woO 2009/085857 A2 | 1IN0 00 OO0 O OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

International Bureau ) I 0 SO O

(10) International Publication Number

WO 2009/085857 A2

(51) International Patent Classification: (US). CREAZZO, Joseph, Anthony [US/US]; 5 Quail
CO8G 18/48 (2006.01) C08J 9/14 (2006.01) Court, Wilmington, Delaware 19810 (US).
C08G 18/76 (2006.01) CO8L 75/04 (2006.01)

(43) International Publication Date
9 July 2009 (09.07.2009)

(74) Agent: MALONEY, Daniel, Mark; E. I. du Pont de

(21) International Application Number: Nemours and Company, Legal Patent Records Center,
PCT/US2008/087227 4417 Lancaster Pike, Wilmington, Delaware 19805 (US).
(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every
17 December 2008 (17.12.2008) kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
(25) Filing Language: English CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
(26) Publication Language: English IL,IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
(30) Priority Data: MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
61/015,061 19 December 2007 (19.12.2007) US RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
61/015,027 19 December 2007 (19.12.2007) US T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
61/015,086 19 December 2007 (19.12.2007) US 7ZW.
61/015,089 19 December 2007 (19.12.2007) US
61/015,092 19 December 2007 (19.12.2007) US (84) Designated States (unless otherwise indicated, for every
61/015,214 20 December 2007 (20.12.2007) US kind of regional protection available): ARIPO (BW, GH,
61/015,218 20 December 2007 (20.12.2007) US GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
61/015,221 20 December 2007 (20.12.2007) US ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
(71) Applicant (for all designated States except US): E. L. DU FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
PONT DE NEMOURS AND COMPANY [US/US]; 1007 NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
Market Street, Wilmington, Delaware 19898 (US). CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
(72) Inventors; and Published:
(75) Inventors/Applicants (for US only): LOH, Gary — without international search report and to be republished
[US/US]; 5 Robert Rhett Way, Newark, Delaware 19702 upon receipt of that report

(54) Title: FOAM-FORMING COMPOSITIONS CONTAINING AZEOTROPIC OR AZEOTROPE-LIKE MIXTURES CON-
TAINING Z-1,1,1,4,4,4-HEXAFLUORO-2-BUTENE AND THEIR USES IN THE PREPARATION OF POLYISOCYANATE-
BASED FOAMS

(57) Abstract: Foam-forming compositions containing azeotropic or azeotrope-like mixtures containing cis-1,1,1,4,4,4-hexaflu-
oro-2-butene are disclosed. The foam-forming composition contains (a) an azeotropic or azeotrope-like mixture of cis-1,1,1,4,4,4-
hexafluoro-2-butene with methyl formate, 1,1,1,3,3-pentafluorobutane, trans-1,2-dichloroethylene, pentane, isopentane, cyclopen-
tane, HFC-245fa, or dimethoxymethane; and (b) an active hydrogen-containing compound having two or more active hydrogens.
Also disclosed is a closed-cell polyurethane or polyisocyanurate polymer foam prepared from reaction of an effective amount of the
foam-forming composition with a suitable polyisocyanate. Also disclosed is a process for producing a closed-cell polyurethane or
polyisocyanurate polymer foam by reacting an effective amount of the foam-forming composition with a suitable polyisocyanate.



WO 2009/085857 PCT/US2008/087227

TITLE
FOAM-FORMING COMPOSITIONS CONTAINING AZEOTROPIC OR
AZEQTROPE-LIKE MIXTURES CONTAINING
£-1,1,1,4 4 4-HEXAFLUORQO-2-BUTENE AND THEIR USES IN THE
PREPARATION OF
POLYISOCYANATE-BASED FOAMS

This application claims priority of U.S. Patent Applications 61/0150861,
61/015027, 61/015086, 61/015089 and 61/015092 filed December 18, 2007,
LLS. Patent Applications 61/015214, 81/015218 and 61/015221 filed
December 20, 2007.

FIELD OF THE INVENTION
The disclosure hersin relates {o foam-forming compositions comprising
{a) an azeotropic or azeotrope-ike mixture comprising ¢is-1,1,1,4.4.4-
hexafluorn-2-butene and (b) an active hydrogen-containing compounds, and
using such compositions for producing polvurethane and polyisocyanurate

foams.

BACKGROUND OF THE INVENTION

Closed-cell polyisocyanate-based foams are widely used for insulation
purposes, for example, in building construction and in the manufacture of
energy efficient slectrical appliances. In the construction industry,
polyursthane/polyisocyanurate board stock is used in roofing and siding forits
insulation and load-carrying capabilities. Poured and sprayed polvurethane
foams are widely used for a variety of applications including insulating roofs,
insulating large structures such as storage tanks, insulating appliances such
as refrigerators and freezers, insulating rafrigeratad trucks and raicars, stc.

All of these various types of polyurethane/polyisocyanurate foams
require blowing agents for therr manufacture. insulating foams depend on the

use of halocarbon blowing agents, not only {o foam the polymer, but primarily

e
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for thair low vapor thermal conductivily, a very important characteristic for
insulation value. Historically, polyurethane foams used CFCs
(chiorofluorocarbons, for example CFC-11, trichlorofiuoromethane) and
HCFCs (hydrochloroflucrocarbons, for axample HCFC-141b, 1,1-dichioro-1-~
fluoroethane) as the pamary blowing agent. However, due to the implication
of chlorine-containing molecules such as the CFCs and HCFCs in the
destruction of stratospheric gzone, the production and use of CFCs and
HCFCs has been rastricted by the Montreal Protocol, More recantly,
hvdrofluorocarbons (HFCs), which do not contribute fo the destruction of
stratosphernic ozons, have been employad as blowing agents for polyuwrethane
foams. An example of an HFC employed in this application is HFC-2451fa
{1,1,1,3,3-pentafluoropropane). The HFCs do not contribute to the destruction
of stratospheric ozone, but are of concern due to their contribution to the
“greenhouse effect”, Le., they contribute to global warming. As a result of
their contribution to global warming, the HFCs have come under scrutiny, and
their widespread use may alsc be limited in the future.

Hydrocarbons have also beean proposed as foam blowing agents.
However, these compounds are flammabile, and many are photochemically
reactive, and as a result contribute to the production of ground level ozone
{i.e smog). Such compounds are typically referred to as volatile organic
compounds (VOUs), and are subjsct to environmental regulations,

There is need for producing foams that provide low flammability, good
tharmal insulation and high dimeansional stability by using a blowing agent that
has substantially no ozone depletion potential {ODP) and no or very low
global warming potential (GWP). Cis-1,1,1,4,4 4-hexafluoro-2-butene {Z-FC-
1336mez, or Z-CF:CH=CHCF3) is one of the good candidates.

Japanese Patent No. 85178043 discloses and attempts fo use cis-

1,1,1.4.4 4-haxafluore-2-butene as the blowing agent for polyurethane foams.
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SUMMARY OF THE INVENTION
This application includes eight differant types of foam-forming
compaositions, each of which comprisas an azeotropic or azeotrope-like
mixture of cis~1,1,1 .4 .4 4-hexafluoro-2-butene.

ir

This disclosure provides a foam-forming compaosition comprising: {a)
an azeotropic or azeotrope-like mixiure of cis-1,1,1.4.4 4-hexafluoro-2-butene
and methy! formate; and (b} an active hydrogen-containing compound having
two or more active hydrogens.

This disclosure provides a foam-forming compasition comprising: (2)
10 an azeotrope-like mixture of ¢is-1,1,1,4 4 4-hexafluoro-2-butene ana

1,1,1,3,3-pentafluorobutane; and (b} an active hydrogen-containing

compaound having two or more active hydrogens.

This disclosure provides a foam-forming composition comprising: {a)
an azeotropic or azsotrope-like mixiure of cis-1,1,1,4,4 4-hexafluoro-2-butens

1% and trans-1,2-dichioroethyiene; and {b) an active hydrogen-containing
compound having two or more active hydrogens.

This disclosure provides g foam-forming composition comprising. {a)
an azeotropic or azeotrope-like mixture of cis-1,1,1,4,4 4-hexaflupro-2-butene
and pentaneg; and (b) an active hydrogen-containing compound having two or

28 more active hydrogens.

This disclosura provides a foam-forming composition comprising: (8)
an azeotropic or azeotrope-iike mixture of cis-1,1,1,4 4 4-hexafiuoro-2-butens
and sopentane; and (b) an active hydrogen-containing compound having two
or more active hydrogens.

25 This disclosure provides a foam-forming composifion comprsing: {a)
an azeotropic or azectrope-like mixture of ¢is-1,1,1,4 4 4-hexafiuoro-2-butens
and cyclopentane; and {b} an active hydrogen-containing compound having
two or more active hydrogens.

This disclosure provides a foam-forming composition comprising: {8)

30 an azectrope-like mbxture of ¢is-1,1,1.4 4, 4-hexafluoro-2-hutens and HFC-
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245%a; and (b} an active hydrogen-containing compound having two or more
active hydrogens.

This disclosure provides g foam-forming composition comprising: {a)
an azeotrope-ike mixture of cis~-1,1,1,4 4 4-hexafluoro-2-butene and

ir

dimethoxymethans; and {b) an active hydrogen-containing compound having
two or more active hydrogens.

This disclosure also provides a closed-cell polyurethane or
polyisocyanurate polymer foam prepared from the reaction of an effective
amaount of the foam-forming composition and a suitable polyisocyanate.

10 This disclosure also provides a method for producing a closed-cell
polyurethana or polyisocyanurate polymer foam. The method comprises
reacting an sffective amount of the foam-forming composition and a suitable
polyisocyanate.

15 DETAILED DESCRIPTION
A blowing agent compaosition {also known as foam expansion agents
or foam expansion compositions) often desires a pure single component or
an azeofropic or azeotrope-like mixture. For example, when a blowing agent
composition is not a pure single component or an azeolropic or azeorope-like
20 mixture, the composition may change during its application in the foam
forming process. Such changs in composition could detrimentally affect
processing or cause poor performance in the application. Accordingly, there
15 nead for producing polyurathane/polyisocyanurate foams by using
azeolropic or azeotrope-like mixtures containing Z-FC-13306mzz as the
2% blowing agent.
Before addressing details of embodiments described below, some
terms are defined or clarfied.
By "cream time”, it is maant to refer o the time peariod starting from the
mixing of the active hydrogen-containing compound with polyigsocyanate, and
30 ending at when the foaming starts to occur and color of the mixture starts fo
change.
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By "rigse time”, it is meant to refer {o the time period starting from the
mixing of the active hydrogen-containing compound with polyisocyanate, and
anding at when the foam rising stops.

By “tack free time”, it is meant o refer to the time period starting from

ir

the mixing of the active hydrogen-containing compound with polyisocyanate,

and ending at when the suwrface of the foam is no longer facky.

By “initial R-valug”, it is meant to refer {0 the polymer foam's insulation
value (thermal resistance) measured gt a mean temperature of 75 *F within
24 hours after the foam is formed and becomes tack free.

10 Z-FC-1338mzz is a known compound, and its preparation mathod has
bean disclosed, for example, in U.S. Patent Publication No.
LUS2008/0269532, heraby incorporated by reference in its entirety.

This application includes foam-forming compositions comprising (a) an
azeotropic or azeotrope-like mixture comprising Z-FC~1336mzz; and (b} an

15 active hydrogen-containing compound.

it some embodiments of this invention, the foam-forming compuosition
comprises. () an azeotrapic or azeotrope-like mixture of Z-FC-1336mzz and
methyl formate; and (b) an active hydrogen-containing compound having two

or more active hydrogens, in the form of hydroxyl groups. in this disclosure,

20 the azeotropic or azeolrope-like mixture of Z-FC-1336mzz and methyl
formate is used as a blowing agent. Blowing agents Z-FC-1336mzz and
methyl formate form an azeotrope-like mixture. Typically these are combined
prior to mixing with the other components in the foam-forming compositions.
Alternatively, one can be mixad with some or all of the other components

2%  before the other is mixed in. For example, Z-FC-1336mzz can be first mixed
with the other components in the foam-forming compositions before methyt
formate is added in. In one embodiment, the azeotrope like mixture contains
between 1-89% by weight of Z-FC-1336mzz, and 99-1% by weight of methyl
formate. In one embodiment, the azeotrope like mixture containg between

30 50-92% by weight of Z-FC-1338mzz and 50-8% by weight of methyl formate.
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in one embodiement, the azeotrope like mixture contains 80% by weight of Z-
FC-1336mzz and 10% by weight of methyl formate.

The azeoltropic or azeotrope-like mixtures of Z-FC-1336mzz and
methyl formate has been described in U.S. Patent Application No. 80/926617
[FL1368 US PRV] filed April/27/2007, hereby incorporated by referance in its

entirety.

ir

in some embodiments of this invention, the foam-forming composition
comprisas: (a) an azeotrope-iike mixture of Z-FC~1336mzz and 1,1,1.3,3-
pentafluorcbutane; and {b) an active hydrogen-containing compound having

10 two or more active hydrogens, in the form of hydroxyl groups. Inthis
disclosure, the azeotrope-ike mixiure of Z-FC-1336mzz and 1,1,1,3,3-
pentafluorobutans (HFC-365mic, or CF;CHCF,CHa) is used as a blowing
agent. Blowing agents Z-FC-1336mzz and HFC-365mfc form an azeotrope-
like mixture. Typically these are combined prior fo mixing with the other

15 components in the foam-forming compositions. Alternatively, one can be
mixed with some or all of the other components before the other is mixed in.
For example, Z2-FC-1338mzz can be first mixed with the other componeants in
the foam-forming compositions before HFC-365mfc is added in. In ane
embodiment, the azeotrope like mixiure containg betwaen 1-89% by weight of

20 Z-FC-1338mzz, and 98-1% by weight of HFC-365mfc. In one embodiment,
the azeotrope like mixture contains between 45-95% by weight of Z-FC-
1338mzz and 55-5% by weight of HFC-365mfc.  In one embodiement, the
azeotrope like mixture contains 80% by weight of Z-FC-1336mzz and 20% by
waight of HFC-385mfc.

25 The azeotrope-like mixtures of Z-FC-1338mzz and HFC-385mic has
been described in U.S. Patent Application No. 60/930383 [FL1401 US PRV]
filed May/16/2007, hereby incorporated by reference in its entirety,

in some embodimeants of this invention, the foam-forming composition
comprises: (8} an azeotropic or azeotrope-like mixture of Z-FC~1336mzz and

30 wans-1,2-dichlorosthyvlene; and (b) an active hydrogen-containing compound
having two or more active hydrogens, in the form of hydroxyl groups. in this
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disclosure, the azeotropic or azeotrope-like mixture of Z-FC~1336mzz and
trans-1,2-dichioroethylens {trans-1,2-DCE, or trans- CICH=CHCl) isused as a
blowing agent. Blowing agents Z-FC-1338mzz and frans-1,2-
dichloroethyiene form an azeotrope-like mixture. Typically these are
combined prior to mixing with the other components in the foam-forming
compositions. Altematively, one can be mixed with some or all of the other
companents before the other is mixed in. For example, Z-FC-1336mzz can be
first mixed with the other components in the foam-forming compositions
before trans-1,2-dichioroethylene is added in. In one embodiment, the
azeotrope like mixiure contains betwsen 66-99% by weight of Z-FC-1336mzz,
and 34-1% by weight of trans-1,2-dichloroathylene. In one embodiment, the
azeotrope like mixture contains between 68-95% by weight of Z-FC-1336mzz
and 32-5% by weight of trans-1,2-dichloroethylene. In one embodiement, the
azeotropic mixture contains 74.7% by weight of Z-FC-1336mzz and 25.3% by
weight of trans-1 2-dichlorosthylene. in one embodiement, the azeotrope like
mixture contains 68% by weight of Z-FC-1336mzz and 32% by weight of
trans-1,2-dichiorogthylene

The azeotropic or azeotrope-like mixtures of Z-FC-1338mzz and trans-
1.2-dichlioroethylense has been described in U.S. Patent Application No.
80/931880 [FL1404 US PRV filed May/24/2007, hereby incorporated by
referance in its entiraty.

it some embodiments of this invention, the foam-forming compuosition
comprises: () an azeotropic or azeotrops-iike mixture of Z-FC-1336mzz and
pentang; and (b} an active hydrogen-containing compound having two or
more active hydrogens, in the form of hydroxyl groups. In this disclosure, the
azeolropic or azeotrope-ike mixure of Z-FC-1336mzz and pentane is used
as a blowing agent. Blowing agents Z-FC-1338mzz and pentans form an
azeotrope-like mixture. Typically thase are combined prior {0 mixing with the
other components in the foam-forming compaositions. Alternatively, one can
be mixed with some or all of the other componants bafors the other is mixed
in. For example, Z-FC~13368mzz can be first mixed with the other components
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in the foam-forming compaositions before pentane is added in. none
ambodiment, the azeolrope ke mixture contains batwesan 62-78% by weight
of Z-FC-1336mzz, and 38-22% by weight of pentanea. In one embodiment,
the azeotrope like mixture containg between 64-78% by weight of Z-FC-
1336mzz and 36-24% by weight of pentane. in one embodiement, the
azeotropic mixture containg 70.2% by weight of Z-FC-1336mzz and 29.8% by
weight of pentane.

The azeotropic or azeotrope-like mixtures of Z-FC-1336mzz and
pentana has been described in U.S. Patent Application No. 80/830487
[FL.1394 US PRV] filed May/16/2007, hereby incorporated by reference in ifs
antirety.

in some embodiments of this invention, the foam-forming composition
comprises: (a) an azeotropic or azeotrope-like mixture of Z-FC-1336mzz and
sopentans; and (b) an active hydrogen-containing compound having two or
more active hydrogens, in the form of hydroxyt groups. in this disclosure, the
azeotropic or azectrope-ike mixture of Z-FC-1336mzz and isopentana is
used as a blowing agent. Blowing agents Z-FC-1336mzz and isopentane
form an azeoltrope-like mixture. Typically thase are combined prior to mixing
with the other components in the foam-forming compositions. Alternatively,
one can be mixed with some or all of the other components before the other
is mixed in. For example, Z2-FC-1336mzz can be first mixed with the other
components in the foam-forming compositions before isopentane is added in.
in one smbodiment, the azeotrope like mixture contains between 51-70% by
waight of Z-FC-1338mzz, and 49-30% by weight of isopentane. Inone
ambodiment, the azeolrope ike mixture contains batwesan 54-67% by weight
of Z-FC-1336mzz and 46-33% by weight of isopentane. Inone
embodiament, the azeotropic mixture contains 61.4% by weight of Z-FC-
1336mzz and 38.6% by weight of isopentane.

The azeotropic or gzeotrope-like mixtures of Z-FC-1336mzz and
isopentane has been described in U.S. Patent Application No. 80/930445
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[FL1395 US PRV filed May/16/2007, hereby incorporated by reference in ifs
antirety.

in some embodiments of this invention, the foam-forming composition
comprises: (a) an azeotropic or azeotrope-like midure of Z-FC-1336mzz and
cyclopentana; and {b) an active hydrogen-containing compound having two or
more active hydrogens, in the form of hydroxyl groups. In this disclosure, the
azeotropic or azeotrope-like mixture of Z-FC-1336mzz and cyclopentana is
used as a blowing agent. Blowing agents Z-FC-1336mzz and cyclopentane
form an azeotrope-iike mixture. Typically these are combined prior to mixing
with the other components in the foam-forming compositions. Alternatively,
ane can be mixed with some or all of the other components before the other
is mixed in. For example, Z-FC-1336mzz can be first mixed with the other
components in the foam-forming compositions before cyclopentane is added
in. in one embodiment, the azeotrope like mixture contains batweean 75-88%
by weight of Z-FC-13368mzz, and 25-12% by weight of cyclopentane. Inone
ambaodiment, the azeotrope like mixture contains betwean 77-87% by weight
of Z-FC-1338mzz and 23-13% by weight of cyclopentane. Inone
embodiement, the azeotrope like mixture contains 85% by weight of Z-FC-
1336mzz and 15% by weight of cyclopeantane.

The azeotropic or azeotrope-like mixtures of Z-FC-1336mzz and
cyclopantane has been descnbed in U.S. Patent Application Na. 806/999871
[FL1445 US PRV] filed October/22/2007, hereby incorporated by reference in
its entiraty.

in some embodiments of this invention, the foam-forming composition
comprises: {a) an azeotrope-like mixiure of Z-FC-1336mzz and HFC-245fa;
and (b} an active hydrogen-containing compound having two or more active
hvdrogens, in the form of hydroxyl groups. in this disclosure, the azeotrope-
like mixture of Z-FC-1336mzz and HFC-245fa is used as a blowing agent.
Blowing agents Z-FC~1338mzz and HFC-245fa form an azeotrope-dike
mixkiure. Typically these are combined prior o mixing with the other
components in the foam-forming compositions. Altermatively, one can be
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mixed with some or all of the other components hefore the otheris mixed in.
For example, Z-FC-1336mzz can be first mixed with the other components in
the foam-forming compasitions before HFC-245fa is added in. In one
embodiment, the azeotrope-like mixture containsg between 1-24% by weight of
Z-FC-1336mzz, and 99-76% by weight of HFC-245fa. In one embodiment,
the azeotrope like mixture contains between 3-22% by weight of Z-FC-
1336mzz and 97-78% by weight of HFC-245fa. in one embodiement, the
azeoirope like mixture containg 20% by weight of Z-FC-13386mzz and 80% by
waight of HFC-245fa.

The azeotrope-iike mixtures of Z-FC-1336mzz and HF(C-245f3 has
been described in U.8. Patent Application No. 80/931875 [FL1405 US PRV]
filed May/24/2007, hereby incorporated by reference in its entirety.

in some embodiments of this invention, the foam-forming composition
comprises: () an azeotrope-like mixture of Z-FC-1336mzz and
dimethoxymethane; and (b) an active hydrogen-containing compound having
twao or more active hydregens, in the form of hydroxyl groups. In this
disclosurg, the azeotrope-like mixture of Z-FC-1336mzz and
dimethoxymethane is used as a blowing agent. Blowing agents Z-FC-
1336mzz and dimethoxymethane form an azeotrope-like mixture, Typically
these are combined prior to mixing with the other components in the foam-
forming compositions. Alternatively, one can be mixed with some or all of the
other components before the other is mixed in. For example, Z-FC-1336mzz
can be first mixed with the other components in the foam-farming
compositions before dimethoxymethane is added in. In one embodiment, the
azeotrope like mixture contains between 1-99% by weight of Z-FC-1336mzz,
and 99-1% by weight of dimethoxymethane. In one embodiment, the
azeotrope like mixture contains between 87-87% by waight of Z-FC-1338mzz
and 33-3% by weight of dimethoxymethane. In one smbodiemant, the
azeotrope like mixture containg 85% by weight of Z-FC-1336mzz and 15% by
weight of dimathoxymethane.
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The azeotrope-iike mixtures of Z-FC-13386mzz and dimethoxymethane
has been described in U 8. Patent Application No. 80/087874 [FL1427 US
PRV filed September/7/2007, hereby incorporated by reference in its entirety.

As recognized in the art, an azeotropic or an azeotrope-like mixtwre is
an admixture of two or more different components which, when in liguid form
under a given pressure, will boil at a substantially constant femperature,
which temperature may be higher or lower than the boiling temperatures of
the individual components, and which will provide a vapor composition
essentially identical to the liquid composition undergoing boiling.

For the purpose of this discussion, an azeotrope-ike mixture means a
compaosition that behaves like an azeotrope {i.e., has constant boiling
characteristics or a tendency not o fractionate upon bailing or evaporation).
Thus, the composition of the vapor formed during boiling or evaporation is the
same as or substantially the same as the original liquid composition. Hence,
during boiling or evaporation, the liquid composition, if it changes at all,
changes only {o a minimal or negligible extent. This is {o be contrasted with
non-azeotrope-tike compositions in which during bolling or evaporation, the
liguid composition changes o a substantial degree.

Additionally, azeotrope-like compositions exhibit dew point pressure
and bubble point pressure with virtually no pressure differential. Thatisto
say that the differance in the dew point pressure and bubble point pressure at
g given temperature will be a small value. In this invention, compositions with
a differance in dew point pressure and bubbile point pressure of less than or
equal o 3 percent {(based upon the bubble point presswre} is considered to be
azeotrope-like,

Accordingly, the essential features of an azeolropic or an azsotrope-
like composition are that at a given pressure, the boiling point of the liquid
composition is fixed and that the composition of the vapor above the balling
composition is essentially that of the boiling liguid composition {i.e., no
fractionation of the components of the liquid composition takes place). His
also recognized in the art that both the boiling point and the weight
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percentages of each component of the azeotropic composition may change
when the azeotropic or azeotrope-tika liquid composition 1s subjected to
boiling at different pressures. Thus, an azeolropic or an azeoctrope-iike
composition may be defined in terms of the unique relationship that exists
amang the components or in terms of the compositional ranges of the
components or in terms of exact weight percentages of each component of
the composition characterized by a fixed boiling point at a specified pressura.
it is also recognized in the art that various azeotropic compositions (including
their boiling points at particular pressures) may be calculated (see, a.g., W.
Schotte Ind. Eng. Chem. Process Des. Dev. (1980) 18, 432-439).
Experimantal identification of azeotropic compositions involving the same
companents may be used to confirm the accuracy of such calculations and/or
to modify the calcuiations at the same or other femperatures and pressures.
The active hydrogen-containing compounds of this invention can
comprise compounds having two or more groups that contain an active
hydrogen atom reachive with an isocyanate group, such as described in U.S.
Patent No. 4,384 491; hereby incorporated by reference. Examples of such
compounds have at least two hydroxyl groups per molecule, and more
specifically comprise polyols, such as polyether or palyester polyols.
Examples of such polyols are those which have an equivalent weight of about
50 to about 700, normally of about 70 to about 300, more typically of about 80
to about 270, and carry at least 2 hydroxyl groups, usually 3 to 8 such groups.
Examples of suitable polyols compriss polyester polyols such as
aromatic polyester polyols, e.¢., those made by transesterifying polyethylene
terephthalate {PET) scrap with a glycol such as diethylene glyeol, or made by
reacting phthalic anhydade with a glyeol. The resulling polyester polyols may
be reacted further with ethylene - and/or propylene oxide - to form an
extended polyester polyol containing additional internal atkyleneaxy groups.
Examples of suitable polyols also comprise polyether polyols such as
polysthylens oxides, polypropylene axides, mixed polyethylene-propylene
oxides with terminal hydroxyl groups, among others. Other suitable polyols

R
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can be prepared by reacting ethviene and/or propylene oxide with an initiator
having 2 1o 16, generally 3 to 8 hydroxyl groups as present, for example, in
glyceroi, pentaerythritol and carbohydrates such as sorbiol, glucose, sucrose
and the like polyhydroxy compounds. Suitable polyether polyols can also

ir

include alaphatic or aromatic amine-basead polyals.
The present invention also relates o processes for producing a closed-
cell polyurethane or polyisocyanurate polymer foam by reacting an effective
amount of the foam-forming compositions with a suitable polyisogcyanate.
Typically, before reacting with a suitable polyisocyanate, the active
10 hydrogen-containing compound described hereinabove and optionally other
additives are mixad with the blowing agent to form a foam-forming
compasition. Such foam-forming composition is fypically known in the art as
an ispcyanate-reactive preblend, or B-side composition. The foam-forming
composition of this invention can be prepared in any manner convenient {o

1% one skilled in this arl, including simply weighing desired guantities of each
component and, thereafter, combining them in an appropriate container at
appropriate temperatures and pressures,

Whaean preparing polyisocyanate-based foams, the polyisocyanate

reactant is normally selectad in such proportion relative to that of the active

20 hydrogen-containing compound that the ratio of the equivalents of isocyanate
groups 1o the equivalents of active hydrogsn groups, 1.e., the foam index, is
from about 0.9 to about 10 and in most cases from about 110 about 4.

While any suitable polyisocyanate can be employed in the instant

process, examples of suitable polyisocyanates useful for making

2%  polyisgcyanate-based foam comprisae at least one of aromatic, aliphatic and
cycloaliphatic polyisccyanates, among others. Representative members of
these compounds comprise diisocyanates such as meta- or paraphenyiene
diisocyanate, toluane-2 4-diisocyanate, toluene-2 6-diisocyanate,
hexamethylene-1,8-diisocyanate, tetramsthylene-1 4-diisocyanate,

30 cyclohexane-1 4-diisocyanate, hexahydrotoluene disocyanate (and isomears),

napthylene-1,5-diisocyanate, T-methyiphenyl-2 4-phenyldiisocyanate,

i
fak
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diphenvimethane-4 4-diisocyanate, diphenylmsthane-2 4-diissocyanate, 4.4 -
biphenylenediisocyanate and 3,3-dimethyoxy-4 4 biphenylenediisocyanate
and 3,3-dimethyidiphenylpropane-4 d-diisocyanate; {nisocyanates such as
toluene-2 4, 6-triisocyanate and polyisocyanates such as 4.4 -
dimethyldiphenyimethane-2,2 5 S-tetraisocyanate and the diverse
polymethylenepoly-phenyiopolyisocyanates, mixtures thereof, among others.

A crude polyisocyanate may also be used in the practice of this
invention, such as the crude foluene diisocyanate obtained by the
phosgenating a mixture comprising toluene diamines, or the crude
diphenvimethane disocyanate oblained by the phosgenating crude
diphenylmethanediaming. Specific examples of such compounds comprise
mathylene-bridged polyphenyipolyisocyanates, due o their ability to crosslink
the polyurethane.

it 1s often desirable fo employ minor amounts of additives in prepanng
polyisccyanate-based foams. Among these additives comprise one or more
members from the group consisting of catalysts, surfactants, flame
retardants, presarvatives, colorants, antioxidants, reinforcing agents, filler,
antistatic agents, among others well known in this art.

Depending upon the composition, a surfactant can be employed to
stabilize the foaming reaction mixture while curing. Such surfactants normally
comprise a liquid or solid organosilicone compound. The surfactanis are
employed in amounts sufficient to stabilize the foaming reaction mixture
against collapse and o pravent the formation of large, uneven cells. In one
embodiment of this invention, about 0.1% 1o about 5% by weight of surfactant
based on tha total weight of all foaming ingraedients (L.e. blowing agents +
active hydrogen-containing compourids + polyisocyanates + additives) are
used. In ancther embodiment of this invention, about 1.5% to about 3% by
waight of swrfactant based on the total weight of all foaming ingredients are
used.

One or mwre catalysts for the reaction of the active hydrogen-
containing compounds, e.g. polyols, with the polyisocyanate may be also
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employed. While any suitable wethane catalyst may be employed, specific
catalyst comprise tertiary amine compounds and organometaliic compounds.
Exemplary such catalysts are disciosed, for example, in U5, Patent No.
5,164 419, which disclosure is incorporated herein by reference. For
exampie, a catalyst for the trimerization of polyisocyanates, such as an alkali
metal alkoxide, alkali metal carboxylate, or quaternary amine compound, may
also optionally be employed herein. Such catalysts are used in an amount
which measurably increases the rate of reaction of the polyisccyanate.
Typical amounts of catalysts are about 8.1% to about 5% by weight based on
the total weight of all foaming ingredients.

in the process of the invention for making a polyisocyanate-based
foam, the active hydrogen-containing compound {e.g. polyol), polyisocyanate
and other components are contacted, thoroughly mixed, and permitted to
expand and cure into a cellular polymer. The mixing apparatus s not critical,
and various conventional types of mixing head and spray apparatus are used.
By conventional apparatus is meant apparatus, equipment, and procedures
conventionally employed in the preparation of isocyanate-based foams in
which conventional isocyanate-based foam blowing agents, such as
fluorotrichioromethane (CCLF, CFC-11), are emploved. Such conventional
apparatus are discussed by H. Boden et al. in chapter 4 of the Polyurethane
Handbook, edited by . Dertel, Hanser Publishers, New York, 1985; a paper
by H. Grunbauer et al. titted "Fine Celled CFC-Free Rigid Foam - New
Machinary with Low Boiling Blowing Agents” published in Polyurethanes 92
from the Proceedings of the SPI 34th Annual Technical/Marketing
Conferance, Qetober 21-Qctober 24, 19982, New Orleans, Louisiana; and a
paper by M. Tavera et al. titled "Soluble or Insoluble Alternative Blowing
Agents? Processing Technologies for Both Alternatives, Presented by the
Equipment Manufacturer”, published in Polyurethanas World Congress 1991
from the Proceedings of the SPUISOPA September 24-26, 1881, Acropolis,
Nice, France. These disclosures are hereby incorporated by reference.
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in one embodiment of this invention, a prebiend of cedain raw
materials is prepared prior to reacting the polyisocyanate and active
hydrogen-contaming components. For example, i is often useful 1o blend the
polyol{s), blowing agent, surfactant{s), catalysts{s) and other foaming
ingradients, except for polyisocyanates, and then contact this blend with the
polyisooyanate. Alternatively, all the foaming ingredients may be introduced
indhvidually to the mixing zone where the polyisccyanate and polyol(s) are
contacted. R is also possible to pre-react all or & portion of the polyol{s) with
the polyisocyanats to form a prepolymer.

The invention composition and processes are applicable to the
production of all kinds of expanded polyurethane foams, including, for
example, integral skin, RIM and flexible foams, and in particular nigid closed-
cell polymer foams useful in spray insulation, as pour-in-place appliance
foams, or as rigid insulating board stock and faminates.

The present invention also relates to the closed-cell polyurethane or
polyisocyanurate polymer foams prepared from reaction of effective amounts
of the foam-forming compaosition of this disclosure and a suitable

polvisocyanate.

EXAMPLES

The present disclosure is further defined in the following Examples. i
should be understood that these Examples, while indicating preferred
embodiments, are given by way of illustration only. From the above
discussion and these Examples, one skilled in the ar can ascertain the
preferred features, and without departing from the spint and scope thereof,
cant make various changes and modifications to adapt it to vanous uses and
conditions.

Polyol is a {oluene diamine {(0-TDA) iniliated aromatic polysther polyol
{VORANOL 391} purchased from Dow Chemicals Inc. at Midland, MI, 49641~
1206. Polyol has viscosity of 4740 centerpoise at 25°C. The content of

i
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hydroxyl groups in the Polyol is equivalent to 381 mg KOH per gram of
Polyol.

Silicon type surfactant is a mixture of 70%
polyalkyleneoxidemethylisiloxane and 30% polyalkylene oxide {Niax Silicons
L-5440) purchased from Momentive Performance Maternals at 187 Danbury
Road, Wilton, CT 06887 USA.

Aming catalyst (Polycat 8) is N, N-dimsthylcyclohexylamine purchasead
from Air Products Inc. at 7201 Hamilton Blvd, Allentown PA 18185,

Co-catalyst (Curithane 52) is 2-methyl{n-methyl amino b-sodium
acetate nonyl phenol) purchased from Air Products inc. at 7201 Hamilton
Bhvd, Allentown PA 18185,

Palymethylene polyphenyl isocyanate (PAPL 27} is purchased from
Dow Chemicals, inc. at Midiand, Ml, 48641-1206.

intial R-valus is measured by a LaserComp FOX 304 Thermal
Conductivity Meter at a mean temperature of 75 °F. The unit of R-value is #-
hr-*F/BTU-n.

EXAMPLE 1
Polvurethane Foam Made from Z-FC-1338mzz and Methy formate

Azentrape-like Mpdure

Blowing agents Z-FC~1336mzz and methyl formate were premixad {o
form an azeotrope -like mixture containing 90% by weight of Z-FC-1336mez
and 10% by weight of meththyl formate.

Polyol, surfactant, calalysts, water and the blowing agent (10% by
weight of methyl formate and 90% by weight of Z-FC-1336mzz} weare pre-
mixed by hand and then mixed with polyisocyanate. The resulling mixture
was poured into a 8"x8"%2.5” paper hox to form the polyurethane foam. The

formulation and properties of the foam are shown in Tables 1 and 2 below.

wd
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Table 1 Polvurethane formulation
Component Parts by weight
Polyol 100
Silicon type surfactant 2.0
Amine catalyst ' 1.5
Co-catalyst 0.5
Water 1.0
Blowing agent {(90% by weight of Z-FC-1336mzz 25.1
and 10% by weight of methyt formate)
Polymethylene polyphenyl isocyanate 132
S Table 2. Polvurethane foam properties
Foam index 1.22
Cream time{second) 8
Rise tine {seconds) 80
Tack free time(seconds) 100
Foam density {pounds-par-cubic-feet) 2.3
Initial R-value (fE-hr-"F/BTU-in} 7.3
EXAMPLE 2
Polyurethane Foam Made from Z-FC-1338mizz and HFC-365mifc Azeotrope-
10 fike Mixture

Blowing agents Z-FC-1338mzz and HFC-365mic were premixed to
form an azeolrope-like mixture containing 80% by weight of Z-FC-1336mzz
and 20% by weight of HFG-385mic.

Polyal, surfactant, catalysts, water and the blowing agent (20% by

15 weight of HFC-365mfc and 80% by weight of Z-F(C-1336mzz) were pra-mixed
by hand and then mixed with polyisocyanate. The resulting mixture was

H
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poured info a 8"x87x2.5" paper box 1o form the polyurathane foam. The

formudation and properties of the foam are shown in Tables 3 and 4 below.

Tabile 3 Polyurethane formulation

Component Parts by weight
Folyol 100
Stficon type surfactant 20
Amine catalyst 1.5
Co-catalyst 0.5
Water 1.0
Blowing agent (80% by weight of Z-FC-1336mzz 28.8
and 20% by weight of HFC-385mfc)
Polymethylene polypheny! isocyanate 132
5
Table 4. Polyurethane foam properties
Foam Index 1.2
Cream tima{second) 8
Rise time {seconds) a0
Tack free time(seconds) 100
Foam density {(pounds-per-cubic-feeat) 2
Initial R-value (R-hr-F/BTU-in) 7.4
EXAMPLE 3
10 Polyurethane Foam Made from £-FC-1336mzz and Trans-1.2-

dichlorcethyiane Azeolropic Mixture
Blowing agents Z-FC-1336mzz and trans-1,2-dichioroethylene were
premixed 1o form an azeotropic mixture containing 74.7% by weight of Z-FC-
1336mzz and 25.3% by weight of trans-1 2-dichloroethylene.
15 Polyol, surfactant, catalysts, water and the blowing agent (25.3% by
weight of trans-~1,2-dichloroethylene and 74.7% by weight of Z-FC-1338mzz)
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ware pre-mixed by hand and then mixed with polyisocyanate. The resulling
mixture was poured into a 8"'x8°x2.5” paper box to form the polyurethane
foam. The formulation and properties of the foam are shown i Tables 5 and
& below.
Table 5§ Polyurethane formulation
Component Paris by weight
Polyol 10¢
Silicon type surfactant 2.0
Amine catalyst 1.5
Co-catalyst 0.5
Water 1.0
Blowing agent {74.7% by weight of Z-FC-1336mzz 25.4
and 25.3% by weight of trans-1,2-dichloroethyiene)
Polymethylene polyphenyl isocyanate 132
Yable 8. Polvurethane foam properties
Foam Index 1.2
Cream time(second} 11
Rise time {seconds) 90
Tack free time({seconds) 100
Foam density (pounds-pac-cubic-feet) 2.1
Initial R-value (RE-hr-"F/BTU-in} 71
10
EXAMPLE 4

Polvurethaneg Foam Made from Z-FC-1338mzz and Trans-1.2-

dichloroethylane Azeotrope-like Mixture
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Blowing agents £-FC-13368mzz and trans-1 . 2-dichiorosthylene were
premixad to form an azeotrope-like mixture containing 68% by weight of Z-
FC-1336mzz and 32% by weight of trans-1,2-dichiorosthylensa.
Polyol, surfactant, catalysts, water and the blowing agent {(32% by
5 waight of trans-1,2-dichlorosthylene and 68% by weight of Z-FC-1336mez)
were pre-mixed by hand and then mixed with polyisocyanate. The resulting
mixture was poured into a 8'x8"x2.5” paper box {o form the polyurethane
foam. The formulation and properties of the foam are shown i Tables 7 and
8 below.
Table 7 Polyursthane formulation
Component Paris by weight
Polyol 100
Silicon type surfactant 2.0
Amine catalyst 1.5
Co-catalyst 0.5
Water 1.0
Blowing agent (68% by weight of Z-FC-1336mazz 24.1
and 32% by weight of trans-1,2-dichlorosthylensa)
Polymethylene polyphenyl isocyanate 132
Table 8. Polvurethane foam properties
Foam Index 1.2
Cream time(second) 9
Rise time {seconds) 88
Tack free time{seconds) 93
Foam density {pounds-par-cubic-fest) 2.3
Initial R-value (RE-hr-"F/BTU-in} 7.2
i5
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EXAMPLES

Polyurethane Foam Made from Z-FC-1338mzz and Pentang Azeotropic

Mixture

Blowing agents Z-FC-1336mzz and pentane were premixed to forman

ir

azeotropic mixture containing 70.2% by waight of Z-FC-1336mzz and 20.8%
by weight of pentane.

Polyol, surfactant, catalysts, water and the blowing agent (29.8% by
weight of pentane and 70.2% by weight of Z-FC-1338mzz) were pre-mixed by
hand and then mixed with polyisocyanate. The resulting mixture was poured
10 into a ' xBRE.5" paper box to form the polyursthane foam. The formulation

and properties of the foam are shown in Tables 9 and 10 below.

Table 9 Polvurethane formulation

Component Parts by weight
Polyol 100
Siticon type surfactant 2.0
Amine catalyst 1.5
Co-catalyst 0.5
Water 1.0
Biowing agent (70.2% by weight of Z-FC-1336mzz | 214
and 29.8% by weight of pentane)
Polymethylene polyphenyt isccyanate ' 132

Ev)
&

Table 10. Polvurethane foam properties

Foam Index 1.2
Cream time(second} g
Rise time {seconds) a0
Tack free time{seconds) 100
Foam density {pounds-per-cubic-feat) 2.3
Initial R-vatue (fE-he->F/BTU-in) 6.9

f
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EXAMPLE 6

Polyurethane Foam Made from Z-FC-1336mzz and lsopentana Areotrapic

Mixture
Blowing agenis Z-FC-1336mzz and isopentane were premixed o form

ir

an azeotropic mixture contamning 61.4% by weight of Z-FC-1336mzz and
38.6% by weight of isopentanse.

Polyol, surfactant, catalysts, water and the blowing agent (38.6% by
weight of isopentane and 61.4% by weight of Z-FC-13386mzz) were pre~-mixed
by hand and then mixed with polyisocyanate. The resulting mbture was
10 poured into a 8"x8"%2.5" paper box to form the polyurethane foam. The

formulation and properties of the foam are shown in Tables 11 and 12 below.

Table 11 Polyurethane formulation

Component Parts by weight
Polyol 100
Siticon type surfactant 2.0
Amine catalyst 1.5
Co-catalyst 0.5
Water 1.0
Biowing agent (61.4% by weight of Z-FC-1336mzz | 18.7
and 38.6% by weight of isopentane)
Polymethylene polyphenyt isccyanate ' 132

Ev)
&

Table 12. Polvurethane foam properties

Foam Index 1.2
Cream time(second} 7
Rise time {seconds) 80
Tack free time{seconds) 90
Foam density {pounds-per-cubic-feat) 1.8
Initial R-vatue (fE-he->F/BTU-in) 8.5

f
s
£

i



WO 2009/085857 PCT/US2008/087227
F

EXAMPLE 7
Polvurethane Foam Made from Z-FC-13386mzz and Cyrlopentane Azeotrope-
like Mixtwre
Blowing agents Z-FC-1336mzz and cyclopentane were premixed to

ir

form an azeotrope -like mixture containing 85% by weight of Z-FC-1336mzz
and 15% by weight of cyclopentane.

Polyol, surfactant, catalysts, water and the blowing agent (15% by
weight of cyclopentane and 85% by weight of Z-FC-1336mzz) were pre-
mixed by hand and then mixed with polyisocyanate. The resulting mixture
10 was poured into a 8"x8"K2.5" paper hox 1o form the polyurethane foam. The

formulation and properties of the foam are shown in Tables 13 and 14 below.

Table 13 Polvurethane formulation

Component Parts by weight
Polyol 100
Siticon type surfactant 2.0
Amine catalyst 1.5
Co-catalyst 0.5
Water 1.0
Blowing agent (85% by weight of Z-FC-1336mzz | 245
and 15% by weight of cyclopentans)
Polymethylene polyphenyt isccyanate ' 132

Ev)
&

Table 14. Polvurethane foam properties

Foam Index 1.2

Cream time(second} 10

Rise time {seconds) 85

Tack free time{seconds) 95

Foam density {pounds-per-cubic-feat) 2.3
Initial R-vatue (fE-he->F/BTU-in) 7.3
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EXAMPLE 8
Polyurethane Foam Made from Z-FC-1336mez and HFC-245{a Azeotrope-
like Mixtwre

Blowing agenis Z-FC-1336mzz and HFC-2457a were premixed o form
an azeotrope-ltke mixture containing 20% by weight of Z-FC-1338mzz and
80% by weight of HFC-245fa.

Polyol, surfactant, catalysts, water and the blowing agent (80% by
weight of HF(G-24513 and 20% by weight of Z-F(C-1330mzz) were pre-mixed
by hand and then mixed with polyisocyanate. The resulting mbture was
10 poured into g 8"'x8"%2.5" paper box to form the polyurethane foam. The

formulation and properties of the foam are shown in Tables 15 and 16 below.

ir

Table 15 Polyurethane formulation

Component Parts by weight
Polyol 100
Siticon type surfactant 2.0
Amine catalyst 1.5
Co-catalyst 0.5
Water 1.0
Blowing agent (20% by weight of Z-FC-1336mzz | 250
and 80% by weight of HFC-245fa)
Polymethylene polyphenyt isccyanate ' 132
15 Table 186, Polyurethane foam properties
Foam Index 1.2
Cream time(second} 7
Rise time {seconds) a0
Tack free time{seconds) 90
Foam density {pounds-per-cubic-feat) 2.4
Initial R-vatue (fE-he->F/BTU-in) 7.1
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EXAMPLE S

Polyurathane Feam Made from Z-FC-1338mzz and Dimethoxymethane

Azeotrops-like Mixture

Blowing agenis Z-FC-1336mzz and dimethoxymethane were premixed

ir

to form an azeotrope-like mixture containing 85% by weight of Z-FC-13386mzz
and 15% by weight of dimethoxymethane.

Polyol, surfactant, catalysts, water and the blowing agent (15% by
weight of dimethoxymethane and 85% by weight of Z-FC-1336mzz) were pre-
mixed by hand and then mixed with polyisocyanate. The resulting mixture
10 was poured into a 8"x8"K2.5" paper hox 1o form the polyurethane foam. The

formulation and properties of the foam are shown in Tables 17 and 18 below.

Table 17 Polyurethane formulation

Component Parts by weight
Polyol 100
Siticon type surfactant 2.0
Amine catalyst 1.5
Co-catalyst 0.5
Water 1.0
Blowing agent (85% by weight of Z-FC-1336mzz | 251
and 15% by weight of dimethoxymethane)
Polymethylene polyphenyt isccyanate ' 132

Ev)
&

Table 18, Polvurethane foam properties

Foam Index 1.2
Cream time(second} 7
Rise time {seconds) 85
Tack free time{seconds) 105
Foam density {pounds-per-cubic-feat) 2.0
Initial R-vatue (fE-he->F/BTU-in) 6.8

i
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Claims
What is claimed is:

1. A foam-forming composition comprising:

o

(a) an azeotropic mixturs of ¢is~1,1,1.4 4 4-hexafluoro-2-butensg and
methyl formate; and

(b} an active hydrogen-containing compound having two or more active
hydrogens.

10 20 Afoam-forming composition comprising:
{a) an azeotrape-like mixture of cis-1,1,1 4,4, 4-hexafluoro-2-butene and
meathyl formate; and
{b) an active hydrogen-containing compound having two or more active
hydrogens.

Ev)
&

3. A foam-forming composttion comprising:
{a) an azeotrope-like mixture of cis-1.1,1.4 .4 4-hexafluoro-2-butene and
1,1,1.3.3-pentaffuorcbutane; and
{b) an achive hydrogen-containing compound having fwo or more active
20 hydrogens.

4, A foam-forming composifion comprising:
{a) an azsotropic mixture of cis-1,1,1,4 4 4-haxafluore-2-butens and
trans-1.2-dichloroethylene; and

>
¥

{b) an active hydrogen-containing compound having two or maore active
hydrogens.

5. A foam-forming composition comprising:

{a) an azeotrope-like mbxture of cis-1,1,1.4 4 4-hexafiuore-2-butene and

L
o

trans-1,2-dichliorosthvlene; and
{b) an active hydrogen-containing compound having two or more active
hydrogens.



WO 2009/085857 PCT/US2008/087227
F

8. A foam-forming composition comprising:
(a) an azeotropic mixturs of ¢is~1,1,1.4 4 4-hexafluore-2-buteneg and
pentane; and

ir

{b) an active hydrogen-containing compound having two or maore active
hydrogens.

7. A foam-forming composition comprising:
{a) an azeotrape-like mixture of cis-1,1,1 4,4, 4-hexafluoro-2-butene and
10 pentane; and
{b) an active hydrogen-containing compound having two or more active

hydrogens.

8. A foam-forming composttion comprising:
15 {a) an azeotropic mixture of cig-1,1,1.4,4 4-hexafiuore-2-butene and
isopentansa; and
{b) an achive hydrogen-containing compound having fwo or more active
hydrogens.

28 8. Afoam-forming composition comprising:
{a) an azsotrope-like midure of cis-1,1,1,4,4 4-hexafluoro-2-butene and
isopentane; and
(b} an active hydrogen-containing compound having two or more active
hydrogens.

10, A foam-forming composition comprising:
{2) an azeotrapic mixture of cis-1,1,1,4 4 4-hexafluoro-2-butene and
cyclopentane; and
{b) an active hydrogen-containing compound having two or more active
30 hydrogans.
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11. A feam-forming compaosition comprising:
{&) an azeotrope-like mixiure of cis-1,1,1,4,4 4-hexafluoro-2-butene and
cyclopentane; and
(b) an active hydrogen-containing compound having two or more active

ir

hydrogens.

12. A foam-forming composition comprising:
{a) an azeotrope-like mixtuwre of cis-1,1,1,.4,4 4-hexafluoro-2-bulene and
1.1,1,3.3-pentafluoropropane; and

10 {b) an active hydrogen-containing compound having two or more active
hydrogens.

13. A foam-forming composition comprising:
{8) an azeotrope-like mixture of ¢is-1,1,1.4 4 4-hexafluore-2-butene and
15 dimethoxymethane; and
{b) an active hydrogen-containing compound having two or more active

hydrogens.

14. The fcam-forming composition as in any of the preceding claims, wherein

29 said active hydrogen-containing compound is a polyether polyol,

15. A closed-cell polyurethane or polyisocyanurate polymer foam prepared
from reaction of an effective amount of the foam-forming composition as
i any of the preceading claims with a suillable polvisocyanate.

16. The closed-cell polyurathane or polyisocyanurate polymer foam of claim
15 wherein said polymer foam has an initial R-value greater than 6.0 f*-
he-"FBTU-n.

19
[n]

17. A process for producing a closed-cell polyurethane or polyisocyanurate
polymer foam comprising: reacting an effective amount of the foam-



WO 2009/085857 PCT/US2008/087227
F

forming composition as in any of claims 1-14 with a suitable

polyisacyanate.

ir
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