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ABSTRACT

Foam-forming compositions containing azeotrope-like mixtures containing cis-
1,1,1.4,4,4-hexafluoro-2-butene and dimethoxymethane and their use are disclosed.
The foam-forming composition contains (a) an azeotrope-like mixture containing cis-
1,1,1,4,4,4-hexafluoro-2-butene and dimethoxymethane 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.
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TITLE

FOAM-FORMING COMPOSITIONS CONTAINING AZEOTROPE-LIKE
MIXTURES CONTAINING CIS-1,1,1,4,4,4-HEXAFLUORO-2-BUTENE
AND DIMETHOXYMETHANE

This application claims priority of U.S. Patent Applications 61/015061,
61/015027, 61/015086, 64/015089 and 61/015082 filed December 19, 2007,
U.S. Patent Applications 6 1/015214, 511015218 anty 61/015221 filed
December 20, 2007.

FIELD OF THE INVENTION
The disclosure herein relates to foam-forming compositions comprising
(a) an azeotropic of azeotrope-like mixture comprising cis<1,1,1,4.4,4-
hexafiuoro-2-butene and (b) an active hydrogen-containing. compounds; and
using such compositions for producing polyurethane and polyisocyanurate

foams.

BACKGROUND OF THE INVENTION

Closed-cell polyisocyanate-based foams are widely used for insulation
purposss, for example, irt building construction and in the manufacture of
energy éfficient electrical appiiances. In the constiuction industry,
polyurethane/palyisocyanurate board stock is used in roofing. and siding for its
insulation and lnad-carrying capabilities. Poured and sprayed polyurethane
foams are widely used for-a variely of applications including insulating roofs,
insulating large structures such as storage tanks, insulating appliances such
as refﬁgeca!m‘s:and— freezears, insulating refrigerated trucks and railcars, ete.

All of these various types of polyurethane/polyisocyanurate foams
require blowing agents for théir'manufacture. Insulating foams depend on the
use.of halocarbon blowing agents, nof only to foam the polymer, but primarily

o .
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for their low vapor thermal conductivily, a-very important characteristic for
insulation value, Historically, polyurethans foams used CFCs
{chlorpfluprocarbons, for-example CFC-11, trichiorofluoromethane) and
HCFCs (hydrechlorofluorocarbons, for sxampls HCFC-141b,1,1-dighloro-1-

fluoroethane) as the primary blowing agent. However, due to the implication

of chiorine-containing molecules suck as the CFCs and HCFCs in the
destruction of stratospheric ozone, the production and use of CFCs and
HCFCs has been restricted by the Montreal Protocol. More recently,
hydroflusrocarbons (HFCs), which do not contribute fo the destruction of
stratospheric 6zong, have been employed as blowing agents for pelyurethane
foams. An example of an HFC employed.in this application'is HFC-245(a
(1,1,1,3,3-pentaftuoropropane}. The HFCs da not contribute to the destruction

.of stratospheric ozone, but gre of concern due to their contribution to the

“greenhouse effect”, i's., they contribule to global warming. As a result of
their contribution to glohal warming, the HFCs have come under scrutiny, and
their widespread-use may alsc ba limited i the fulure.

Hydrocarhons have also been proposed as foam blowing agents.
However, these comipounds are flammable, and many are phiotochemically
reaclive, and as a result contribute 1o the production of ground level ozone:
{i.e. smog), Such compaunds are tybically referred to as volatile crganic
compounds (VOCs), and are subjent to environmental regulations.

There is need for producing foams that provide fow flammability, good
thermal ingulation and high dimensional stability by using 3 blowing agent that
has substantially ho 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-
1336mzz, or. Z-CF;CH=CHCF 3} is one of the good candidates.

. Japanese Patent No. 05179043 discloses and attempts to use cis-
1,1.1.4.4,4-hexafluoro-2-butene as ihe blowing agent o polyurethane foams.

CA 3023927 2018-11-13
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- SUMMARY OF THE INVENTION

This application includes eight differént types of foam-forrming
compositions, each of which comprises an azeotropic or azeotrope-like
mixture of cis-1,1,1,4,4,4-hexafluoro-2:butene.

This disclosute provides a foam-forming composition comprising: {a)
an azeotropicor azeotrope-fike mixture of cis-1,1,1,4,4 4-hexafluoro-2-butene
and méthyl formate; and (b) an active hydrogen-containing compournid having
two or more active hydrogens: ‘

This disclosure provides a foam-foring composition comprising: (a)

an azeotrops-like mixture of ¢is-1,1,1.,4,4,4-hexaflucre-2-butens and

1,1,1,3,3-pentaflucrobutane; and (b} an active hydrogen-containing
compiound having two of more active hydrogens.

This disclosure provides & foam-forming composition comprising: {a)
an azeotropic or azeotrope-like mixtura of cis-1,1,1 ‘,4,4b_4~hexaﬂuoro-f2»butene
and trans-1,2-dichiorcethylens; and (b).an active hydrogen-containing
compound having two or more active: hydrogens.

This disclosure provides-a foani-forming tommposition compriging: (a)
an azeotropic or azeotrope-like mixdure of ¢is-1,1,1,4,4.4-hexaflucro:2-butene
and pentane; and (b} an active hydrogen-containing compound having two-or
more aclive hydrogens.

This disclosure provides & foam-forming composition comprising: (a)
an azeotropic-or azeotrope-like-mixture of ¢is-1,1,1,4,4,4-hexafluoro-2-butene

-and isopentane; and (b) an active hydrogen-containing compound having two

or more active hydrogens.
This disclosure provides & foam-forming composition comprising: (8)
an azeotropic or azeotrope-like mixture of cis-1,1,1,4,4,4-hexafluoro-2-butene

and cyclopentane; and (b) an active hydrogen-containitg compound having

two or more active hydrogens.
This disclosure provides a foam-forming somposition comprising: (&)

an azeotropé-like miktore of €i5-1,1,1,4 4, 4-hexafluoro-2-butene and HF (-

CA 3023927 2018-11-13
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245fa; and (b} an active hydrogen-containing compound having two or more.
active hydrogens,

This disclosure provides a foam-forming composition comprising: (a)
an azeotrope-like mixture of cis-1,1,1,4,4 4-hexafluoro-2-butene and
ditnethoxymethane; and (b‘) an active hydrogen-containing compourid having
two-or more active hydrogens.

This disclosure also provides a closed-cell polyuretivang ot
polyisocyanurate polymer foam prepared from the reaction of an effective
amount of the foam-forming compoasition and:a suitable polyisocyanate. .

This disclosure also pravides a méthod for prodiicing a closed-cell
polyurethane or polyisocyanurate polymer foam. The method comprises
reacting an effective amount of the foam-forming. compasition and a suitable
polyisocyanate,

DETAILED DESCRIPTION
A blowing agent composition (also known as-foam expansion agents
ar foam expansion compositions) often desires.a pure single component or

-an azeotropic'or azeotrope-like mixture. For example, when & blowing agent

composition isnota pure single component or an azeolropic or azeotrope-ike
mixture, the compositiorl may change during its application in the-foam

forming process. Such changs in composition could detrimentally affect

progessing or cause. poor performance inthe application. Accordingly, there
s nead for praducing polyurethanel/polyisocyanurate foams by using
azeotropic or azeotrope-like mixtures containing Z-FC-1336mzz as the
blowing agent.

Before addressing details of embodiments described bslow, some
terms are defined or cfarified.

By “cream tire”, it is meant to refer to the time-period starting-from the-
mixing of the active hydrogen-containing compound with polyisocyanate, and
erding at when the foaming starts to occur and color of the mixture starts o
change.

CA 3023927 2018-11-13
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By “rise time”, it is meant to refer to the time period starting from the
mixing of the active hydrogen-containing cofmpbund with polyisooyanate, and
ending at when the foam rising stops.

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

5 the mixing of the active hydrogen-containing compound with polyisocyanate,
and ending at when the surface of the foam-is no longer tacky.

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

10 Z-FC-1336mzz is a known compound, and its preparation method has
been disclosed, for example, in U.8. Patent Publication No.
US2008/0269532, : ,

This application includes foam-forming compositions comprising (a) an
-azeotrapic of azectrope-ike mixture compiising Z-FC-1338mzz; and (b) an

15 active hydrogen-containing compound.

In some embodiments:of this invention, the foam-forming composition
comprises: (a) an azeolropic or azestrope-like mixture of Z-FC-1336mzz and
methyl formate; and (b) an active hydrogen-cantaining compound having two
ormore active hydrogens, in the form of hydroxyl groups. In this disclosure,

20 the azeotropic or azeotrope-ike mixture of Z-FC-1336mzz and methyl
formate is used as a blowing agent, Blowing agents 2-FC-1336mzz and
methy! 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 mixed with'soms or all of the other components

25 before the other is mixed in. Forexample, Z-FC-1338mz2 can be first mixed
with the other components in the foam-forming compasitions before methyl
formate is added in. In one embodiment, the azeotrope jike 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-1336mzz dnd 50-8% by weight of methyl formate.

CA 3023927 2018-11-13
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In one embodiement, the azeotrope fike mixture contains 80% by weight of Z-
FC-1336mzz and 10% by weight of methyl formata.

The azeotropic or-azeotrope-like mixtures of Z:FC-1336mzz and
methy! formate has been described in U.S. Patent Application No. 607926617
[FL1369 US PRV] filed ApritlZ?/QDU?.

n

n some embodiments of this invention, the foam-forming composition
comprises: (a)-an azeotrope-fike mixture of Z-FC-1338mzz and-1,1,1,3,3+
pentafiucrobutane; and (b) an active hydragen-containing compound having

10 two'or more active hydrogens, in the form of hydroxyl groups. In this
disclosure, the azeotrope-like mixture of Z-FC-1336mzz and-1,1,1,3,3-
‘pentafiuorobutane (HFC-365mfc, or CFsCH.CF.CH,) is used as a blowing
-agent. Blowing agents Z-FC-1336mzz and HFC-365mfe form an azeotrope-
‘like mixture. Typically these are combined prior to mixing with the other
components-in the foam-forming compositions. Altaiatively, one.can be
mixed with some or all of the other components befare the other is mixed in,
For example, Z-FC-1336mzz can be first mixed with the other components in
the foam-forming compositions before HFC-365mfe is added in. In one
embodiment, the azeotrope fike mixture contains between 1-99%. by weight of
20 ZFC-13368m2z, and 89-1% by weight of HFC-385mifc. In ong embodimerit,
the azeolrope like mixture contains between 45-95% by weight of Z-FC-
1336mzz and 55-5% by weight of HFC-365mfc. 10 one embodiemerit, the
:azeotrope like mixture contains 80% by weight of ZFC-1338mzz and 20% by

ot
in

weight of HFC-365mfc.

25 The azectrope-like mixtures of Z-FC-1336mzz and HFC-365mfe has
been described in U.S. Patent-Application No. 80/930383 [FL1401 US PRV]
filed May/16/2007,

in some embodiments of this invention, the foari-forming composition

comprises: (a) an azeotropic or azeotrope-like mixture of Z-FC-1336mzz and

30 trans-1,2-dichidroethylene; and (b) an active hydrogen-containing compound
having two or more active hydrogens, in the form of hydroxyl groups: in this

- 6 -
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disclosure, the azeotropic or azeotrope-fike mikture of Z-FC-1336mzz and

trans-1,2-dichloroethylene {irans-1,2-DCE, or trans- CICH=CHGC!) is used as a
blowing agent. Blowing agents Z-FC-1336mzz and trans<1,2-

dichloroethylenie form an azeotrope-fike mixture. Typically these are
combined prior t mixing with the other components in the'foam-forming
compositions, Alternatively, ohe canbe mixéd with same or all of the other
camponents before the other is mixed in. For example, Z-FC-1 336mzz can be
first mixed with the other components in the foam-forming compositions
befors trans-1 2-dichioroethylena is added in. in one embodirment, the

azeotrope like mixtdreloomains:between' 66-99% by weight of Z-FC-1336mzz,
‘and 34-1% by weight of trans-1,2-dichloroethylene. 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 74.2% by-weight of Z-FC-1336mzz and 25 3% by

weight of trang-1,Z-dichloroethilene. I one embodisment, the azeotrope like

mixture contains 68% by weighit of Z-FC-1336mzz and 32% by weight of
trans~1,2-dichloroéthylene

The azeotropic or azeotrope-like mixtures of Z-FC-1336mzz and trans-
1,2-dichloroethylene has been described in U.S. Patent Application No.
607931860 [FL1404 US PRV] filed May/24/2007,

In-sothe embodiments of thiis invention; the foam-forming composition
comprises: (a) an azeotrapic 6r azeotrope-fike ixture of Z-FC-1336mzz and
pentane; and (b) an active hydrogemcdniaining compound having two or
ore active hydrogens, ifithe form of hydroxyl groups. In this disclosure, the:
azeotropic or azeotrepe-ike mixture of Z-FC-1336mzz and pentane is used

as a blowing agent. Blowing agents Z-FC-1338mzz and pentane form an
-azeotrope-like mixture. Typi(:aiiy-these are combined ptior to mixing with the

other components in the foam-forming compositions. Alternatively, one can
be mixed with sorme or all of the other comporeants bafore the other is mixed
in. For example; Z-FC-1336mzz can be first mixed with the other cormponents

CA 3023927 2018-11-13
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in the foam-forming compositions befare pentans is added in. Inone
embodiment, the azeotrope like mixture contains betweesn 62-78% by weight

of Z-FC-1336imzz, and 38:22% by weight of ventane: In one embodiment,
the azeotrope like mixture contains between €4-76% by weight of Z-FC-

1336mzZ and 36-24% by weight of pentane. In chie émbodiement, the

azeotropic mixture contains 70.2% by weight.of Z-FC-1336mzz-and 29.8% by

weight of pentane.

The azeotropic or azeotrope-fike mixtures of Z-FC-1336mzz and
pentane has been described in U.S. Patent Application No. 80/930467
[FL1394 US PRV filed Mayi16:2007, -

In some embodiments of this invention, the foam-forming composition
comprisés: (a) an azeotropic of azeotrope-like mixture of Z-FC-1336mzz and
isopentane; 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.isopentane is
used aga blowing agent. Blowing agents Z-FC-1336mzz and isopentane
form an azeotrope-like mixiire. Typicaly these are combined prior to mixing
with the other componenis in the foam-forming aomposit’ions; Afternatively,
one can be mixed with someé or alf of the other components before the other
is mixed in. For example, Z-FC-1336mzz can be first mixed with the other
comparients in the foam-formirig -csmpcsbiii‘cn‘s befcre iscpentane is added in.
in one embodiment, the azeotrops like mixi;,;ie containg between 51-70% by
weight of Z-FC-1336mzz, and 49-30% by weight of isopentane. In one.
embodiment, the azeotrope like mixture contains between 54-67% by weight
of Z-FCx1 33‘6mzz'-aﬁd.46~-33°/a by weight of isopertane. Inone
-embodiement; the-azeotropic mixture contains 61.4% by weight of Z-FC-
1336mzz and 38.6% by weight of isopentane. ‘

The azeotropic or azeotrope-like rrixtures.of 2-FC-1336mzz and
isopentane has been described in U.S. Patent Application No. 80/930445

CA 3023927 20>18-11'—13
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[FL1395 US PRV filed May/16/2007,

In some embodiments:of this invention, the foam-forming composition
comprises: (a) an azeotropic oraiepttopéiiﬁe mixiure of Z-FC-1336mzz and
cyclopentanie; and (b)an active hydrogen-containing compound having two or

Trore aclive hydrogens, in' the form of:hydroxylg’roups. in- this disclosure, the
‘azeotropic or azeotrope-liike mixiure ef.Z-FC-j'Bashizz"fand, cyclopentang is

used as a blowing agent. Blowing agents Z-FG-1336mzz and cyclopentane
form an azeotrope-like mixture. Typically these are cormbined prior to mixing
with the other cormponents in the foam:forming compositions, Alternatively,
one car be mixed with some or all of the other components before the. othar
is mixed in. For example, Z-FC-1336mzz ¢an be first mixed with the other
comporients in the foam-forming compositions before cyclopentans is added
in. In one embodiment, the azeotrope fike mixture contains between 75-88%
by weight of Z-FC-1336mzz, and 25-12% by weight of cyclopentdne. Inons
embodiment, the azeotrope like mixture contains between 77-87% by weight.
of Z-FC~1338mizz and 23-13% by weight of cyclopentane. In one
embodiement; the azeotrope like mixture contains 85% by weight of Z-FC-
1336mzz and 15% by weight of cyclopentane.

The azeotropic of azeotrope-like mixtures-of Z-FC-1336mzz and
cyclopentane has been described inU.S. Patent Application No. 80/999871

[FL1445 US PRV] filed October/22/2007,

in some embodiments of this invention, the foam-forming composition

comprisas: (a) an azeotrope-like mixture of Z-FC-1336mzz and HFG-2451a;

and (b) an active hydrogen-containing compound having two or more active
hydrogeris, in the-formof hydroxyl groups. In this disclosure, the: azsotrope-
like mixture of Z-F G-1336M~-an'd HFC-245fa is used as a blowing agent.
Blowing agents Z-FC-1336mzz.and HFC-245fa form an azeotrope-like
mixture. Typically these are cormbined prior fo mixing with the other
components in the foam-forming compositions. Alfernatively, one can be

CA 3023927 2018-11-13
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mixed with some or all of the other components befare the other is mixed in,
For example, Z-FG-1336mizz can be first mixed with the other components in
the foam-farming compositions before HFC-245fa is added in. In one
embodiment, the azectrope-ike mixture conitains between 1-24% by weight of
Z-FC-1336mzz, arid 99-76% by weight of HFC-245fa. In one embodiment,
the azeotrope like mixture contains between 3-22% by weightof Z-FC-
1336mizz and 97-78% by weight of HEC-245fa. In one embodiement, the
azeotrope like mixture contains:20% by weight of ZFC-1336mzz and 80% by
waight of HFC-245fa.

The azeotrope-like mixtures of Z-FC-1336mzz and HFC-2451a has
been described in U.8. Patent Application No. 60/931875 [FL1405 US PRV]
filed May/24/2007,

In some embodiments of this invention, tha foam-forming composition
camprises: (a) an azeotrope-like mixture of Z-FC-1336mzz and
dirnethoxymiethane; and (b) an active hydrogen-containing compound having
two-or more active hydrogens, in-the farm of hydroxyl groups. In this
disclosure, the azeotrope-like mixture of Z-FC-1336mzz and
dimethoxymethane is used as & blowing agent.. Blowing agents Z-FC-
1336mzz and dimethoxymethane form an azeotrope-fike mixture. Typically
these are_ combined prior tov'mixmcj. with the other components in the foam-
forming compositions. Alternatively, one can be mixed with some or all of the
other components beforethe other is mixed in. For example; Z-FC-1336mzz
can be first mixed with the other components in the foam-forming
compositions before dimethoxymethane Is added in, Inone embodiment, the
azeotropé like mixture contains between 1-99% by weight of Z-FC-1336mzz,
and 99:1% by weight of dimethoxymethane. In-one embodiment, the
azeotropa like mixture contains between 67-97% by weight of Z-FC-1336wmzz
and 33-3% by weight of dimethokymethane. In one embodierment, the
azeotrope like mixture contains 85% by weight of Z-FC-1336mzz and 15% by
weight of dimethoxymethane.

- 30 -
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The azeotrope-ike mixtures of Z-FC-1336mzz and dimethoxymethane
has bean described in U.S. Patent Application No. 60/967874 [F1.1427 US
PRV] filed September/7/2007,

-an admixturé of two or Mora different components which, when in liquid fofm
under a given pressure, will boil at & substantially constant temperature,

in

which temperature may be higher or lower than the boiling femperatures of
the individual components, and-which will provide a vapor composition
essentially identical to the liquid romposition undergoing boiling.

19 For the purpose of this discussion, an azeotrope-like mixiure means a,
composition that behaves like an azeotrope (i.e., has constant boiling
characteristics or a tendency not to fractionate upon boiling or evaporation).
Thus, the composition of the vapor formed during boiling or evaporation.is the
same as or-substantially the same as the original fiquid composition. Hence,

1% during boiling or eévaporation, the liquid composition, if it changes at all,
changes anly to-a minimal or negligible extent. This is'to be:contrasted with
non-azeotrope-like comgositions in which during boiling or evaporation, the
liquid composition changes to a substantial degree.

Additionally, azeotrope-like. compositions exhibit dew point pressure

20  and bubble point pressute with virtually rio pressure differential. Thatig o

say that the difference in the dew point pressure and bubble point pressure at

a.given temperature will be a small value. In this invention, compositions with

a difference in dew point pressure.and bubble paint pressura of less than or

equal to 3 percent (based upon the bubble point pressure) is.considered to be

azeotrope-like,

N
o

Accordingly, the essential features of an azeotropic or an azeotrope-
like-cormposition are that at a given pressure, the boiling point of the liquid
composition is fixed and that the-composition of the vapor above the boiling
composition is-essentially that of the boiling fiquid composition (.e., no

30 fractionation of the components of the liquid composition takes place). fis
glso recognized in the art that Both the boiling point and the weight

- 1% -
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percentages of each component of the azeotropic.composition may change
whan the azeotropic or azeotrope-like liquid composition is subjected to
boiling at different pressures. Thus, an azeotropic or-an azeotrope-like

composition may be-defined in terms of the unique relationship that exists
among the components of in terms of the compesitional ranges of the

components or interms of exact weight percentages of each component of
the composition characterized by.a fixed boiling point at a spetified pressure.
It is-also recognized ir the art that various azeotropic compositions (including
thelr boiling points at particular pressures) may be calculated (see, eg. W
Schotte Ind. Eng. Chem. Process Des. Dev. (1980) 19, 432-439).
Experimental identification of azeotrapic. compesitions involving the same
components may.be used to confirm the accuracy of such calculations and/or
to modify the calculations al tHe same or other temperatures and pressures.
The active hydrogen-cantaining compounds of this invention can
comprise sompounds having two or fnore- graups that contain an active
hydrogen atom reactive with an isocyanate group, such as described'in U.S.
Patent No, 4,394,491, Examples of such
compounds have at least two hydroxyl. groups per molecule, and more
specifically comprise polyols, éuch_ as polyether or polyester pulyols.
Examples of such polyols are thoge which have an equivalent weight of about
50 to about 700, normally of about 70 fo about 300, more typically of about 90

fo about 270, and carry at least:2 hydroxyl groups; usually 3 to 8 such groups.

Examples of suitable polyols comprise polyester polyols such as

-aromatic polyester polyols, e.g., those made by transesterifying polyethylens
terephthalate (PET) scrap with a glycol such as diethylene glycol, or made by

reacting phthalic anhydride with-a glycol. The resulling polyester polyols may
be reacted further with ethylerie - and/or propylene.oxide - to form an
extended polyester polyol eontaining additional internal -atkylenedxy groups.
Examplas of suitable pa’l'yotS:ais,o comprise:po}yeihér- polyols such as
polyethylene oxides, polypropylene axides, mixed polyethylene-propylene
oxides with terminal hydroxyl groups, among others. QOther suitable polyols

- 13 -
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can be prepared by reacting ethylene and/or prepylene-oxide with an initiator
having 2 to 18, generally 3 to. 8 Hydroxy! groups as present, for example, in

glycerol, pentaerythritol and carbohydrates such as sorbitol, glucose, sucrose.

and the like polyhydroxy compounds, Suitable polyather polyols-can also
include alaphatic or atomatic amine-based polyals.
The present invention also refates to processes for producing a closed-

-cell polyurethane or polyisocyanurate polymer foam by reacting an-effective

amount of the foam-forming compositions with a suitable polyisocyanate.
Typically, before reacting with a suitable polyisocyanate, the active
hydrogen-containing compound described hereinabove and optionafly other

-addltives are.mixed with the blowing agent to form a foam-forming

cormposition: Such foam-forming cornposition is typically Known in the art as
an isocyanate-reactive p,re‘biend,»o_r:B~side-compcsiﬁen. The foameforming
campasition of this invention can be prepared-in any manner convenient to
one skillad in this-art, including simply weighing desired quantities of each
component and, thereafter, combining them in an appropriate container at
appropriate temperatures and pressures.

When preparing polyisocyanate-based foams, the polyisocyanate
reactant is normally selected In such proportion relative to that of the active:
hydrogen-Containing compound thaf the ratio of the-eguivalents of Isocyanatle
groups to the eguivalents of active hydrogen groups, Le., the foam index is

from about 0.9 to-about 10-and in most cases fronrabout 1-to about 4,

While any suitable polyistcyanate can be employed in the instant
process, examples of suitable polyisocyanates useful for malking.
polyisgcyanate-based foam comprise af least one of aromatic; aliphatic and
cycloaliphatic polyisacyanates, among others. Representative members:of
these compounds comprise diisocyanates such as meta- or paraphenylene
diis?oéyé’;‘iate;t'omene»z,-ét*diisﬁcyaﬁate,'-to!uenefz';ﬁ-‘.diisqcyanate;
hexamethylene-~1 8-dilsocyanate, tetramethylene-1,4:diisocyanate,
cyclohexane-1 4-diisocyanate, hexahydrotoluene diisocyanate {and isomers),
napthylene-1,5-diisocyanate, 1-methylpheny!.~2,4~phenyldiisocyahate,_

13 -
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diphenylmethane<4 4-diisocyanate, diphenylmethane-2 4-diissocyanate, 44 -
biphenylenediisocyanate and 3, 3-dimethyoxy-4 .4 biphenylenediisccyanate
and 3,3-dimethyldiphenylpropane-4 4-diisocyanate; trisocyanates-such as.

‘foluene-2,4,6-trisocyanate and polyisocyanates such as 4,4 -

dimthytdiphehyl me:hane'-z,2,5_,5«%etr6559gya‘nate and the diverse

‘polymethylenepaly-phenylopolyisocyanates, mixtures thereof, among others.

A crudé polyisocyanate may alsc be used in the practice of this.
invention, such as-the crude tolusne diisocyanate obtained by the
phosgenating a mixture comprising toluene diamines, or the crude

diphenyimethane diisocyanate obtained by the phosgenating crude

diphenyimethanediamine. Specific examples of such compounds comprise
methylene-bridged polypheaylpolyisccyanates, due {6 their ability to crosslink.
the po!_yurethane.

it is often desirable to. employ minor amounts of additives in preparing
polyisocyanate-based foams. Ambng these additives comprise one of more
members from the group consisting of catalysts, surfactants, fame:
retardants, preservatives, colorants, antioxidants, réinforcing agents, filler,
antistatic agents, among others weail known inthis-arl.

Depending upon the composition, a surfactant can be employed to
stabilize the foaming readiion mixture while ctiring. Such surfactants normally:
comprise a liquid or solid organositicone compound. The surfactants are
employed in amounts sufficient to stabilize the foaming reaction mixture
against collapse and {o prevent the formation of large, unever cells. Inone
embodiment of this invention, about 0:1% to-about 5% by weight of surfactant
based on the total weight of all foaming ingredients {i.8; blowing agents +
active hydrogen-containing compounds + polyisacyanates + additives) are
used. In another embodiment of this invantion, about 1.5% to about 3% by
weight of surfactant based on the total weight of all foaming ingredients are
used. , ‘ .

Oné or more catalysts for the raaction of the active hydrogen-
containing compounds, -e.g. polyols, with the po{yisccyanatemay be also
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employed. While any suitable urethane catalyst may be employed, specific
catalyst comprise terfisry amine compounds and crgafometaliic compounds.
Exemplary such catalysts are disclosed, for exarple, in U'S. Patent No.
5,164,419, For- S

axample, a catalyst Tor the trinerization of ~_pe§yiéeéy_aﬁéies, such as an alkali
metal alkoxide, alkali metal carboxylate, or quaternary amine compound, may
alsa optionally be employed herein. Such catalysts are used in an amount
which measurably increases the rate of reaction of the polyisocyanate.
Typical amounts of catalysts are abiout 0.1% to about 5% by weight based on
the total weight of alf foaming ingredients.

In the process of the invention. for making a polyisocyanate-based
foam, the active hydrogén-containing compound (e.g. polyol), polyisocyanate
and other components-are confacted, thoroughly mixed, and permitted to
expand and cure into a celiular p@tymé'n The mixing apparatus is not critical,
and various conventional types of mixing head and spray apparatus are used.
By conventional apparatus-is meant apparatus, equipment, and procedures
coriventionally employed in the preparation of isocyanate-based foams in
which conventional isocyanate-hased foam blowing -agents, such as.
fluorotrichforomethane (CClF, CFC-11), are employed. Such conventional
apparatus are discussed by: H. Boden et al. jn chapter 4 of the Polyurethane
Handbook, edited by G. Oertel, Hanser Publishers, New York, 1985; a paper
by H. Grunbauer et-al, titied “Fine Celled.CFC-Free Rigid Foant - New'
Machinery with Low Boiling Blowing Agents” pu,bjisﬁed in Polyurethanes 92
fromthe Proceedings of the SPI 34th Annual Technical/Marketing
Conferance, OctobenzZi-QcthET 24, 1992, New Qrieans, Louisiana; and &
paper-by M. Taverna et al. titled "Soluble or Insoluble Alternative Blowing
Agents? Processing Technologies for Both-Alfernatives, Presented by the
Equipmént Manufacturer”, published in Palyurethanes World Congress 1991
from the Proceedings of the SPIISOPA September 24-26, 1981, Acropolis,
Nice, France. |
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In one embodiment of this invention, a preblend of certain raw
materials is prepared prior to feacting the polyisocyanate and active
hydrogen-containing components. Forexample, it is often useful to blend the
polyol(s), b!oW}ﬁg agent, surfactani(s}, catalysts(s) and other foaming
ingredients, except for polyisocyanates, &nd then contact this blend with the-
polyisocyanate, Aizernétiyet_y,, gl the foémin,g ingredients may be introduced
individually to the trixing zorie where the polyisocyanate and polyol(s) are
contacted. Itis-alse possible to pre-reactall or a-portion of the polyol(s) with
the polyisocyanats to form a prepolymer.

The invention composition and processes are applicable tothe
production of all kinds of expanded polyurethane foams, including, for
example, integral 'skin, RIM and flexible foaims; and in particular rigid closed-
cell polymer foams useful in spray insutation, as pour-in-place appliance
foarns, ar as figid insulating board stock and laminates.

The preserit invention also relates to the ¢l osetl-cell polyurethane or
polyisacyanurate polymer foams prepared from reaction of effective amounts
of the foam-forming composition of this disclosure-and a suitable
polyisocyanate.

EXAMPLES
The present disclosure is-further defined in the following Examples. it
should be understood-that these Examples, while indicating preferred
embodiments, aré given by way of illustration only. The scope of the claims
should not be limited by the preferred embodiments set forth in the examples,
but should be given the broadest interpretation consistent with the description

as a whole.
Polyot is a toluene diamine (o}TDA) infiated aromatic potyeth,_er’polyo‘i

(\IORANC@G}M) purchased from Dow Chemicals ine. at Midland, Ml, 49641~
1206. Polyol has viscosity.of 4740 centerpoise at 25°C. The content of

...‘1_6._
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hydroxy! groups in the Polyol is equivalent to-391 mg KOH per gram of
Polyol.

Silicon type surfactant.is a mixture of 70%
polyalkylensoxidemethyisiloxane and 30% polyaikylene oxide (Niax Silicone
L-6440) purchased from Momentive Performance Materials at 187 Danbury
Road, Witton, CT 06897 USA.

Amine catalyst (Polycat 8) is N,N-dimethylcycloheéxytamine purchased
from Aitr-Products Inc. at- 7201 Hamilton Bivd, Allentown PA:18195.

Co-catalyst {Curithané 52) is 2-methyl(n-mathyl amino b-sodium
acetats nonyl phenol) purchased from Ait Products Ine, at 7201 Hamilton
Bivd, Allentown PA 18195, -

Polymethylene polyphenyl isocyanate {PAPI 27) is purchased from
Dow Chemicals, Inc. at Midlarid, MI, 4964 1-1206.

initial Revalue is measured by a LaserComp FOX 304 Thermal
Conductivfiy Meter at a mean temperature of 75 °F. The unit of R-valiie is ft-
hr-°F/BTU-in.

Azeotrope-like Mixture

Blowing agents Z-FC-1336mzz and methyl formate were premixed to
form an azeotrope -like mixture containing 90% by weight of Z-FC-1336mzz
and 10% by 'weight of meththyl formate.,

Polyol, surfactant, catalysts, water and:the blowing agent (10% by
weight of methyl formate and 0% by weight of Z-FC-1336maz) were pre-

‘mixed by hand and then mixed withi polyisocyanate. The resulting 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 in Tables 1. and 2 below.

- 17 -
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Component Parls 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 methyl formate).
Polymethylene polyphenyl isocydnate 132

8 Table 2. Polyurethane foam properties

Foam Index 1.22

Cream time(second) 8

Rise time (seconds) 80
Tack free time(seconds} 100
Foam density {pounds-per-cubic-feet) 2.3
Initial R-value (f-hr-2F/BTU-in) 73

EXAMPLE 2.
Polyurethane Foam Made from Z-£C-1336mezz and HFC-365mfc Azeotrope-
10 like Mixture

Blowing agents Z-FC-1336mzz and HFC-365mfc were premixed to
form an azeotrope-like mixture containing 80% by waight of Z-FC-1336mzz

and 20% by weight of HFC-365mfc.

Polyol, surfactant, catalysts, water and the blowing agent (20% by
15 weight of HFC-365mfc and 80% by weight of Z:FC-1336mzz) were pre-mixed
by hand and then mixed with polyisocyanate. The resulting mixture was

~ 28 -
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potired into a 8"x8"%2.5" paper box 1o form the polyurethane foam. The
formulatinn and properties of the foam are shown in Tables 3 and 4 below.

Table 3 Polyurethans formulation

Component Parts by weight |
Polyol 100
Silican type surfactant 2.0
Aniine catalyst 18
Go-catalyst 0.5
Water 1.0
Blowing agent (80% by weight of Z-FC-1336mzz 28.8.
and 20% by weight of HFC-365mfc)
Polymethylene polyphenyl isocyanate 132
5
Table 4, Polyurethane foam properties
Foam Index 12
Cream time{second) 8
Rise time (seconds) 80
Tack free time(seconds) 100
Foam density (pounds-per-cubic-feet) 2.2
Initial R-vatue (ft*-hr-"F/BTU-in) 74
EXAMPLE 3
10 Polyurethane Foam Made from Z-F!

dlchl oroethylene: Azeatroglc Mixture

Blowing agents Z-FC-1336mzz and trans-1,2-dichioroethylene were

premixed to form an azeotropic mixture containing 74.7% by weight of Z-FC-

1336mzz and 25:3% by weight of trafis-{ 2-dichlorocethyiaiie.
i5 Polyol, surfactant, catalysts, water and the blowing agent (25.3% by.
weight of trans-1,2-dichloroathylene and 74.7% by weight of Z-FC-1338mzz)

_19;“
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were pre-mixed by hand and then mixed with polyisocyanate. The resulting

mixture was poured into a 8"x8°x2,5” paper box fo'form the polyurethane

foam. The formulation and properies of the faam are shown in Tables 5 and

6 hejow.

An

Table 5 Polyurethane formulation

Component Paris by weight
Polyol 100
Silicon type surfactant 2.0
| Armine catalyst 1.5
Co-catalyst 0.5.
Watér 1.0
Blowing agent (74.7% by weight.of Z-FG-1338mzz 25.1
and 25.3%. By Wweight of trans-1,2dichloroethylene)
Polymethylene polyphenyl isocyanate 132

Table 6. Polyurethane foam properties

Foamiindex 1.2

Cream time(second) 11

Rise fime (seconds) 90
Tack free time{seconds) 100
Foam density. (pounds-pec-cubic-feet) 2.1
Initial Rovaiue (RE-hoF/BTU-R) | 74

EXAMPLE 4

Polyurethane Foam Made from Z-FC-1336mzz and Trans-1.2-

dichloroethviane Azeotrope-tike Mixture

CA 3023927 2018-11-13
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Blowing agents Z-FG-1 336rmzz and trans-1,2-dichioroethylene were
premixed to form an azeotrope-like mixture containing 88% by weaight of Z-
FC-1336mzz and 32% by weight of-‘tr,aﬁsﬂ 2-dichloreethylene.

Potyol, _s.urfactan;;.catalysté, waterand the blowing agent (37% by

Re:]

weight of frans-1 ,Zedichlorgeihy!eﬂe*amd 68% by weight of Z-FC-1336mzz)

were pre-mixed by hand and then mixad with polyisocyanate. The resulting
mixture was.poured into a 87x8"x2.5” paper box to form the polyurethane

foam. The formulation and progertios of the foam are shown in Tables 7 and

8 below.

Table 7 Polyursthane formulation

Polymethylene polyphenyl isocyanate

Component Parts by weight
Palyol 100
Silicon type surfactant 2.0
Amine catalyst 1.5
Co-catalyst 0.5
Water 1.0
Blowing agent {68% by weight of Z-FG-1336mzz 24.1
and 32% by weight of trans-1,2-dichloroethyleng)
132

Table 8. Polyursthane foam properties

Foamindex 1.2

Cregm timé(secbnd;) o

‘Rise time {seconds) 88

Tack freo ime(seconds) 93
| #bam‘d‘evnsityi {pouhds—per—.cu‘bicufee_t) 2.3
oitial Rvalue (f-hr /B TU M) 73
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Polyurethane Foam Made from Z-FC-1336mzz and Pentang Azeotropic

Mixture

Blowing agents Z-FC~1336mzz and pentane were premtxed to form an'
5 azeotropic mixture contatmng 70 2% by we;ght of ZFC- 1336mzz and 29.8%

by weight of pentane..

Polyol, surfactant catalysts, water and the blowing agent (22.8% by

weight of pentane and 70 2% by welght of Z-FC-1336mzz) were pre-mixed by
hand-and then mtxed wnth pofy:socyanaie The resulting: mixture was poured

10 inloa 8"x8"%2.5" paper box to form the polyurethane foam. The formulation

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

Table 9 Polyurethana foomulation.

Component - Parls by weight
Polyol 100
Siticon type surfactant 2.0
Amine catalyst 4.5
Ca-catalyst 0.5
Water 1.0
Blowing agent (70.2% by weight of Z-FC-1336mzz 214
and 29.8% by weight of pentane)
Polymethylene polyphenyl isocyanate 132

=
Lt

Table 10, Polyurethane foam properties:

Foarh Index 1.2

Cream tima(second) g
Rise:time {seconds) 90
Tack free time{seconds) 100
Foam density (pounds-per-cubic-féat) 23
Initial Revalue (fE-hr-"F/BTU-ir) 6.9

- 20 -
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Polvarethane Foarfn Made from 2-FC-1336nw2 and [sopentana Azeotropic
Mixture
Blowing agents Z-FC-1336mzz and isopentane were premixed to form
5 an azeotropic*mixmre:céntaining 61.4% by weight of Z-FG~1336mzz and
38.6% by weight of isopentane.
Polyol, surfactant, catalysts, water and the blowing agent (38.6% by
weight of isopentane and 61.4% by weight of Z-FC-1336mzz) were pre-mixed
by hand and then mixed with polyisocyanate. The resulting mixture was-
10 poured into & 8"x87x2.5" paper box to form thie polyurethane foam. The
formulation and properties of the foam are shown in Tables 11 and 12 below.
Tabla 11 Polyurethane formulation
Component ~ Parts by weight
Polyol 100
Silicor typs surfactant 2.0
Amine catalyst 1.8
Co-catalyst 0.5
“Water 1.0
Blowing agent (61.4% by weight of Z-FC~1336mzz 187
and 38.6% by weight of isopentane)
Polymethylene polyphenyl isocyanate 132
15 Table 12, Polyurethane foam properties
Foam Index 1.2
Cream time(second) 7
Risetime {segonds) -80
Tack free ime(seconds) 90
Foam density (pounds-pér-cubic-fést) 1.8
Initial R-value (f*-hi-"F/BTU-in) 6.5

- 23 =
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Polyurethane Foarh Made from Z-FC-1336mzz and Cyclopentans Azeotrope-
like: Mixture
Blowing agents Z-FC-1336mzz and cyclopentane were premixed to
form an azeotrope -iike fixturé 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 mixtura
10 was pouredinto.a 8"x8"%2:5” paper box to.form the polyurethane foam. The
formulation and properties of the foam are shown in Tables 13 and 14 below.

Ar

Tabla 13 Polyurethane fermulation

Componerit - Parts by .weight
Polyol 100
Sificon type surfagtant 2.0
Anmine catalyst. 1.5
Co-catalyst 0.5
‘Water 1.0
Blowing agent (85% by weight of Z-FC-1336mzz. 24.5
and 15% by weight of cyclopentane)
Polymethylene polyphenyl isocyanate 132
15 Table 14. Polyurethane foam properties
Foam Index 1.2
Cream time({second) 10
Risetime {seconds) -85
Tack free time(seconds) g5
Foam density {pounds-per-cubic-fest) 2.3
Initial Revalue (f-hr-"E/BTU-iR) 7.3
. .
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Polyurethane Foam Made from Z-FC-1336mzz and HFC-245fa Azeotrope-

PCT/US2008/087227

like Mixture

Blowing agents Z-FC-1336mzz and HFC-245fa were premixed to form

5 an azeolrope-like mixture containing 20% by weight of Z-FC-1336mzz and

80% by weight of HFC-245fa,

Polyol, surfactant, catalysts, water and the blowing agent (80% by
weight of HFC-245fa and 20%. by -weight of Z-FC-1336mzz) were pre-mixed
by hand and then mixed with polyisocyanate. The resulting mixture was

10 poured into & 8°x8°%2.5" paper biox to form the polyurethane foam. The

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

Table 15 Polyurethane formulation

Componert ~ Parts by weight
Polyol 100
Silicon type surfagtant 2.0
Amine catalyst. 1.5
Co-catalyst 0.5
‘Water 1.0
Blowing agent (20% by weight of Z-FC-1338mzz 25.0
and 80% by weight of HFC-245fa)
Polymethylene polyphenyl isocyanate 132
195 Table 18. Polyurethane foam properfies
Foam Index 1.2
‘Cream time(second) 7
Risefime (seconds) 90
Tack free time(seconds) 80
Fedm density (founds-per-cublc-fest) 2.4
Initial R-vajue (f-hr-*F/BTU-in) 7.1

-~ 25 -
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Polyurathane Foam Made from Z-FC-1338mzz and Dimethoxymethans

Azeotrope-fike Mixture

Blowing agents Z-FC-1336mzz and dimethoxymethane were premixed
5 o form an-azeotrope-ike thixture-containing 85% by weight.of Z-FC-1336mzz

-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+1336rmzz) were pre-
mixed by hand and then mixed with-polyisocyanate. The resulting mixture
10 was poured into a 8°xB87%2:5" paper box to form the polyurethane foam. The
formulation and properties of the foam are shown in Tables 17 and 18 below.

PCT/US2008/087227

Tabla 17 Polyurethane formulation

Component - Parts by.weight
Polyal 100
Silicon type surfactant 2.0
Amine catalyst 1.8
Cao-catalyst 0.5
Water 1.0
Blowing agent (85% by weight of Z-FC-1336mzz 25.1
and 15% by weight of dimethoxymethang)
Polymethylene polyphenyl isocyanate 132

i5 Table 18, Polyurethane foam properties
Foarm Index 1.2
Cream time(second) 7
Risetime {seconds) g5
Tack free time(seconds) 105
Foam density (pounds-per-cubic-feat) 2.0
nitial R-vajue (f*-hr-F/BTU-in) 6.8

- 26 -
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What is claimed is:

1. A foam-forming composition comprising (a) an azeotrope-like mixture of cis-
1,1,1,4,4 4-hexafluoro-2-butene and dimethoxymethane, and (b) an active hydrogen-
containing compound having two or more active hydrogens, wherein azeotrope-like is
defined as a difference in dew point pressure and bubble point pressure of less than or

equal to 3 percent (based upon the bubble point pressure).

2. The foam-forming composition of claim 1, wherein said active hydrogen-

containing compound is a polyether polyol.

3. A closed-cell polyurethane or polyisocyanurate polymer foam prepared from
reaction of an amount of the foam forming composition of claim 1 or claim 2 with at least
one aromatic, aliphatic or cycloaliphatic polyisocyanate in such proportion that the ratio
of equivalents of isocyanate groups to equivalents of active hydrogen groups in the
active hydrogen-containing compound of the foam-forming composition is from 0.9 to
10.

4, The closed-cell polyurethane or polyisocyanurate polymer foam of claim 3
wherein said polymer foam has a thermal resistance, measured using a LaserComp
FOX™ 304 Thermal Conductivity Meter at a mean temperature of 75°F (24°C) within 24
hours after the foam is formed and becomes tack free, greater than 6.0 ft2-hr-°F/BTU-in
(41.6 (m- K)/W).

5. A process for producing a closed-cell polyurethane or polyisocyanurate polymer
foam comprising: reacting an amount of the foam-forming composition of claim 1 or
claim 2 with at least one aromatic, aliphatic or cycloaliphatic polyisocyanate in such
proportion that the ratio of equivalents of isocyanate groups to equivalents of active
hydrogen groups in the active hydrogen-containing compound of the foam-forming
composition is from 0.9 to 10.

27
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