams produced according to the present invention have
acceptable adhesion to substrates. The adhesive properties of rigid polyurethane foams are
determined by measuring tensile adhesion strength of the foam to a desired substrate. ASTM
D1623 is an acceptable standard for measuring tensile adhesion of rigid polyurethane foams.
In certain embodiments, the rigid polyurethane foams produced according to the present
invention may have a tensile adhesion strength greater than 250 KPa as measured by ASTM
D1623 when adhered to Versitek VR2 plastic liner. Moreover, the rigid polyurethane foams
of the present wvention fvpically have a peak peel strength of greater than 2 Ib-f/in and an
average peel strength of greater than 1 1b-f/in according to ASTM D429: 90° peel test when
adhered to Versitek VR2 plastic liner.

[0053] For closed-cell insulating foams, the object is to retain the blowing agent in
the cells to maintain a low thermal conductivity of the insulating material, i.e., the rigid
polyurethane foam. Thus, a high closed-cell content in the foam is desirable. Foams produced
according to various embodiments of the present invention have more than 80 percent,
typically more than 85 percent, or more than 88 percent closed-cell content as measured
according to ASTM D6226.  Furthermore, the thermal conductivity of foams produced
according to various embodiments of the present invention indicates that the foams have
acceptable insulating properties. Typical thermal conductivity measured at 35°F (2° C))
ranges from 0.135 to 0.145 BTU-in/h-ft*>-°F, and measured at 75°F (24° C.) ranges from 0.155
to 0.165 BTU-in/h-ft>-°F, for foam from the core of 2-inch to 4-inch thick panels, as
measured according to ASTM C518.

[0054] The invention also relates to the use of rigid polyurethane foams according to
the invention for thermal insulation. That is, the rigid polyurethane foams of the present
invention may find use as an insulating material in refrigeration apparatuses since the
combination of good thermal insulation, high strength, good blowing agent solubility and
rapid curing (short mold dwell time) is particularly appropriate here. The rigid foams
according to the invention can be used, for example, as an intermediate layer in composite
elements or for filling hollow spaces of refrigerators and freezers, or refrigerated trailers. The
inventive foams may also find use in the construction industry or for thermal insulation of

long-distance heating pipes and containers.
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[0055] As such, the present invention also provides a composite article comprising a
rigid polyurethane foam as disclosed herein sandwiched between one or more facer
substrates. In certain embodiments, the facer substrate may be plastic, paper, wood, or metal
material. For example, in certain embodiments, the composite article may be a refrigeration
apparatus such as a refrigerator, freezer, or cooler. In certain embodiments, the refrigeration
apparatus may be a trailer, and the composite article may include the polyurethane foams

produced according to the present invention in sandwich composites for trailer side-walls.

[0056] Having thus described owr mvention, the following examples arg given as
being tHuosirative thereot, All parts and perceniages given in these examples arg paris by

weight and percentages by weight, uniess otherwise indicated.
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EXARMPLES

[0057] The present compositions were developed (o provide polyurethane foam
svatems that do not utilize CFC’s or HCFC’s it produce foamns with 4 good balance of
properties {e g, acceptable compressive strength and good adhesion to facer substrates), and
which require few changes to the existing foam-forming processes and equipment.
Historically, HCFC-141b has been favored for production of closed-cell polyurethane foams
because it has a high boiling point (32° C.), is a liquid under atmospheric conditions, is not
flammable, and has low thermal conductivity which provides a foam suitable for insulation

purposes.

[0058] ¥While HFC-245fa has been employed as an alternative to the HCFC blowing
agents, it has a relatively low boiling point (15° C.) which leads to a high vapor pressure that
often requires upgrading plant equipment to accommodate the associated higher pressures.
Other HFC’s also exhibit low boiling points and may even be gases under atmospheric
conditions (HFC-227ea, boiling point -16° C.), or may be flammable (HFC-365mfc, boiling
point 40° C.). The present inventors have unexpectedly found that certain mixtures or blends
of HFC’s provide a composition which is non-flammable and has a suitably high boiling
point that few or no changes to the existing foam-forming processes and equipment are
required. Blowing agent blends suitable for use in the foam-forming compositions of the
present invention include a mixture of (i) a Cs polyfluorohydrocarbon, and (ii) a Cs

polyfluorohydrocarbon.

[0059] Further, the present inventors have formulated a polyol system in which the
blowing agent blends are soluble, thus further reducing the risks of flammability. Such a
polyol system may include a polyol comprising at least one polyether polyol having a
hydroxy functionality of 3.0 or greater and a number average molecular weight of less than
2000, such as less than 1000. Specifically, it was unexpectedly found that polyol C improved
the solubility of the blowing agent blends of the present invention. Thus, an exemplary
polyol may include polyol C as listed below. In certain embodiments, an exemplary poly

includes a mixture of polyol A, polyol B, and polyol C as listed below.
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[0060] The materials usad iny the Fxamplas given balow were as foliows:

POLYOL A

POLYOL B

POLYOL

POLYOL I

SURFACTANT
Az

CATALYST A

CATALYSRT B:

ESOCYAMATE:

HFC-365mfc
HFC-227ea
HEC- 2458
HOFC-141h

FLAME
RETARDANT:

A sucrose-based polvether polyvol, which is commercially available
wnder the tradename Multranol ® 4030 from Covestre, LT, This
padyvol has an OH number of 380 mg KOH/g, a numbser average
sotecudar weight of 857, and a bvdroxyl functionality of 3.8,

A phvcerine-hased fricl, which 15 commercially available under the
tradenaroe Multranol ® 9138 from Covestro, LLC This polyol has an
OH number of 470 mg KOH/g, a number average wmolecnlar weight of
35%, and a hvdrowyl funciionality of 3.0,

A ghvcerine-hased triol. This polvel has an OH number of 250 mg

K OH/g, a nurober average molecular weight of 673, and a hyvdroxyi
functionalitv of 3.0.

A mixture of Muliranol ® 4030 from Covestro, LLC (sucrose-hased
polvether polvel), Multranol ® 91358 from Covestro, LLC {glveenne-
based friol), STEPANPOL® PS-2302A from Stepan Company (2
maodified aromatic polvester polvoll, and glveerol.

A polvaitoxane-poly ether-copoivimer coromercially avaitable from
Gotdschimdt Chemical Corporation under the tradename Tegostab ®
B-#463,

A tertiary aroine catalyst, N.N-dimethylcyclohesylamune, commeraally
avaiiable from Air Products and Chemvcals, Toe. under the tradename
Polvcat®-8.

A tertiary anune catalvst, perdamethyldiethviencinarome, convnercally
avatlable {rom Al Produets and Chenmcals, Ine. under the fradename
Polyeat®-5.

Mondur ME ® isocvanate, a polymethviene polvphenvi polvisocvanate
that 13 conynercially available from Bayver Corporation having an
izocyanate content of 31.5 percent.

1,1,1,3,3-pentafluorobutane

1,1,1,2,3,3,3-heptafluoropropane
1.1.1.3, 3-pentafluoropropane
L. -dichioro-i-flucrosthane

Chlorinated phosphate ester: t1i{ | -chloro-Z-propyi}phosphate ¢ TCPP)

[0061] Various blowing agent blends according to the present invention (see Table 1)

were formulated and flashpoint tested in a polyol of the present invention (mixture of polyol

A, polyol B, and polyol C as listed above) according to the ASTM D93: Pensky-Martin
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closed cup method. Blowing agent blend A (see Table 1) was found to be flammable at
every loading weight percent tested (loading weight percent is the weight percent of the
blowing agent blend based on the total weight of the polyol + blowing agent blend). Blowing
agent blend B showed no flashpoint in the polyol at up to 16 loading weight percent (0 — 16
weight percent), whereas blowing agent blend C had no flashpoint in the narrow window of
19 to 25 loading weight percent. Thus, blowing agent blend B would be safe for use at or
below 16 loading weight percent, whereas blowing agent blend C may become flammable if

blowing agent losses occur which bring the total loading weight percent below 19.

Table 1
Blowing HFC-365mfc HFC-227ea Boiling point
agent blend (wt%) (wt%) “°C.
A 100 0 40
B 87 13 24
C 93 7 30

[0062] As indicated above, although HFC-245fa does have several of the optimal
attributes previously observed for HCFC blowing agents, it has a relatively low boiling point
(15° C.) which leads to a high vapor pressure that necessitates certain changes to the manner
in which it is shipped and the equipment that is used for producing foam. Vapor pressures
were measured for the blowing agent blend B as follows: the polyol (mixture of polyol A,
polyol B, and polyol C) and blowing agent blend (5.16 weight percent with respect to the
blowing agent plus polyol) were blended and placed into a pressure vessel equipped with an
agitator and a pressure gauge. The mixture was then cooled to below 10° C. and allowed to
equilibrate while agitating. The head space gas, having either positive or negative pressure,
was vented to zero the pressure gauge. This blend was then slowly warmed and the vapor
pressure and temperature were periodically recorded. Results are reported in Table 2. At all
temperatures measured, the vapor pressure for the blowing agent blend B remained below the

working pressure of a standard 16-gauge drum (24 psig).
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Table 2
Temperature Pressure
(°C) (PSIG)
10 0.2
15 2.2
20 3.6
25 4.7
30 6.0
35 7.5
40 10.2
45 12.6
50 15.0
55 18.1
60 21.0

PCT/US2016/065240

[0063] The foam-forming compositions used in the various Examples are set forth in

Table 3 below. Various properties of the compositions and foams produced therefrom using

the formulations of the Examples are set forth in Tables 4 and 5. Examples 1 and 2 are

comparative examples, while Examples 3 — 9 comprise the foam-forming compositions of the

present invention. Example 1 is included for comparative purposes only, and is mixed

according to the prior art formulation currently used in the industry and not according to the

inventive formulations disclosed herein.
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Table 3
Example
(wt. percent) 1# 2 3 4 5 6 7 8 9

Blowing agent

B (from Table 1) - - 11.26 | 14.00 | 17.00 - - - -

C (from Table 1) - - - - - 11.25 | 14.00 | 17.00 | 11.27
HCFC-141b 25.72 - - - - - - - -
HF C-245fa - 11.10 - - - - - - -

Polyol A - 30.72 | 27.08 | 26.15 | 25.24 | 27.05 | 26.15 | 25.24 | 27.10
Polyol B - 156.37 | 13.54 | 13.05 [ 12.60 | 13.53 | 13.05 | 12.60 | 13.56
Polyol C - 39.01 | 34.39 | 33.30 | 3215 | 34.46 | 33.30 | 32.15| 34.43

Polyol D 68.37 - - - - - - - -

Surfactant 0.78 | 247 | 217 220 | 220 | 217 220 | 220 | 217

Catalyst A 0.92 - 0.69 0.80 | 0.90 | 0.69 0.80 | 0.90 | 0.49
Catalyst B - 0.11 - - - - - - 0.10
Flame Rtd 3.59 | 896 | 7.90 8.00 | 8.00 | 7.89 8.00 | 8.00 | 7.91
Water 0.61 | 3.36 | 2.96 2.50 1.90 | 2.96 2.50 190 | 2.96
Total isocyanate
reactive 100 100 100 100 100 100 100 100 100
composition

Isocyanate 130.0 | 133.3 | 1184 | 109.0 | 964 | 1183 | 109.0 | 964 | 118.5

NCO:OH index | 1.143 | 1.143 | 1.143 | 1.150 | 1.148 | 1.143 | 1.150 | 1.148 | 1.143

* For comparative Example 1 only — Silicone surfactant: Tegostab B-8421.

[0064] For each of the Examples, the polyols, catalysts, surfactant, blowing agent,
water and isocyanate were combined and reacted in the amounts indicated in Table 3. All
foams were prepared using a Hennecke HK-2500 high-pressure foam machine. The liquid
output was maintained at a constant 20° C. at 5000 grams/second with a pour pressure of 150
bar. The minimum fill density was determined from foam panels poured into a temperature
controlled mold (40° C.) having dimensions — 28 feet by 102 inches by 3 inches with several
obstructions in the flow path. The mold was first left open at the top and over-filled to
determine minimum fill density by cutting the sample down to known dimensions and
determining the mass. After the minimum fill density was determined, the mold was clamped
closed and packed to a density of 15 percent over the minimum fill density. The foam was
sandwiched between one aluminum facer and one plastic facer. Foams were held in the mold
at 40° C. for 25 to 30 minutes before de-molding. Density for each of the inventive foams

was typically between 2.10 and 2.20 1b./ft>, measured according to ASTM D1622.
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[0065] As illustrated in Table 4, foams produced with the inventive formulation of
Example 3 demonstrated a compressive strength which was better than the compressive
strength of foams formed using HFC-245fa (comparative Example 2) or the industry standard
HCFC-141b (comparative Example 1). Furthermore, the inventive formulations of Examples
3 - 9 produced foams with R-Values comparable to the comparative Examples 1 and 2,
measured according to ASTM C518, and improved dimensional stability over the

comparative examples, measured according to ASTM D2126.

Table 4

Example

1 2 3 4 5 6 7 8

blowing agent at mix

head (wt. %) 13.70 | 4.55 5.16 6.70 8.66 5.16 6.70 8.66

waterin polyol side | g5 | 333 | 333 | 201 | 220 | 333 | 201 | 229

(wt. %)
TC' at 35°F 0.125 | 0.136 | 0.143 | 0.143 | 0.148 | 0.137 | 0.140 | 0.143
TC' at 75°F 0.129 | 0.155 | 0.162 | 0.160 | 0.162 | 0.155 | 0.157 | 0.158
R-Value* at 35°F 80 | 74 | 70 | 70 | 68 | 73 | 71 | 70
R-Value* at 75°F 78 | 65 | 62 | 63 | 62 | 65 | 64 | 63

% Close cell content 87.7 89.9 87.9 88.5 87.1 90.3 89.7 88.6

Compressive strength
at 10% yield (kPa) —

Perpendicular 55 87 119 - - 88 - -
Dimensional Stability
(% vol. change after7 | 1.85 | -1.70 | -1.05 | -0.80 | -0.65 - -1.15 | 0.20

days at 70°C)

TTC — Thermal Conductivity (BTU-in/h-ft?-°F); ¥ R-value (h-ft2-°F/BTU-in)

[0066] Overall, foams formed using the inventive compositions of Examples 3 — 8
demonstrated excellent insulative properties (Thermal conductivity and R-value; high percent
closed cell content), and excellent stability (dimensional stability and compressive strength).
Furthermore, the results shown in Table 4 indicate that far less blowing agent is required to
produce these foams when using the inventive blends (blowing agent blend B — Examples 3 —
5; blowing agent blend C — Examples 6 — 8) than when using the prior art blowing agents
(comparative Examples 1 and 2; HCFC-141b and HFC-245fa, respectively). Each of the
improved properties — dimensional stability and compressive strength — were found to be
improved at every weight percent tested (weight percent of the blowing agent relative to the

total weight of the isocyanate reactive composition (as listed in Table 3) for the foam-
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forming composition (as listed in Table 4)). Therefore, the inventive blowing agent blends
may be included in the foam-forming compositions of the present invention at 16 weight
percent or less, such as 12 weight percent or less, or 9 weight percent or less, or even 6

weight percent or less, based on the total weight of the foam-forming composition.

Table S
Example: 10 11 12 13
Blowing agent B (pbw) 861 | 861 | 861 | 861
Polyol A 28.40 | 28.40 | 28.40 | 28.40
Polyol B 14.20 | 14.20 | 14.20 | 14.20
Polyol C 36.17 | 36.17 | 36.17 | 36.17
Catalyst A 077 | 077 | 0.77 | 0.77
Flame Retardant 759 | 7.59 | 7.59 | 7.59
Water 227 | 227 | 227 | 227
Tegostab B-8497 2.09 - - -
Tegostab B-8484 - 2.09 - -
Tegostab B-8485 - - 2.09 -
Tegostab B-8465 - - - 2.09
Total |sc(())<r‘,‘r3]lscr)1:i’(t?o;eact|ve 100 100 100 100

[0067] Foams formed using the inventive compositions of the present invention were
also optimized for surface defects, such as voids, and for adhesion to the facer substrates.
Various surfactants were tested for their ability to produce foams having reduced surface
defects. Test formulations are listed in Table S. Qualitative analysis of foams formed from
the composition of Example 10 which uses the surfactant Tegostab B-8497, an end-capped
surfactant, showed a foam with few surface defects but which had reduced adhesion to the
facer substrate. The OH-terminated surfactants Tegostab B-8484, Tegostab B-8485, and
Tegostab B-8465 used in Examples 11 — 13, respectively, all demonstrated improved
adhesion to the facer substrate, but with small increases in the amount of surface defects over
the Example 10 formulation. Thus, an OH-capped surfactant, such as a polyether-modified
polysiloxane, may be useful in the foam-forming compositions of the present invention,
showing a good balance of improved adhesion to facer substrates and reduced surface

defects.
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[0068] Additionally, the present inventors discovered that addition of a tertiary amine
catalyst further improved adhesion of foams formed using compositions of the present
invention to facer substrates. Initial adhesion testing demonstrated that addition of the
tertiary amine pentamethvidicthylenetrianune, normally only used as a blowing catalyst,
improved adhesion of the inventive foams to facer substrates. As illustrated in Table 5,
while foams produced with the inventive formulations of Example 3 had lower average peel
strength than the comparative Examples 1 and 2, inclusion of the tertiary amine in Example 9

improved the average peel strength and peak peel strength to plastic facer substrates (Versitek

Facer).
Table 6
Example: 1 2 3 9
blowing agent (pbw) 13.7 4.55 5.16 6.70
water in polyol side (pbw) 0.82 3.33 3.33 2.91
Tensile Adhesion Strength (kPa) 158 - 304 289
Average peel strength (Ib.-f/in) 1.25 1.25 0.92 1.31
Peek peel strength (Ib.-f/in) 1.79 1.86 1.67 2.30

[0069] Although the invention has been described in detail in the foregoing for the
purpose of illustration, it is to be understood that such detail is solely for that purpose and that
variations can be made therein by those skilled in the art without departing from the spirit and

scope of the invention except as it may be limited by the claims.

-22-



WO 2017/100232 PCT/US2016/065240

WHAT IS CLAIMED IS:

1. A polyurethane foam-forming composition comprising:
(A) an organic polyisocyanate; and
(B) an isocyanate-reactive composition comprising:

(a) a polyol comprising at least one polyether polyol having a
hydroxy functionality of 3.0 or greater and a molecular weight of

less than 2000,

(b) a Dblowing agent blend comprising (i) a Cq
polyfluorohydrocarbon, and (i1) a Cs polyfluorohydrocarbon,

(¢) a urethane-forming catalyst,
(d) a polyether-modified polysiloxane, and

(e) water.

2. The composition of Claim 1, wherein the blowing agent blend has no
flashpoint, as determined by ASTM D93: Pensky-Martens Closed Cup Method, at

up to 16 weight percent based on the total weight percent of component (B).

3. The composition of Claim 1, wherein the urethane-forming catalyst
comprises a tertiary alkyl amine gelling (Blowing) catalyst and

pantamethyldiethyiensiriamine (PMDETA).

4, The composition of Claim 1, wherein the urethane-forming catalyst
comprises N M-dimethyicveichesvliaming (DMCHA) and

pentamethvidisthvienetmammes (PMDETAL

5. The composition of Claim 1, wherein the blowing agent blend comprises
from 80 to 90 weight percent (i) and from 10 to 20 weight percent (ii), based on
the total weight of the blowing agent blend.
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6. The composition of Claim 1, wherein the blowing agent blend comprises
(1) from 86 to 88 weight percent 1,1,1,3,3-pentafluorobutane (HFC 365mfc) and
(i1) from 12 to 14 weight percent 1,1,1,2,3,3,3-heptafluoropropane (HFC 227ea),
based on the total weight of the blowing agent blend.

7. The composition of Claim 6, wherein component (B) comprises 16 weight

percent or less of the blowing agent blend based on the total weight of component

(B).

8. The composition of Claim 1, wherein the organic polyisocyanate

comprises a polymeric diphenylmethane diisocyanate.

9. The composition of Claim 1, wherein the polyol has a hydroxyl number

within the range of 200 to 550 mg KOH/g.

10. A rigid polyurethane foam formed from the composition of Claim 1,
wherein the foam has an average tensile adhesion strength to Versitek VR2 plastic

liner according to ASTM D1623 of greater than 250 Kpa.

11. A rigid polyurethane foam formed from the composition of Claim 1,
wherein the foam has a peak peel strength to Versitek VR2 plastic liner according

to ASTM D429: 90° peel strength test of greater than 2 1b/in.

12. A process for preparing a rigid polyurethane foam, the process comprising:

() pushing a foam-forming reaction mixture into a closed cavity having
one or more facer substrates, wherein the foam-forming reaction mixture

comprises:
(A) an organic polyisocyanate, and

(B) an isocyanate reactive component comprising:
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(a) a polyol comprising at least one polyether polyol having a
hydroxy functionality of 3.0 or greater and a molecular weight of

less than 2000,

(b) a Dblowing agent blend comprising (i) a Cq
polyfluorohydrocarbon, and (ii) a Cs polyfluorohydrocarbon,

(¢) a urethane-forming catalyst,
(d) a polyether-modified polysiloxane, and
(e) water; and

(IT) allowing the foam-forming reaction mixture to cure to form a rigid

polyurethane foam.

13. The process of Claim 12, wherein the rigid polyurethane foam has an
average tensile adhesion strength to the one or more facer substrates according to

ASTM D1623 of greater than 250 Kpa.

14. The process of Claim 12, wherein the rigid polyurethane foam has a peak
peel strength to the facer substrate according to ASTM D429: 90° peel strength
test of greater than 2 1b/in.

15. The process of Claim 12, wherein the blowing agent blend comprises from
86 to 88 weight percent 1,1,1,3,3-pentafluorobutane and from 12 to 14 weight
percent 1,1,1,2,3,3,3-heptafluoropropane, based on the total weight of the blowing
agent blend.

16. The process of Claim 12, wherein the blowing agent blend has no
flashpoint, as determined by ASTM D93 Pensky-Martens Closed Cup Method, at

up to 16 weight percent based on the total weight percent of component (B).

17. A rigid polyurethane foam composite formed by the process of Claim 12,

wherein the rigid polyurethane foam has an average tensile adhesion strength to
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the one or more facer substrates according to ASTM D1623 of greater than 250
Kpa.

18. A rigid polyurethane foam prepared by reacting:
(a) an organic polyisocyanate;

(b) a polyol comprising at least one polyether polyol having a hydroxy
functionality of 3.0 or greater and a molecular weight of less than 2000;

(c) a blowing agent blend comprising (i) a pentafluorobutane and (ii) a

heptafluoropropane;

(d) a urethane-forming catalyst;

(e) a polyether-modified polysiloxane; and
() water,

wherein the rigid polyurethane foam has an average tensile adhesion strength to a

facer substrate according to ASTM D1623 of greater than 250 Kpa.

19. A composite article comprising the rigid polyurethane foam of Claim 18.

20. A refrigeration apparatus comprising the rigid polyurethane foam of Claim 10.
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