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(57) Abrege(suite)/Abstract(continued):

pentafluoropropane, n-butane or isobutane. Also disclosed Is a process of preparing a thermoplastic or thermoset foam by using
such azeotropic or azeotrope-like compositions as blowing agents. Also disclosed Is a process of producing refrigeration by using
such azeotropic or azeotrope-like compositions. Also disclosed I1s a process of using such azeotropic or azeotrope-like
compositions as solvents. Also disclosed Is a process of producing an aerosol product by using such azeotropic or azeotrope-like
compositions. Also disclosed Is a process of using such azeotropic or azeotrope-like compositions as heat transfer media. Also
disclosed Is a process of extinguishing or suppressing a fire by using such azeotropic or azeotrope-like compositions. Also
disclosed Is a process of using such azeotropic or azeotrope-like compositions as dielectrics.
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FIGURE 1. E-FC-1336mzz and
Methyl Formate at 20 C
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(57) Abstract: Azeotropic or azeotrope-like
compositions are disclosed. @ The azeotropic
or azeotrope-like compositions are mixtures
of E-1,1,1.4.4,4-hexafluoro-2-butene with
methyl formate, n-pentane, 2-methylbutane,,
trans-1,2-dichloroethylene, 1,1,1,3,3-pentafluo-
ropropane, n-butane or isobutane. Also disclosed
is a process of preparing a thermoplastic or
thermoset foam by using such azeotropic
or azeotrope-like compositions as blowing
agents. Also disclosed is a process of producing
refrigeration by wusing such azeotropic or
azeotrope-like compositions. Also disclosed is a
process of using such azeotropic or azeotrope-like
compositions as solvents. Also disclosed is a
process of producing an aerosol product by using
such azeotropic or azeotrope-like compositions.
Also disclosed is a process of using such
azeotropic or azeotrope-like compositions as heat
transfer media. Also disclosed is a process of
extinguishing or suppressing a fire by using such
azeotropic or azeotrope-like compositions. Also
disclosed is a process of using such azeotropic or
azeotrope-like compositions as dielectrics.
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TITLE OF INVENTION

AZEOTROPIC AND AZEQTROPE-LIKE COMPOSITIONS OF
E-1,1,1.4,4 4-HEXAFLUORQ-2-BUTENE
This application claims priorty of U.S. Patent Applications
60/934199 and 60/934209 filed June 12, 2007, U.S. Patent Application
60/936082 filed June 18, 2007, U.S. Patent Application BO/3TEQ0 filed
September 8, 2007 , and U.S. Patent Application 60/993241 filed
September 11, 2007,

BACKGROUND QF THE INVENTION

Field of the Disclosure

The present disclosure relates 1o azeotropic or azeotrope-iike

compasitions of £-1,1,1,4,4,4-hexaflucro-2-butene.

Description of Related Art

Many industries have been working for the past few decades to find
replacements for the ozone depleting chiorofiucrocarbons (DFGS) and
hydrochiorofluorocarbons (HCFCs). The CFCs and HCFCs have been

v

employed in a wide range of applications, including their use as aerosol

propeliants, refrigerants, cleaning agents, expansion agents for

dielectrics, fire extinguishing and suppression agents, power cycle working

fluids, polymerization media, particulate removal fluids, carrier fluids,

buffing abrasive agents, and displacement drying agents. In the search

turned to the use of hydrofluorocarbons (HFCs).

The HFCs do not contribute fo the destruction of stratosphenc
ozone, but are of concern due to their contribution to the “greenhouse
effect”, L.e., they contribute o global warming. As a result of their
contribution {o global warming, the HFUs have come under scrutiny, and

PCT/US2008/066621
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their widespread use may also be limited in the future. Thus, there is a

need for compositions that do not contribute to the destruction of
stratosphenc ozone and also have low global warming potentials (GWPs).
Certain hydrafiuorpolefing, such as 1.1,1 -A-;.i.@,i.@he&:xaﬂiuoms;ghuteﬁe.
(CF:CH=CHUF,, FC-1338mzz), are believed to meet both goals.

SUMMARY OF THE INVENTION

..........................................................................

This application includes saven different types of azeolrapic or
azeotrope-iike mixtures.

This disclosure provides a composition consisting essentially of {a)
E-FC-1336m

zz and (b} methy! formate; whersin the methyl formate is
FC-1336mze.

This disclosure also provides a composition consisting essentially
of {a} E-FC-1338mzz and (b) n-pentane; wherein the n-pentane is present
in an effective amount to form an azeotropic or azeotrope-like mixiure with
E-FC-1336mzz.

This disclosure also provides a composition consisting essentiafly
of (a) E-FC-1336mzz and (b} 2-methylbutane (isopentane); wherein the

sopentaneg is present in an effective amount to form an azeolropic or

........

This disclosure also provides 8 composihion consisting sssentially
of (a} E-FC-1336mez and {b) trans-1,2-dichiorgethylens; wherein the
trans-1,2-dichlorosthylene is present in an effective amount fo form an
azsotrope-ike mixture with E-FC-1336mez.

This disclosure also provides a composition consisting essentially
of (a) E-FC-1336mzz and (b} 1,1,1,3,3-pentafluoropropane (CFCHaCFH,
HFC-2451fa); wherein the HFC-245fa is present in an effective amount to
form an azeotrope-ike mixture with E-FC-1336mzz.

L
er

The disclosure also provides a compuosition consisting essentially of
eﬁeﬁttma amout to form an azeotiopic of azeotrope-itke mixture with &-
FC-1336mzz.
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The disclosure also provides s composition consisting essentially of
(a) E-FC-1338mzz and {b) 2-methyl-propane {iscbutane}; wherein the 2-
methyipropane is present in an effective amount to form an azeotropic or

azeotrope-like mixture with E-FC-1338mzz.
BRIEF SUMMARY OF THE DRAWINGS
FIG. 1-FIG. 1 is a graphical representation of azeotrope-hke
compositions consisting sssentially of E-FC-1336mzz and methyi formate
at a temperature of about 20.0 °C.
HG. 2 - FIG. 2 s a graphical representation of an azeotrope and

azeotrope-like compositions consisting essentially of E-FC-1338mzz and

n~pentans at a temperature of about 20.0 °C.
FIG. 3 - FIG. 3 is a graphical representation of an azeotrope and
isopentane at a temperature of about 20.0 °C.

FIG. 4 - FIG. 4 is a graphical representation of azeotrope-fike

compasitions consisting essentially of E-FC-1336mzz and trans-1,2-
dichloroethylene al a temperature of about 20.0 °C.

FIG. & - FIG. 5is a graphical representation of azeotrope-ike
compositions consisting essentially of E-FC-1386mzz and HFG-245fa at a
femperature of about 20.0 °C.
azeotrope-hike composifions consisting essentiatly of E-FG-1336mzz and
n-butane at a temperalure of about 20.0 °C.
azeotrope-like compositions consisting essentially of E-FC-1338mzz and
isobutane at a temperature of about 20.0°C.

DETAILED DESCRIPTION OF THE INVENTION

in many applications, the use of 8 pure single component or an
azeotropic or azeotrope-like mixture is desirable. For example, when a
blowing agent compasition (also known as foam expansion agents or foam
expansim compaositions} is ot a pure single component or an azeotropic
or azeotrope-like mixture, the composition may change during s
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application in the foam forming process. Such change in composition
could detrimentally affect processing or cause poor performance in the

application. Also, in refrigeration applications, a refrigerant is often lost
joints and broken lines. In addition, the refrigerant may be released to the
atmosphere during maintenance procedures on refrigeration equipment. if
the refrigerant is not a pure single component or an azealrepic o
azeotrope-ike composition, the refrigerant compaosition may change when
‘The change in refrigerant composition may cause the refnigerant o
become flammable or to have poor refrigeration performance. Accordingly,
there is a need for using azeolropic or azeolrope-like mixtures in these
and other applications, for example azeotropic or azeotrope-ike mixtures
containing £-1.1.1.4 4 A-hexafluoro-2-butene (E-CFsCH=CHCF,, E-FC-
1338mz2).

Before addressing details of embodiments described below, some
terms are defined or dlarified.

FC-1336mzz may exist as one of two configurational isomers, £ or
7. FC-1338mazz as used herein refers to the isomers, Z-FC-1336mzz or
E-FC-1338mez, as well as any combinations or mixtures of such isomers.

N L.

As used herein, the tenms "comprises,” "comprising,” "includes,”

------

or apparatus that comprises a list of elements is not necessarily limited {o
anty those elements but may include other slements not expressly listed or
inherent to such process, method, article, or apparatus. Further, unless
expressly stated to the contrary, “or” refers 1o an inclusive or and not to an
exclusive or. For example, a condition A or B is salisfied by any one of the
following: A is true {or present) and B is false (or not present}, A is false
(or not present) and B is true {or present), and both A and B are true {or
prasent).

rrrrr

components described 'he.;‘f&iﬂ, Thi;s,iss gone merely for converiance and 1o
give a general sense of the scope of ihe mvention, This description
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should be read to include one or at least one and the singular also
includes the plural unless it is obvious that it is meant otherwisa.

Unless otherwise defined, all technical and scientific terms used
hereirn have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. Although methods
and materials simdar or egudvalent 1o those descnbed herein can be used
in the practice or testing of embodiments of the present invention, suitable
applications, patents, and other references mentioned herein are
incorparated by reference in their entirety, unless a paricular passage is
cited. In case of conflict, the present specification, including dedinitions,
will control. by addition, the materials, methods, and examples ars
Hustrative only and not intended to be imiting.

E-FO-1336mzz is a known compound, and its preparation method
has been disclosed, for example, in Ciawmdi; et al., Journal of the
Chemical Society, Chemical Communications (1982), (12}, 696-8,
hereby incorporated by reference in s entirety.

This application includes azeotropic or azeotrope-like compositions
comprising E-FC-1338mzz.

in some embadiments of this invention, the composiion consists.

essentially of (@) E-FC-1336mzz and (b) methyl formate; wherein the
mixture with E-FC~1336mzz.

in some embodiments of this invention, the composition consisis
essentially of (&) E-FC-1338mzz and {b) n-pentane; wherein the n-pentane
is present in an effective amount to form an azeotropic or azeotrope-like
mixiure with E-FC-1336mzz.

isopentane is present in an effective amount to form an azeotropic or
areotrope-like mixture with E-FC-1336mzz.

essentially of (a) E-FC-1336mzz and (b) trans-1 2-dichloroethylene;

PCT/US2008/066621
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wharein the trans-1,2-dich tamethy ane is present in an effective amount 1o
form an azeotrope-like mixture with E-FC-1336mez.

In some embodiments of this invention, the composition consists
essentially of (a) E-FC-1336mzz and (b) HFC-245fa; wherein the HFC-
2453 is present in an effective amount to form an azeotrope-like mixture
with E-FC-1336mzz.

it some embodiments of this invention, the composition consists
assentially of (a) B-FC-1336mzz and (b) n-butang; wherain the n-butane is
presert wy an effective amourit to fonm an azeotropic of azeotrope-like
mixture with E-FC-1336mzz.

in some embodiments of this invention, the compasition consists
-essemi:aifiy @f{f:a ’}_ E~FC~~’S'33€ME@ and {b} 2~mﬁtihyi~;3raﬁan& {?fis@hutane;};

azegtropic of azes:)-tmp-eeiz-&em xtures with E-FC-1336mzz.

By effective amount is meant an amount, which, when combined
with E-FO- ’33&6{1‘122. results in the formation of an Zeoiropic or

azeotrope-like -mmture This defintion includes the amounis of each
cemaaneni which amounts may vary depending on the pressure applied
o the cnmpasmon 80 fong as the azeotropic or azeotrope-ike
CoOmposi Hions continue o exist at the different pressures, but with nossible
different hoifing pots. Therefore, effactive amount includes the amounts,
such as may be expressed in weight or mole percentages, of each
component of the compositions of the instant invention which form
azeolropic or azeolrope-ike compositions al tlemperatures or prassures
other than as described herein,

As recognized in the art, an azectropic composition s an admixture
of two o more different c@mwnemg which, when in I;qu id form under 3
gwen: prassure, will boil at a substantially constant t@mpefatufe,% which

temperature may be higher or lower than the boiling temperatures of the

individuat mmpenents and which will provide a vapor composition

essentially enthical o the overall hquid composition undergoing baiting.
(see, 2.g., M. F. Doherty and M.F. Malone, Conceptual Design of

Distilation Syﬁtefms McGraw-Hill {New Y@rk} 2001, 185-186. 351 “’*“’i‘v‘*}
Accordingly, the essential features of an azeotmpm mmpm Hon are

that at a given pressure, the .batsﬂmg paint of the § .-dea-wm‘p@s_ﬁ&n is fixed

and that the composition of the vapor above the bolling composition is

PCT/US2008/066621
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essentiglly that of the overall boiling liguid composition (ie., no
fractionation of the components of the liquid composition takes place). Itis
also recognized in the art that both the boiling point and the weight
-thnge.w&en the azeotropic composihion i3 suiﬁéasteﬁ {o botiing ';a:t.-t:ijiffé:rem
pressures. Thus, an azeolropic composition may be defined in terms of
the unique relalionship that exists among the compaonents or i terms of
the compositional ranges of the componants or in terms of exadct weight

percentages of each component of the compaosition characterized by a

fixed boiling point at a specified pressure.

Far the purpose of this invention, an azeotrope-like compasition
means a composition that behaves like an gzeotropic composition {i.e.,
has constant boiling characteristics or a tendency not o fractionate upon
boiling or evaporation). Hence, dunng bailing or evaporation, the vapor
and fiquid compositions, if they change at all, change only to a minimat or
negligible extent. This is to be contrasted with non-azeotrope-like
compasitions in which during bailing or evaporation, the vapor and liquid
compositions change to a substantial degree.

Aﬁfdifi@ﬁaily, azeotrope-like compositions axhibst dew point pressure
and bubble point pressure with virtually no pressure differential. Thatis to
say that the difference in the dew point pressure and bubble point
oressiire at a given temperature will be a small value. In this invention,
compositions with a difference in dew point pressure and bubble point
pressure of less than or equal to b percent (based upaon the bubble point
pressure) is considered to be azeotrope-ike.

{tis recognized in this field that when the relative volatility of a
system approaches 1.0, the system is defined as forming an azeotropic or
azeotrope-fike composition. Relative volatility is the ratio of the volatility of
component 1 to the volatility of component 2. The ratio of the mole fraction
of a component in vapor to that in liquid is the volatility of the component.

To determine the relaive volatility of any two compounds, a method
known as the PTx method can be used. in this procedurs, the {otal

absolute pressure in a cell of knowrt volume ts measured at & constant

PCT/US2008/066621
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temperature for various compositions of the two compounds. Use of the
PTx Method is described in detail in "Phase Equilibrium in Process
Design”, Wiley-Interscience Publisher, 1970, written by Harold R. Null, on

pages 124 1o 128 hereby -Eiéncg;f;:}t}rate by referance.

These measurements can be converted into equilibrium vapor and
liguid compositions in the PTx cell by using an activily -ceefficienté wation
maodsl, such as the Non-Random, Two-Liguid (NRTL) equation, to
represent liguid phase nonidealiies. Use of an activity coefficient equation,
such as the NRTL equation is described in detall in "The Properties of
Gases and Liquids,” 4th edition, published by McGraw Hill, written by
Reid, Prausnitz and Poling, on pages 241 to 387, and in "Phase Equilibna
in Chemical Engineering,” published by Butterworth Publishers, 1985,
written by Stanley M. Walas, pages 165 fo 244. Both aforementioned
refersnces are heredy ncarporated by reference. Without wishing to de

together with the Pix cell dala, can sufficiently predict the relative

volatdities of the £-1,1,1,4 4 4-hexafluoro-2-butens~containing
behavior of these mixtures in multi-stage separation eguipmeant such as
distillation columns.

1t was found through experiments that E-FC-133Bmzz and n-

parntane form azeciropic or azeotrope-like compasitions.

To determine the relative volatility of this binary pair, the PTx
method described above was used. The fotal absolute pressure in a PTx
cell of known volume was measured at constant temperature for varicus

hinary compositions. These measurements were then reduced to

compasition consisting essentially of E-FC-1338mzz and n-pentane as

indicated by a mixture of about 84 6 mole % E-1,1,1.4 4 4-hexafluoro-2-
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butens and 15.4 mole % n-pentane having the highest pressure over the
range of compositions at this temperature. Based upon these findings, it
has been calculated that E-FC-1336mzz and n-pentane form azeotropic

compasitions ranging from about 82.2 mole percent to about 95.3 mole

percent E-FC-1336mzz and from about 178 mole percent to about 4.7

vvvvvv

mate parcent n-pentane {(which form azestropic compoasitions bothng at a

about 4.5 psia {31 kPa) to about 138 psia (851 kPa)). Some embaodiments
of azeotropic compositions are listed in Table 1.
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pentans may aiso be formed. Such azeotrope-like compaositions exist

like compositions are fisted in Table 3.

Table 2 Azeotrope-like compositions
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The total absolute pressure in a PTx call of known volume was measured
at constant temperature for various binary compositions. These
measurements ware then reducad to equilibtium vapor and liquid
compositions in the cell using the NRTL equation.

The-v.ag}m zpm%suremeasmeﬁ w'ewus;‘fhewmmsiiﬁms in ;}*;:h.e -P‘Tx-
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consisting essentially of E-1,1,1,4,4 4-hexafluoro-2-butene and methyl
formate at 20.0 °C, as indicated by mixtures of about 83 mole % to about
5 mole % methyl formate.
Some embodiments of azeotrope-like compositions are listed in
iable 4. Acdiional embodimenis of azectrope-tike compositions are
listed in Table &

10 Table 4. Azeotrope-like Compositions
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............................................................................................................................................................................

15
Weight % Range

 COMPONENTS TCC)

o e e e i i i i i i i i i 3

C E-FCA1336mes/Methyl formate | 40 S8-9%/1-2

. 1
\\\\\\\\\\\\.\.\\.\\\.\\%\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.‘.\\.\\\.\\\.\\\.\\\\\\.\\\\\\\\“ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

: 1
: . 3
- 1
. . . . . . - . e . I . 1 " . . . .
A ' N . ™y, k4 ¢ : ) : : - ol oYl
; : . . . = : .. . o * . . N B .{ 1 » " . .. . 1 ] ] : . :
. . . P . . ‘ .
\.\\\,\\,\.\\\.\.\\.\,\\.\\\.\,\\.\\.\.\,\\.\,\\.\\\.\\\.\\\\\\.\\\\.\\.\\\.\,\\.\\\.\\.\.\\\.\\\.\\\.\\\.\\\.\.\.\.\\\.\\\.\\.L\\\.\\\.\\\.\\\.\\.\.\.\\.\\\.\\\.\.\{\. \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ q
1

.‘. ’ . . 3 ’ " . & e t . . ."“'~." . N 1 :u ., . . : e \ | E " ' } .

L E-FCA1350meE/Methvi formate | 80 82 -B&/1-8

E FC-13386mezzeMethyl formate | 120 B87-89/1-13 ‘
-t osumzzivietny tommate | 14U SRR A

it was found through experiments that E-FC-133Bmzz and
isopentane form azeotropic ar azeotrope-ike compositions. To determine

20 the relabive volatility of this binary pair, the PTx method described above

was used. The total absolute pressure i & PTx cell of known volume was
measured at constant temperature for various binary compositions. These
measurements were then reduced to equilibrium vapor and liquid
compositions i the cell using the NRTL equation.
25 The vapor pressiure measured versus the compositions in the PTx

cell for E-FC-1336mzz/ isopentane mixture is shown in FIG. 3, which

11
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Hustrates graphically the formation of an azeotrope and azeotrope-like

compositions of £-1.1,1,4,4,4-hexafluoro-2-butene and isopentane at 20.0
°C, as mdwai&db}am;xture@famut??zmaie‘*ff. EH ‘?444

hexafliuora-2-butene and 22 & mole ©

pressure over the rangs Qf';'c:ﬁmpm;ztzcns a‘tthfs teﬂ*;p&f&&i f@'--

Based upon these findings, it has been caloulated that E-FC-

1336mzz and isopentane form azeotropic compasitions ranging from

about 75.1 mole parcent 1o about 85 .4 mole percent E-FC-1336mzz and

from about 24.9 mole percent {o ahout 4.6 mole percent isopentane {which

form azeotropic compositions hoiling at a temperature of from about -40 °C

to about 100 °C and at a 'preSsu,re- of freem about 1.6 psia {11 kPa} to about

218 psia (1503 kPa)). Some embodiments of azeotropic compositions are

listed in Table 6.

Table 8 Azeotropic compositions
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18

like compositions are listed in Table 7. Additional embodiments of

areotrope-iike compositions are listed in Table 8.

Table 7. Azeotrope-like Compositions

Waeight % Range
~54 81-84/6-19
¥ O 1 80-88/1-20
E-FC-1336mzz/isopentane | 40 | B0-89/1-20
 E-FC-1336mez/isopentane | 80 | 79-88/1-21
3 100 | 77-89/1-23
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it was found through expernments that E-FG-13536mzz and trans-
1. 2-dichiorsthylens form azeoirope-ike compositions, To determine the
relative volatility of this binary pair, the PTx method described above was
used. The total absolute pressure in a PTx celf of known volume was
measured at constant temperature for various binary compositions. These
meastrements were then reduced to equilibrium vapor and liguid
compositions in the cell using the NRTL equation.

The vapor pressure measwred versus the compositions in the PTx
cedl for E-FC-1336mzz/ trans-1,2-dichiorosthylene mixture is shown in
a-fike

compositions of £-1,1,1.4 4 4-hexafluoro-2-butene and trans-1,2-

dichloroethylene at 20.0 °C, as indicated by mixtures comprised of about

84 mote % to about 88 mole % BE-1336mezz and from about 16 0 about 1

miale % trans-1 2-dichiorosthyiene.

Some embodiments of azaotrope-like compositions are listad in
Table 9. Additional embodiments of azeotrope-like compositions are listed
in Table 10.
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it was found through experiments that E-FC-1338mzz and HFC-
245fa form azeotrope-ike compositions. To determine the relative
volatility of this binary pair, the PTx method described above was used.
at constant temperature for various binary compositions. These
measuremanis ware then reduced 1o equildrium vapor and iguid
compositions in the cell using the NRTL eguation.

The vapor pressure measured versus the compositions in the Pix
cell for E-FC-~1336mzz/ HFC-245fa mixture is shown in FIG. 5§, whigh
Hustrates graphically the formation of azectrope-like compositions of E-
1.1.1.4,4 4-hexafluora-2-butene and HFC-245fa at 20.0 °C, as indicated

and about 99 to 1 mole % HFC-245fa.

Some embodiments of azeotrope-like compositions are flisted in
Table 11, Additional embodiments of azeotrope-like compositions are
listed in Table 12.
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it was found through expernments that E-FC-1336mzz and n-butane
form azemrmi?c or az:emropeﬁ-iizﬂffe mmpﬁs‘mng Tie« :d?ﬁ-te:rmiﬁaithée'-r-eiaﬁw
The, wtﬁai beﬁSQ iute pressu f&. in a PT}: Q&@Eﬁ} ijknfc}wnvcsiaume WaS mea&meci
at consiant temperature for vanous binary compaostions. These

measurements were then reduced to equilibrium vapor and liguid

compositions in the cell using the NKTL eguation,

The vapor pressure measured versus the compaositions in the PTx

call for E-FC-1336mzz/n-butane mixture is shown in FIG. 6, which

Hustrates graphically the formation of an azeotropic composition of £-
1.1,1.4.4 4-hexafluoro-2-butene and cyclopentane at 20.0 °C, as indicated

by a mixture of about 38.1 mole % E-1.1.1,44 4-hexafluoro-2-butene and

61.8 mole % n-butane having the hi q*xast pressure over the range of

compositions at this temperatwre.

Based upon these findings. i has been calculated that E-FC-
-‘i‘iﬁB’amzz and n-hutane -f@rm azie:'tmpicﬁ mzmp@:ssiﬁms ra‘mqim;-fmmaﬁmut
abm;_ssi ?65 _m@ie ;pe;tcemia 'a;bm.ugt.,,ﬁjzf ;., mole percent n-snutane{i\_ﬁffhic’h form
azeotropic compositions bofing at a temperature of from -ajbcs::.itimdﬁf“& o
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about 100 °C and at a pressure of from about 3.0 psia (21 kPa) to about
277 psia (1910 kPa)). Some embodiments of azeotropic compositions are
hsted in Table 13,

. AEIRSG Azeotropic — E-FC-1336mzz  n-butane
Temperature ("C}  Pressure (psia)  (mole %) (mole %)

40 30 20 5% 70.5%
-30 51 31.3% 88.7%
~20 B2 33.0% 87.0%
-10 12.7 34.5% 85 5%
O 12.0 35.8% 64 2%
10 274 37 0% 63.0%
20 38.3 3B.1% 81.9%
30 52.3 39.2% 80.8%
40 63.7 40.2% 08.8%
50 91 41.2% 58.8%
50 116.8 AR 2% 57 8%
70 147 8 43.3% 58.7%
80 183.9 44.4% 55 6%
90 228.5 45 7% 54.3%
100 2766 47 2% £2 8%

R

ke compositions are listed in Table 14. Additional embodimenis of
azeotrope-like compositions are listed in Table 15

Table 14. Azeotrope-iike Compositions

 COMPONENTS LT Weight % Range
E-FC-1336mzz/n-butane | 40 | 38-64/36-62
 E-FC-1336mezinbutane | 0 | 44.72/28-58
E-FC-1336mzz/n-butane | 40 | 1-13/87-83 and 43-80/20-57 |
? | | and 98-99/1-2
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E ‘FC i336mzafn~butane 80-72/28-50

..................................................................................................................................................................

10-13/87-8Q
and 43-80/20-57

10-80/10-80

k| . . s
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

EuFC‘? 38mzzm~buiane~ 100 10-80/10-80

was found through experimenis that E-FC-1330mezz and
isabutane form 8ze@tm;3i*¢, QF axeatr@ipeﬁiiikﬁ'ccamms*itiamfs.. To :determm

......

measureﬁ. at.wn«st;ant:temperam;te-f for various ;t:‘s;ssaary compositions. These
measuremants were then reduced to equilibrium vapor and liguid
compositions in the cell using the NRTL equation.

The vapor pressure measured versus the compositions in the PTx
cell for E-FC-1338mzzfisobutane mixture is shown in FIG. 7, which
Hustrates graphically the formation of an azeotropic compaosition of E-

1.1 ;__,.*i 44 ,#eh@xafium‘@ezebuiané aﬁsd tf:yzc*:%iéa-pemane .a:i:j’ ?{}{) ﬂC,asf_indifcatejd

?b_s-;.:i mafa ‘z‘f‘a :as‘scsfbutane, hajw:ng ;tha--;h;gzhesst.wﬁssum- wer the mnge ,s:af

-mn:;;pas;tms atth;ts mmparame.

fiS-Bﬁimzand isabutane form -.azemmpte -Gﬂmﬁﬂ'ﬁmﬁﬂﬁf mﬁgzngfmm about

19.4 mole percent to about 32.4 mole percent E-FC-1338mzz and from

about 80.6 mole percent to about 67.8 male percent isobutane {which form

azeotropic compositions hoiling at a tempersature of from about 40 °C

about 80 °C and at a pressure of from about 4.5 psta (31 kPa) to about

218 psia (1503 kPa)). Some embodiments of azeotropic compositions are

listed in Table 186.
Table 16, Azeotropic Compositions

E“i:{:“ 1 338 fﬁzz
{mole %)

isobutane
{mole %)

Azeotropic
Pressiure
{psia)

Azeotropic
Temperature {°C)

~44
~30
-20

~10

10

4.5

7.3
115
172
22.0
35.2

17

19.4%

20.3%

21.2%
22 1:‘!‘}

23.0%

24 0%

80.6%

FALA 7%~
78.8%
77.9%
77 0%

78.0%
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48 4
64.9
85.3

1101

14G.0

175.7

24 9%

25 8%

27 0%

28.1%
29 3%

30.7%
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75 1%
74.1%

?‘3;@1‘3"5

?Q
89, 3%:

21822 32 4% 67 6%

.Adciiﬁmnaii:y 839@@@@@45@& e@mpa‘siﬁmﬁs c@masiérsi:n@ EF(}’% :B-S.G'smz:z:

exist around me@:tmp.zc.{:@mpmman& 80meaammdimants of azeotrope-

ike compositions are listad in Table 17. Additional embodiments of
azeotrope-like compositions are listed in Table 18.
ositions

Table 17. Azeotrope-fike Com

wmmmmm

E F(\* H 3353 mz;zf *5ﬁbuta nemm
E-FC-1336mzz/isobutane | 40 | 1-68.8/31.2-98
Ew F{,« ? 3 35 mzzf ism i:: u ,ta ne . T D 1 73 7 21 3 g g

95 1 - 82 8:1 4 ‘QQ :

...............................................................................................................................................................................

Tabie _Azeotrope-tike Com sasition

- Weight Range,
‘ CQM F‘Q N?EN’TS Pre’fwreé

..................................................................................................................................................................

..................................................................................................................................................................

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

The azeotropic or azeotrope-iike compaositions of the present
invention can be prepared by any convenient method including xing or

combining the desired amounis. in one embodiment of this invention, an

azeotropic or azeotrope-ike composition can be prepared by weighing the

desired component amounts and thereafter combirning themt in an

appropriate container.
The azeotropic or azeotrope-ike compositions of the present
invention can b‘e used in a8 wide rang;esi:«flgppiic:a'ticns,*i.n:::iuéing their use

ageﬁis{ma_m eﬁxpansmn ags@nts} m‘r t.h'e;@'@mopias,tic.an‘d@ thermaset‘f@-ams}.

18
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20

25

heat transfer media, gaseous dislectrics, fire extinguishing and
suppression agents, power cycle working fluids, polymerization media,
particulate removal fuids, carnier fiuids, buffing abrasive agents, and
displacement drying agents.

One embadiment of this invention provides a process for preparing
a thermoplasfic or thermoset foam. The process comprises using an
azectropic or azeotrope-like composition as a blowing agent, wherein said
azeotropic or azeotrope-ike composition consists assentially of £~
1,1,1.4 4 4-hexafluoro-2-hutene and a componant selected from the group
consisting of methyl formate, n-pentane, 2-methylbutane, | trans-1.2-

dichlarogthyiene, 1,1,1,3,3-pentafiucropropane, n-butane and isobidane.

Another embodiment of this invention provides a process for
producing refrigeration. The process comprises condensing an azeotropic
or azeotrope-like compaosition in the vicinity of the body to be cooled,
wherein said azeotropic or azeotrope-like composition consists essentially
of £-1,1,1.4,4 4-hexafluoro-2-butene and a component selected from the
group consisting of methy! formate, n-pentane, 2-methylbutane, | trans-
1.2-dichiorosthylene, 1,1,1,3 3-pentaflucropropane. n-butane and
isobutane.

Another embodiment of this invention provides a process using an

1,1.1.4,4 4-hexafluore-2-butene and a component selected from the group
congisting of methyl formate, n-pentane, 2-methylbutane, | trans-1,2-
dichlorgethylene, 1,1,1.3 3-pentaflucropropane, n-butans and iscbutane.

Another embodiment of this inventon provides a process for
producing an aerosol product. The process comprises using an azeotropic
or azeolrope-iike composition as a propellant, wherein said azeotropic or
areotrope-like composition consists essentially of £-1,1,1,4.4 4-
hexafluore-2-butene and a component selected from the group consisting
of methy! formate, n-pentane, 2-methylbutane, | trans-1,2-

dichloroethylene, 1,1,1.3.3-pentafluoropropane, n-butane and iscbutane.

19
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Another embodiment of this invention provides a process using an
azeotropic or azeotrope-iike composition as a heat transfer media,
wherein said azeotiopic or azeotrope-like compasition consists essentially
of £-1,1,1.4 4 4-hexafluoro-2-butens and a component selected from the
group ;@@-.n:Sistizr;g of mia:isihy! formate, n-pentane, 2-metnhyibutane, 1, trans-

1. 2-dichioroathylene, 1.1,1.3.3-pentafluoropropane, n-butane and
sobutane.

Anocther embodiment of this invention provides a process for
axtinguishing or suppressing a fire. The process comprises using an
azeotropic or azectrope-ike composition as a fire extinguishing or
suppression agent, wherain said azeotropic or azectrope-like composition
selected from the group consisting of methy! formate, n-pentane, 2-
methylbutane, trans-1,2-dichloroethylene, 1,1,1,3,3-pentafluoropropane, n-
butane and isobutane,

Another embodiment of this invention provides a process using an
azeotropic o1 azeotrope-like composition as dielectrics, wherein said
azeotropic or azeofrope-like composition consists essentially of E-
1.1.1.4.4 4-hexafluoro-2-butene and a component selected from the group
consisting of methy! formale, n-pentane, 2-methylbutane, | trans-1,2-

dichioroethviens, 1,1,1,3.3-pentaflucropropane, n-butane and isocbutane.

20
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CLAIMS

1. A composition consisting essentially of.
{a} Eﬁi ?,1,4 4 é“hexaﬁuerwz butene and

eﬁectwe amousm' o -fefrm an azeatwspﬁflzake- .mmai;m w;th' the .Ea
1.1.1.4.4 4-hexatluoro-Z2-butene.
2. A composition consisting essentially of:

() E-1.1.1.4 4 d-hexafluoro-2-butene: and
(23} napemane wherain the n- p@ﬂtaﬂe IS present in an effective

1 exaﬂ LIQF Qwﬁwb-m R,
3. A composition consisting essentially of;
{a} E@-‘“i "? 1'44e¢-hexaﬁuem4~2 buieﬂ& anﬁ
am@u ;‘t_t {0 ft}m'i an azeatra-p&el@ke mmb;natmn--mt.i‘:@-;the_ E-1.1.1 444-~
hexafluoro-2-butene.

.{_a} E ‘i ‘i 1 ,zdﬁ,dnhexaﬁuem—z buten&j aﬂﬁ
{b} '2.;2};-met.h;y§bfu.tane-" wherain the 29me‘fti‘:'y!:butame i.s':per&s;entm an

hexafluorp-2-butene.
8. A composition consisting essentially of:

(a) B-1,1,1.4 4, 4-hexafiuoro-2-butene; and ‘
*’i'b? iﬁﬁnfa&thzyibutana‘ wherein ?t'f‘;e'-ﬁ*methyibutane i.ss-psres-em!in an

1.1 1 44 ,24-»3!3;3:(3’?1u@r@eﬁfbute ne,

8. A wmpasitian consisting essentially of;
{a} E-1.1, 1.4 4 4-hexafluoro-2-butene; and
gb} rans- 1E-dsci§§ar‘o@thyiené wherem the frans-1.2-

dichloroathylene is prasent in an effective amount to fmm an azeotrope-
like: combination with the E-1,1,1,4,4,4-hexafluora-2-butene.

7. A compaosition consisting essentially of.
(a) £-1,1.1.4 4 4-hexafluoro-2-butene; and

21
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{b) 1,1.1,3,3-pentafluoropropane; wherein the 1,1,13.3
pentafluoropropane is present in an effective amount to form an
azeotrope-iike combination with the E-1,1,1,44 4-hexafluoro-2-butene.

8. A composition consisting essentially of:

(@) E-1,1,1,4 4 4-hexafiuoro-2-butene; and
(b} n-butane; wherein the n-butane is present in an effective

amount to form an azeotropic combination with the E-1,1,1.4 4 4-

hexafluora-2-butene.

8. A composition consisting essentially of;
() £-1,1,1,4 4 4-hexafiuoro-2-butens; and _
(0} n-butane; wherein the n-butane is present in an effective
amount to form an azeotrope-like combination with the E-1,1,1,4,4.4-

hexafluora-2-butene.

10. A composition consisting essentially of:
() £-1.1,1,4,4 4-hexafluoro-2-butene; and _
(b} isobutane; wherein the isobutane is present in an effective

amﬂur}t'tt}"fafm-aﬂ:{azei::}trz:){piﬁc:ombinatian with the E-1,1,1.4.4.4-

hexafiuore-2-butene.

11. A composition consisting essentially of:
(a) E-1.1,1,4,4 4-hexafluoro-2-butene; and -
(b} isobutane; wherein the isobutane is present in an effective

amount to form an azeotrope-like combination with the E-1,1,1,4.4.4-

hexafluoro-2-butens.
1 A process for preparnng a thermaoplastic or thermoset foam
comprising using an azeotropic or azeolrope-ike compasition as a
DIowing agent, wherein said azeotropic of azeptrope-iike
composition consisis essenbially of £-1,1,1.4 4 4-hexaftuoro-2-
methyl formate, n-pentane, 2-methylbutane, trans-1,2-
dichloroethylene, 1,1,1.3 3-pentafluoropropane, n-butane and
isobutans,
13.A process for producing refrigeration comprising condensing an
evaporating said azeotropic or azeotrope-like composition in the
vicinity of the body to be cooled, wherein said azeotropic or

22
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azaotrope-tike -cmfn;wsitm cansists essemﬁaﬂiiy'ﬂfEﬁzﬁz 4,144 4

hexafluore-2-butene and & component selected from the group

consisting of methyl formate, n-pentane, 2-methylbutane, trans-

1, 2-dichloroethylene, 1,1,1,3,3-pentafiioropropane, n-butane and
2 isobutane,

14. A process comprising using an azestropic or azectrope-iike
composition as a solvent, wherain said gzeolrapic or azeotrope-
ke composition consists assentially of £-1,1,1.4 4 4-hexafluoro-2-
butens and a component selacted from the group consisting of

10 methyl formate, n-pentane, d-methyibutane, trans-1,2-
dichlarogthylense, 1,1,1,3,3-pentafiucropropane, n-butane and
isobutans.

16, A process for producing an asrosal product comprising using an

azeotropic o azeotrope-ike compaosition as a propeliant, wherein

15 said azeotropic or azeotrope-like composition consists essentially
of E-1.1,1,4,4,4-hexafluoro-2-butene and a component selected
from the group consisting of methy! formate, n-pentane, 2-
methylbulane, trans-1,2-dichioroethylene, 1,1,1,3.3-

28 10.A process comprising using an azeolropic or azeotrope-like
composition as a heat transfer media, wherein said azeotropic or

azeotrope-ike composiion consists essentially of £-1,1,1,4.4 4~

consisting af'mw formate, n-pentang, 2-methytbutane, trans-
25 1.2-dichloroethylene, 1,1,1,3.3-pentafluoropropane, n-butane and
isobutans.

17.A process for extinguishing or suppressing a fire comprising
using an azeotropic or azeotrope-iike composition as a fire
extinguishing or suppression agent, wherein said azeotropic or

30 azeotrope-like composition consists essentially of £-1,1,1,4.4 4-
hexafluore-2-butene and & component selected from the group
congisting of methyl formate, n-pentane, 2-methyltbutane, trans-
"’i,.'{;Eaciiahiﬁfcefihyiiena;; 1.1.1.3 . 3-pentafluoropropane, n-putane and
isobutane.
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18.A process comprising using an azeotropic or azeotrope-like
composition as dielectrics, wherein said azeotropic or azeotropse-
ike composition consists essentially of £-1,1,1,4 4 4-hexafiuoro-2-
butene and a component selected from the group consisting of
methyl formate, n-pentane, 2-methylbutane, trans-1,2-
dichloroethylens, 1.1,1.3 3-pentaflucropropane, n-butane and
sobutane.
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FIGURE 1. E-FC-1336mzz and
Methyl Formate at 20 C
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Figure 2. E-FC-1336mzz and
n-Pentane at 20 C
5
G0 pmesenos s
25 | o g
S
)
10 o 20
O
-
—
A
& 15
-
o
10
15
5
0 0.2 04 0.6 0.8 1
Mole fraction n-Pentane
20
25

30



CA 02684290 2009-10-15

PCT/US2008/066621

WO 2008/154612

Figure 3. E-FC-1336mzz and Isopentane
at 20.0 C
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WO 2008/154612
Figure 4. E-FC-1336mzz and
trans-1,2-Dichloroethylene at
20.0 C
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Figure 5. E-FC-1336mzz and HFC-245fa
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FIGURE 6. E-FC-1336mzz and
n-Butane at 20 C
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Methyl Formate at 20 C
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