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15 The present disclosure relates to azeotropic or azeotrope-like
compositions of Z-1,1,1,4,4,4-hexafluoro-2-butene.

Description of Related Art
Many industries have been working for the past few decades to find
20 replacements for the ozone depleting chlorofluorocarbons (CFCs) and
hydrochloroﬂudrocarbons (HCFCs). The CFCs and HCFCs have been
employed in a wide range of applications, including their use as aerosol
- propellants, refrigerants, cleaning agents, expansion agents for
thermoplastic and thermosef foams, heat transfer media, gaseous
25 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
for repiacements for these versatile compounds, many industries have
turned to the use of hydrofluorocarbons (HFCs). ‘
30 The HFCs do not contribute to the destruction of stratospheric
ozone, but are of concern due to their contribution to the "greenhouse
 effect", i.e., they contribute to global warming. As a result of their

contribution to global warming, the HFCs have come under scrutiny, and
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mixture with Z-FC-1336mzz.

This disclosure also provides a composition consisting essentfally
of (a) Z-FC-1336mzz and (b) pentane; wherein the pentane is present in
an effective amount to form an azeotropic or azeotrope-like mixture with Z-
FC-1336mazz. ‘

This disclosure also provides a compoéition consisting essentially
of (a) Z-FC-1336mzz and (b) 2-methylbutane (isopentane); wherein the
isopentane is present in an effective amount to form an azeotropic or
azeotrope-like mixture with Z-FC-1336mzz.

This disclosure also provides a composition consisting essentially
of (a) Z-FC-1336mzz and (b) 1,1,1,3,3-pentafluorobutane
(CF3CH2CF;CHaj, HFC-365mfc); wherein the HFC-365mfc is present in an
effective amount to form an azeotrope-like mixture with Z-FC-1336mzz.

This disclosure also provides a composition consisting essentially
of (a) Z-FC-1336mzz and (b) trans-1,2-dichloroethylene; wherein the
trans-1,2-dichloroethylene is presehf in an effective amount to form an
azeotropic or azeotrope-like mixture with Z-FC-1336mzz.

This disclosure also provides a composition consisting essentially
of (a) Z-FC-1336mzz and (b) 1,1,1,3,3-pentafluoropropane (CF3CH,CF2H ,

2



an effective anount to forman azeotropic or
azeotrope-like mxture with ZFC 1 336nzz. This
waoele@shia®er e al so provi des a conposition consi SPCTS2008/005481

e pablof Shofch s FROSASTER 19Bdalh 4 RLENLURAN o

(|sopentan erein ' Sope ane i'S préseén
ef farot anazautmpe like mmtureamtrazmﬂdﬁﬁmzzr

t [ ik t th Z-FC-1 336nzz [
i scl oshE GFSIBSHiGAREETOUES AeRTPPIHOR GraP g gssentill

esae(a)lzalrbm%srhﬁi a%d'iﬁﬁuﬁé@%&cgn%ﬂ?ar{é;{:cc@ § rszo’e:Ha,

3- pent af | uor obut ane
5 vmmeélﬂwat)hwhamn 85 diroethoxpmethane isrprasent ihcan eﬁfectnve

| Z-FC- 1
SoRint B rhlRA R-BAfPREIRE st e 2 G bt on
COHSI st This @S@I@Btjreﬂhlsb pﬂbwﬁék azcd?ﬁpé&ﬁ@ﬁ%ﬁs%ﬂﬁg(&)sentially
trans-1 , 2-di chl oroet S86p)ene whereln the trans

20H(adrﬂ Eﬂo&méa@m ceglenenianede-GeH el whareimthent

f mxture wth.

- PGB BRE3E B R8T 3, SRR RS (Pt sPifzetivbic or
10 coapestrépe-ike migiusé with 2N B86MzYy. of (a) Z-FC 1336nez

and (b) 1,1, 1,3, 3-pentafl uoropropane (CF3CH2CF2H

, HFC- 245fa); wherein the HFC-245fa is present in an
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wherei n the di nethoxynethane is present in an
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azeotrope-like composmons consisting essentially of Z-FC-1336mzz and

methyl formate at a temperature of about 50.1 °C.

FIG.2-FIG. 2is a graphical representation of an azeotrope and
20 azeotrope-like compositions consisting essentially of Z-FC-1336mzz and

pentane at a temperature of about 19.9 °C.

FIG. 3 - FIG. 3 is a graphical representation of an azeotrope and
azeotrope-like compositions consisting essentially of Z-FC-1336mzz and
25 isopentane at a temperature of about 19.9 °C.

FIG. 4 - FIG. 4 is a graphical representation of azeotrope-like
compositions consisting essentially of Z-FC-1336mzz and HFC-365mfc at
a temperature of about 50.0 °C.

30
FIG. 5 - FIG. § is a graphical representation of an azeotrope and
azeotrope-like compositions consisting essentially of Z-FC-1336mzz and

trans-1,2-dichloroethylene at a temperature of about 50.1 °C.
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In many applications, the use of a pure single component or an
azeotropic or azeotrope-like. mixture is desirable. For example, when a
blowing agent composition (also known as foam expansion agents or foam
exp'ansion compositions) is not a pUre single component or an azeotropic
or azeotrope-like mixture, the composition may change during its
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
during operation through leaks in shaft seals, hose connections, soldered
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 azeotropic or
azeotrope-like composition, the refrigerant composition may change when
leaked or discharged to the atmosphere from the refrigeration equipment.
‘The change in refrigerant composition may cause the refrigerant to
become flammable or to have poor refrigeration performance. Accordingly,
there is a need for using azeotropic or azeotrope-like mixtures in these

and other applications, for example azeotropic or azeotrope-like mixtures
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r eékp:@%é@rﬁta@@%%étdo%&awiyoﬁh@?é?@ tW@#ﬁncluswe or and not to an
exclusive or. For example, a condition A or B is satisfied 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
present).

Also, use of “a” or “an” are employed to describe elements and
components described herein. This is done merely for convenience and to
give a general sense of the scope of the invention. This description
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 otherwise.

Unless otherwise defined, all technical and scientific terms used
herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. Although methods
and materials similar or equivalent to those described herein can be used
in the practice or testing of embodiments of the present invention, suitable
methods and materials are described below. All publications, patent
applications, patents, and other references mentioned herein are
incorporated by reference in their entirety, unless a particular passage is

cited. In case of conflict, the present specification, including definitions,
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( omixtore priths2Q-138GmBzi s true (or present), and both

A and Blr‘? 'rsgmteréjr%bgg{ments of this invention, the composition consists
essentially of (a) Z-FC-1336mzz and (b) isopentane; wherein the
isopentane is present in-an effective amount to form an azeotropic or
azeotrope-like mixture with Z-FC-1336mzz.

In some embodiments of this invention, the composition consists

| essentially of (a) Z-FC-1336mzz and (b) HFC-365mfc; wherein the HFC-
365mfc is present in an effective amount to form an azeotrope-like mixture
with Z-FC-1336mzz. |

In some embodiments of this invention, the composition consists
essentially of (a) Z-FC-1336mzz and (b) trans-1,2-dichloroethylene;
wherein the trans-1,2-dichloroethylene is present in an effective amount to
form an azeotropic or azeotrope-like mixture with Z-FC-1336mzz.

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

' In some embodiments of this invention, the composition consists

essentially of (a) Z-FC-1336mzz and (b) dimethoxymethane; wherein the

6
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As recognized in the art, an azeotropic composition is an admixture
of two or more different components which, when in liquid form under a
20 given pressure, will boil at a substantially constant temperature, 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 overall liquid composition undergoing boiling.
(see, e.g., M. F. Doherty and M.F. Malone, Conceptual Design of
25 Distillation Systems, McGraw-Hill (New York), 2001, 185-186, 351-359).

Accordingly, the essential features of an azeotropic 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 boiling composition is

30 essentially that of the overall boiling liquid composition (i.e., 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
percentages of each component of the azeotropic composition may
change when the azeotropic composition is subjected to boiling at different

35 pressures. Thus, an azeotropic composition may be defined in terms of

the unique relationship that exists among the components or in terms of
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az gg)t/ rtr?gtethleldlfﬁerrgn)éte |rr1 ?héM dtepv ;)%Jlrft%r%asggr%wgnd bubble point
pressure at a given temperature will be a small value. In this invention,
compositibns with a difference in dew point pressure and bubble point
pressure of less than or equal to 5 percent (based upon the bubble point
pressure) is considered to be azeotrope-like.

It is 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-like 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 relative volatility of any two compounds, a
method known as the PTx method can be used. In this procedure, the total
absolute pressure in a cell of known volume is measured at a constant
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 to 126; hereby incorporated by reference.

These measurements can be converted into equilibrium vapor
and liquid compositions in the PTx cell by using an activity coefficient

equation model, such as the Non-Random, Two-Liquid (NRTL) equation,
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To determine the relative volatility of this binary pair, the PTx
method described above was used. The total absolute pressure in a 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 in the cell using the NRTL
equation.

The vapor pressure measured versus the compositions in the PTx
cell for Z-FC-1336mzz/methyl formate mixture is shown in FIG. 1, which
graphically illustrates the formation of an azeotropic and azeotrope-like
composition consisting essentially of Z-FC-1336mzz and methyl formate
as indicated by a mixture of about 20.4 mole % Z-1,1,1,4,4,4-hexafluoro-
2-butene and 79.6 mole % methyl formate having the highest pressure
over the range of compositions at this temperature. Based upon these
findings, it has been calculated that Z-FC-1336mzz and methyl formate
form azeotropic compositions ranging from about 25.4 mole percent to
about 15.6 mole percent Z-FC-1336mzz and from about 74.6 mole percent
to about 84.4 mole percent methyl formate (which form azeotropic
compositions boiling at a temperature of from about -20 °C to about 100
°C and at a pressure of from about 1.4 psia (10 kPa) to about 113 psia
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RAEthyl formate

Additionally, azeotrope-like compositions containing Z-FC-1336mzz and
methyl formate may also be formed. Such azeotrope-like compositions
exist around azeotropic compositions. Some embodiments of azeotrope-
like compositions are listed in Table 2. Additional embodiments of

10  azeotrope-like compositions are listed in Table 3
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For the purpose of this invention, an azeotrope-|ike

conposition nmeans a conposition that behaves |ike an
wW@2@ai89pi c conposition (i.e., has constant boPCT/H§2008/005481

characteristics or a tendency not to fractionate upon

boi ling or evaporation). Hence, during boiling or

evaporation, the vapor and liquid conpositions, if

they change at al_ll e onI .to a mnjml or

negli gi bl e ext ent= 8BS wi t h

non- ageotrope-1Ti Ke compositions [N whi chh during

boi l i hg or evaporati on, the vapof and |iquid

conpos e to a substanti-ab~dp

Addi t btd'ﬁsy, aze trope-1like conptgiﬂdoggg@ﬁfﬁr?e%\%
poi nt| pressure and bubbl e point pressufe w tRange
virtuplly no pressure differentipl. That is to say

t hat [ PeF QUBBEHEASRtRY | Foenat8W PP 1) Df eSSUR &Nt
bubbl g poi nt pressure ‘at a given| tenpefature w [l be a

[ 1
Zirr?f er%ﬂt@é%%Bﬁmiﬂ?M%tWY@’rﬂﬁeésthr e gﬁogubbﬁgﬁgégl/?]{ggd

press SS —tiati Q- —€qgya = eernt—thased
upon t%?%dg’gﬁg'%“hﬁ hyﬁlf%’é’i%?e) 29 nei deréWi:g;?e
azeot Fape—like i recognizedtin-this field that |
when &G él3§pfn\F@/M§ﬂ?3X"f@”ﬁ§;eof h 40st pm apprEHE1ess
1.0, he systemis defined as fofm ng An _azeotropic or
azeot | $RC113REmazMethyl formatrel af i 88 vbl at i 1:9%/1499 t he
ratioLof the volatility of conpopent 1{to the

vol at | ZiRG-18B6omzidetnt] f@&matee r at120 of t he1+89/¢-99
fract]jon of a conmponent in vapor|to that in liquid is
‘the volatility of the conponent. To determ ne the
relative volatility of any two conmpounds, a

5 Table 3 Azéotrope-like compositions
Weight Percentage

COMPONENTS T (°C) Range
Z-FC-1336mzz/Methyl formate -40 1 0-90l'1 0-90
Z-FC-1336mzz/Methyl formate 0 10-90/10-90
Z-FC-1336mzz/Methyl formate 20 10-90/10-90

-| Z-FC-1336mzz/Methyl formate 40 10-90/10-90
Z-FC-1336mzz/Methyl formate 80 10-90/10-90
Z-FC-1336mzz/Methyl formate 120 | 10-90/10-90

it was found through experiments that Z-FC-1336mzz and
10 pentane form azeotropic or azeotrope-like compositions. To determine the
relative volatility of this binary pair, the PTx method described above was

used. The total absolute pressure in a PTx cell of known volume was

11



nmet hod known as the PTx nethod can be used. In this
procedure, the total absolute pressure in a cell of

whp@sns4pel une i s neasured at a constant tenperPCT/US2008/005481
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Li §odpentang pt é@lgt(!lcbrﬁs wdisatenh by Byixtue ofakeuti50.0 mole %
367 M0 HeXanao@e tudnd B 504 e 3 pRARS A& e

Engighest prassure obef ﬂhaedari@ys FAuidreposiions AUbid Ehepsrature.
1985, witten by Stanley M Wal as, pages 165 to 244.

Bot h af orenenti oned references are hereby incorporated
by r dbasesheron thasedindingssfit has b@eb@almllﬁiadtﬂyataﬁfC 1336mzz

th he NRT,

SR tia BT APont el hohd Egh ol AT 2 more

subérccemm bbopt 58 |7cmoté1perrcehazwce 1336at2d and GBNPAbOMNES1.8
4, 4- hexaf | uor o- 2- but ene- cont ai ni ng

comﬂlg P@mﬁm t@fapr&%r?emﬁ P?Fﬁ%\ﬁpﬁatﬁ%@vm%bfm azeotropic
t h%&ﬁfp%'émo%%nﬂga%{‘& t&%g@YétBFe fréﬂ%eéc?odl‘ 34 “b%ﬁaz{tﬂaut 120

't -stage separation e uch as drstrl
coP@rarsl at a pressure. of from about 2.2 pS|a (15 kPa) to about 182 psia

(1255 kPa)). Some embodiments of azeotropic compositions are listed in
Table 4.
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Additionally, azeotrope-like compositions containing Z-FC-1336mzz

5 and pentane may also be formed. Such azeotrope-like compositions exist
around azeotropic compositions. Some embodiments of azeotrope-like
compositions are listed in Table 5. Additional embodiments of azeotrope-
like compositions are listed in Table 6.
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COMpOSi tHons—at—thi-s—tenperature: Weight Percentage
COMPONENTS T (°C) Range
Z-FC-1336mzz/Pentane -40 62-70/30-38
Z-FC-1336mzz/Pentane 0 64-74/26-36
Z-FC-1336mzz/Pentane 20 64-76/24-36
Z-FC-1336mzz/Pentane 40 64-78/22-36
Z-FC-1336mzz/Pentane 80 62-84/16-38
Z-FC-1336mzz/Pentane 120 57-99/1-43

isopentane form azeotropic or azeotrope-like compositions. To determine
the relative volatility of this binary pair, the PTx method described above
was used. The total absolute pressure in a PTx cell of known volume was

measured at constant temperature for various binary compositions. These

It was found through experiments that Z-FC-1336mzz and

measurements were then reduced to equilibrium vapor and liquid

compositions in the cell using the NRTL equation.

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

The vapor pressure measured versus the compositions in the

illustrates graphically the formation of an azeotrope and azeotrope-like

14



Based upon these findings, it has been cal cul ated that
Z-FC-1 336nzz and pentane form azeotropi c conpositions
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-20.0 2.72 37.1 62.9
-10.0 4.47 38.3 61.7
0.0 7.01 . 39.4 60.6
10.0 10.6 404 59.6
20.0 154 41.2 58.8
30.0 21.9 42.0 58.0
40.0 30.1 42.8 57.2
50.0 40.5 43.5 56.5
60.0 534 442 55.8
70.0 69.0 448 55.2
80.0 87.6 455 54.5
90.0 . 110 462 53.8
100.0 135 ' 46.9 - 531
110.0 165 47.7 523
120.0 199 48.6 51.4

15 Additionally, azeotrope-like compositions containing Z-FC-1336mzz

and isopentane may also be formed. Such azeotrope-like compositions
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Table 9 Azeotrope-like compositions

COMPONENTS T (°C) | Weight Percentage
| Range
Z-FC-1 336mzi/ Isopentane -40 49-58/42-51
Z-FC-1 336mzz/lsopéntane ‘ 0 53-65/35-47
Z-FC-1336mzz/Isopentane 20 53-68/32-47
Z-FC-1336mzz/Isopentane 40 53-71/29-47
Z-FC-1336mzz/lsopentane 80 | 52-77/23-48
Z-FC-1336mzz/Isopentane 120 43-89/11-57

It was found through experiments that Z-FC-1336mzz and HFC-365mfc
form azeotrope-like compositions. To determine the relative volatility of
this binary pair, the PTx method described above was used. The total

absolute pressure in a PTx cell of known volume was measured at
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ten-per ature faor varinnie hinarv ~cnamnnci ti nnc Thaca
UTrT C Ut VAT T OUOJT T TTUAT y UUII’JU\I T OUTrro. LILEAE"A 2

measur emOOBIPGMENTI8N reduced fl'Oﬁ°e()IUintyHth€rd@fﬁ1@@e

and liquid conmpositions in the|cell uUsing the NRTL

equat i on. Range
Z-FC-1336mzz/HFC-365mfc | -40 1-99/1-99
Z-FC-1336mzz/HFC-365mfc 0 1-99/1-99
Z-FC-1336mzz/HFC-365mfc | 40 1-99/1-99
Z-FC-1336mzz/HFC-365mfc | 80 1-99/1-99
Z-FC-1336mzz/HFC-365mfc | 120 1-99/1-99
Z-FC-1336mzz/HFC-365mfc | 160 | 1-99/1-99
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, 2-di chLoroet hyl ene may also he fornmed. Such

azeotrope li ke conpositions exi st. around azeotropic

conposi
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ti di { f
1 oy BIEPRAy e Rditend
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in_Tabl e 14. Tabl e 13 Azeotrope-|ike conpositions It
5 wakodeterming the felative velatiityt ¢f thisdinaryreain, tbgéﬁl'z&rr@:tﬁpd

%ﬂhg ¢ 1r#§émzz and

described above was used. The total absolute pressure in a 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 in the cell using the NRTL equation.
The vapor pressure measured versus the compositions in the PTx
cell for Z-FC-1336mzz/ trans-1,2-dichloroethylene mixture is shown in FIG.
5, which illustrates graphically the formation of an azeotropic composition
of Z-1,1,1,4,4,4-hexafluoro-2-butene and trans-1,2-dichloroethylene at
50.1 °C, as indicated by a mixture of about 64.8 mole % Z-1,1,1,4,4,4-
hexafluoro-2-butene and 35.2 mole % trans-1,2-dichloroethylene having
the highest pressure over the range of compositions at this temperature.
Based upon these findings, it has been calculated that Z-FC-
1336mzz and trans-1,2-dichloroethylene form azeotropic compositions
ranging from about 62.4 mole percent to about 71.0 mole percent Z-FC-
1336mzz and from about 37.6 mole percent to about 29.0 mole percent
trans-1,2-dichloroethylene (which form azeotropic compositions boiling at

a temperature of from about -20 °C to about 120 °C and at a pressure of
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HFC- 245fa form azeotrope-1i ke conpositions. To
determne the relative volatility of this binary pair,

wo hwsPIsoenet hod descri bed above was used. The POL/EE2008/005481
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a1t mot e 6 HFC-Zfgfa Wi vapgg pr essure of
pr oxi ggtely 9 ppsia ( kPa) . | Sone g%’oodl ment s of 36.9

eotrof6-0 i ke cpnposity.8ns are listede n Table 1536.4

Iditional enbodinments of azeofrope-like conpositions
e list8Pin Taple 161 Fabl e 15 Aze@ﬂr20pe like 35.8

= 0O NS

rlxnom)>mmm3

MpoSi St S O3gTgthrougihT exggrg ment s tiat
FC- 1 gggf nzz and di ne 'gxyrret hane fgirfr% azeot|r ope- I3|5k2e

()
o

nposi 60dns. To| det er40.8e the|rel at68& vol atfi | ity34f5 -

; , : I hod d “hed al
70.6 53.2 66.3 33.7

~—+
=

80.0 69.0 67.2 32.8

90.0 : 88.2 68.1 31.9

100.0 111 ' 69.0 : 31.0.

110.0 138 70.0 30.0

120.0 170 71.0 29.0

Additionally, azeotrope-like compositions containing Z-FC-1336mzz
and trans-1,2-dichloroethylene may also be formed. Such azeotrope-like
compositions exist around azeotropic compositions. Some embodiments

- of azeotrdpe-like compositions are listed in Table 13. Additional

embodiments of azeotrope-like compositions are listed in Table 14.
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used. The total absolute pressure in a PTx cell of
known vol une was neasured at constant tenperature for
Wo 20080886b0i nary conpositions. These measur enmenPGT/WE2008/005481

then reduced to {?ﬁBiéﬁﬁfAzﬁé&r%§89|keﬁg%é6%%.
conpositions in i on. The

vapor pressure neasured versus the cpnposji Weight Perdedntage
PTX cell for Z:FEC-133 di met hoxynget hane m xture is :
shgwn in FI G %75“’@{3@%%2 ustrates grﬁ’ﬁi caI I ly Raege
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1,4, hexaf | uor o- 2- but mef hoxymet ha

49, %'F(nmaaammmnszzzsdupaloaoémsﬁerﬂepa)o ds | rel-881en33

by m-ywt urac 099 mple 9%

D LA e mashons: her deBlomauion | 204 o5 FErSds

i e X A S ey 3-SR IRYlehe”l gy oot TORE=d s

conpositions ar e t1on

enbadif@:nB836wizzAraT 1 @pdichidreetbgEpes) t8Ns ar 639yt €37

i sitions
'Tgm'_i-'ﬁfémélgémz.ze”";m' 531-1; e d’z‘néét%“@@; B ylooe| 120 oe {60073

RIS | iAo Sey NG T 80 | «g6-00/1-42

cycl opentane TOrm azeotr

conpositions. To determ ne the rel atlve volatility of
this binary pair_ the PTx met hoddescrl bed above was
used. The total 2B8lg 4 Srlik AP YST of

kngwn—votame Wabneabur ed—at——constanty tenmpet cuuw : Qt
varfi ous binary conpositions. These mgasurgnents V\%P
then reduced tOOMPRONENTSM vapor and {°Cyui Bercentage Range
comoesitions—in-the cell using the NBTL eduation
'Z-FC-1336mzz/trans-1,2-dichloroéthylene | -40 72-80/20-38
Z-FC-1336mzz/trans-1,2-dichloroethylene 0 69-83/17-31
Z-FC-1336mzz/trans-1,2-dichloroethylene 20 68-86/14-32
Z-FC-1336mzz/trans-1,2-dichloroethylene 40 68-90/10-32
Z-FC-1336mzz/trans-1,2-dichloroethylene 80 66-99/1-34
Z-FC-1336mzz/trans-1,2-dichloroethylene 120 65-99/1-35
Z-FC-1336mzz/trans-1,2-dichloroethylene | 160 65-99/1-35
5 It was found through experiments that Z-FC-1336mzz and

HFC-245fa form azeotrope-like compositions. To determine the relative
volatility of this binary pair, the PTx method described above was used.
The total absolute pressure in a PTx cell of known volume was measured
at constant temperature for various binary compositions. These
10  measurements were then reduced to equilibrium vapor and liquid
compositions in the cell using the NRTL equation.
The vapor pressure measured versus the compositions in the
PTx cell for Z-FC-1336mzz/ HFC-245fa mixture is shown in FIG. 6, which
illustrates graphically the formation of azeotrope-like compositions of Z-
15 1,1,1,4,4,4-hexafluoro-2-butene and HFC-245fa at 19.9 °C, as indicated

20



The vapor pressure neasured versus the conpositions in
the PTx cell for Z-FC- 1SS nez/cycl opentane m xture is

wabh@snsdonl FI G 8, which illustrates graphical | pCT/I82008/005481
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b D e Pyl e nefatlyorg@ pitene
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,1 .01 4.4 4- fl -2- but d 36. I %
L abdptnately R PRl kA, Bt B Bliietcs it B 90 mole
r apgrept ZCPAPIOS ul4-ARSaflioro2-ButeHBPSh@HUbS m%gégsé HIFR45fa

these findings, it has been calculated that Z-
1388hwapangresstre ptaparmximately 9sia (@b kBaronposi ti ons

ranging fr . I ercent..t o about..74.4 . .
ol e por ce DT BopdinBplRY R R e d BB tngs gre tisted in
peTalelat 15, Addiorial EmifodiRlenitd 6f S28Gtrepetid eoinpositionsizFa
form azeotropi c conpositions boiling at a tenperature
of listed i 48BIR 16:20 0C to about 150 OC and at a pressure
of from about 1. i i to: psi a

(2082 kPa)). So TablS 5 ) %ﬁé’ﬁ%ykgfq 033.%?‘% |
conpositions are listed in |Table 8. Table 18

Azegt ropi ¢ conposi tions Additigona Ieé/v .azeotrope-like
con‘p&ﬁ&?&@? ™ ai ni ng Z- AC! {336 e Weishf %‘V@PB}?@% Raege
R 2 O e Rl L K T RS

exi st~ aroun azeotropl C conpositi Dn_S. OITE enbodi nent s
of aZePCrtEE8rxeHFQRASHE | qns @r e| | 1s2BW8L9Y dirdplo6-9d)1-5

Addiltional__enmbodinents of qzeotrope-like conpositions

are IZ'EF@EF’@Q_E"I{%(HFﬁ'ﬁqﬁaT af] e4QI9. Azé&G/M'rQQIL iand 94-99/1-6
COM R e 3oL AP 245F TOP80 T F©1- 38785280 'dnd §0-99/1-10
Z-FC-1336mzz/HFC-245fa 120 1-58/42-99 and 76-99/1-24

Table 16 Azeotrope-like compositions

COMPONENTS T(°C) | Weight Percentage Range
Z-FC-1336mzz/HFC-245fa | -40 10-13/87-90 and 98-99/1-2
Z-FC-1336mzz/HFC-245fa | O 10-14/86-90 and 97-99/1-3
Z-FC-1336mzz/HFC-245fa 40 10-17/83-90 and 96-99/1-4
Z-FC-1336mzz/HFC-245fa 80 10-22/78-90 and 95-99/1-5
Z-FC-1336mzz/HFC-245fa | 120 | 10-33/67-90 and 90-99/1-10

It was found through experiments that Z-FC-1336mzz and
dimethoxymethane form azeotrope-like compositions. To determine the
relative volatility of this binary pair, the PTx method described above was
used. The total absolute pressure in a 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 in the cell using the NRTL equation.
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COMPONENTS T Wi ght Percentage (0C) Range Z-FC-1
336nzz/ cycl opentane - 20 80 - 86/14 - 20 Z-FC- 1

W@ 3@sHa 2406y cl opent ane 0 80 - 87/13 - 20 Z- FC- 1 PCT/US2008/005481
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15

336nzz/ cychRR&/y r ™ d ve efnipositions in the
336nez/ cycl open % - - il el
SSBﬂfxz:bU)f«m WSBemmmﬁthowahané@mZ&E@ﬁshown |n FlG 7,

336 ycl gpent ane 150 .80 99/ 5 20 The eotro

o Wb s 1Bs B SsaBoti oBRatan of AESeH URRAkS compositions
I n i 0
ALY 1.0 RS Ghe SRR RN 00 C
onanéaboudi 22htpd (156 kPapesnindmatechby aistures pf ebout 1 to 99

RO 2P e e Bch A ek Blhve Blurie Braraietd o i aftie 7
t hgimdtRoRfmatainepr i at e contai ner. The azeotropic or

azeotrope-Ilike conpositions of the present invention
can be 098 $med1m@|létSrQir&§@0trppﬁﬂle|QQ&WQ&&%OT\S ae ligteddn

sof vhiey T ARUATA SRR HRRS, B oFeo sLiEE P bytons are
existedimmabiget8s) for thernoplastic and thernoset

f oans, heat transfer madl a, gaseous dielectrics, fire
exti ngwshl ng a faklg ol Azeotseperlike, campesitio Scycle

e R A R R ST o

agents, and COMPONENTS (°C) Range
Z-FC-1336mzz/Dimethoxymethane -40 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane 0 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane 40 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane 80 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane | 120 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane 160 1-99/1-99

Table 18 Azeotrope-like compositions

T Weight Percentage
COMPONENTS (°C) Range
Z-FC-1336mzz/Dimethoxymethane | -40 5-95/5-95
Z-FC-1336mzz/Dimethoxymethane 0 5-95/5-95
Z-FC-1336mzz/Dimethoxymethane 40 5-95/5-95
Z-FC-1336mzz/Dimethoxymethane | 80 5-95/5-95
Z-FC-1336mzz/Dimethoxymethane | 120 5-95/5-95
Z-FC-1336mzz/Dimethoxymethane | 160 5-95/5-95

It was found through experiments that Z-FC-1336mzz and
cyclopentane form azeotropic or azeotrope-like compositions. To

determine the relative volatility of this binary pair, the PTx method
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pr abRspSIlGStrates Yeaplsieamie e foemalioA st ahlfHtiotropic composition of
azeotrope-|li ke conposition and thereafter evaporating
safd ddebtioperafudiesbbripie ank sydeppataneiaitd. 97 {Geas
Vi it 8 o PSahidys ét?o{ﬁ?é}(&@ %&Q%Y“?-.elr iy iai-ﬂ?xaﬂuoro-z-
azeotroprc or azeotrope-TikKe conposiTion ¢onsi StS

10 esbeteheadrd/3®f molk %lcyclopehtdnd hagkaf thedtigh@stipressere over
and a conpagnent selected fromthe group consisting of

el 1%/18NE6rehePaIPQRiiANmat this tespseBlitane, 1,1 ,1 3, 3-
pent af | UOfBé%Pﬁ{}:‘gn He%@%rnhinq"ﬁ, qnﬂe rt?%oeéé}%ﬁbéh%@d éﬂat 2ZFcC-

1,3, 3- pentaf opr opane, xymet hane an
cy t3opmar and.cysiopemntane fdrodapestromi€ compositionsmanging from

proyvi de rocess using an._azeotropic or
b7 BBV 2 PRIE RESRRRIOFRAHIAZ & Mlp PerRent 1B e 33Gmpa and
az i t ' A [
15 3209H1 80 710 M58 B LRSI ek it ppstane
antwhich domo azeotrepiceanepoditiams boitingabagemperature of from
about -20 °C to about 150 °C and at a pressure of from about 1.7 psia (12
kPa) to about 302 psia (2082 kPa)). Some embodiments of azeotropic

compositions are listed in Table 18.
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consi sting of nethyl formate, pentane, 2-nethyl butane,
1, 1,1 ,3,3- pentafluorobutane, trans-1
wWQ 2e0di1340bor oet hyl ene, 1, 1 ,1 , 3, 3- pentafl uor PET/ORENE)05481

di met hoxynet hane af%@){gImi@q@coéﬂpgmghsen‘ood| ment
of this invention duci ng an

aer oskdeqgiropdieict .| ThAzeowopiss cprPFC-4336mizag | arCyclopentane
ayedrémperatare azePresffel(psia) cCpnpoghbleoh)as &  (mole %)
pfopel | , Wherlein said azeotroplc or azeotrope ke
ﬁan'posmgoo(gl congi sts qs—;a@ntl arfy of g3 . 44745 g
EXdl 1 ULtQU L iI,Jl.ll CIIC I’vz:@‘ bz:t) IICIIL Q\igc::‘zu IIUIII BBCI
g P 1 1 18gQ 3- ppnt m,‘l$13;7nhut,anp 36.3
t tans- 110.9. di chI aroet Hy9%ne, 111 .1 63.6 36.4
, B, 3- ped®.&f | uor apr oparid.4 di net hoxyneBhéne and 36.5
cycl oped®.fne. Anot her 1€bodi nent of @hBs i nventi on36.4
provi deg0@® process uspRaw an azpotr ops3 70r 36.3
azeol r qgegy | Ke qonposighl pn as p heatgd panst el nedi ag 1
erei n5§%' d azt o[ T Up'3§ .Br dée tT Upt‘63 gKe CONPOST € REM
f’::'Zj AN Z?F!!LL? ;’h%m,e 2 o Pont sl octods
fLomth roup donsis n’c'1 of net hyl 6")9rmtp pent a 54
2} net hvg@@t ane, |1.1 . ¥3.3 3- pknt af |8Aobut are. 34.9
t tans-190.9-di chljoroet ®2l®ne, 1,1 , 1 6%83- 34.2
pent af [1@@x@pr opane, ditEs hoxynet haneg@sd cycliopent 364
Anot her1qgnpodi ment of {4's 1 nventi ongppovi deg a 32.4
process|Jgof extingul StY7EJ or S ppresgs gy a fire. 1Ag 4
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Additionally, azeotrope-like compositions containing Z-FC-1336mzz
and cyclopentane may also be formed. Such azeotrope-like compositions

5 exist around azeotropic compositions. Some embodiments of azeotrope-
like compositions are listed in Table 19. Additional embodiments of
azeotrope-like compositions are listed in Table 20.

Table 19 Azeotrope-like compositions
Weight Percentage

COMPONENTS T (°C) Range

Z-FC-1336mzz/cyclopentane | - 20 77 - 86/14 - 23
Z-FC-1336mzz/cyclopentane 0 76 -87/13 - 24
Z-FC-1336mzz/cyclopentane 40 74 - 90/10 - 26
Z-FC-1336mzz/cyclopentane 80 72-99/1 -28
Z-FC-1336mzz/cyclopentane 120 70-99/1 -30
Z-FC-1336mzz/cyclopentane 150 68 - 99/1 - 32

10
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suppressi on agent, wherein said azeotropic or
azeotrope-li ke conposition consists essentially of Z-1
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essent | &L g hiobmez/cyciopentang | 40 o | 80-90/18 5/

and a ¢4nbbnbiomez/eyelonentans) + hdtrhup 8hndp/oi & of
met hy| |#Zof ket 336rpazicyelopentanst hy B0t ane 801 95/5 - 20

, 3, 3- pehtef1Idbrobricydepentames- 1 150- di cl8lr @5 2@ne,
1, 1, 1 ,3,3- pentafluoropropane, dinethoxynethane
and cycl opentane. CLAIMS 1. A conposition consisting
essent i AN¢ pzgpiropig)orazeotrppe-like compositions of the present

<0 BB BBy A B o

-

resen
aneembining ther desiredaamountgile onerdrmbaditent \uf this tilveentioh, an
, 1, .1 ,4, 4 4- hexaf| uoro-2-butene. 2. A conpositi?P
c oRRS UEQRIG Ok 82eATPREie GoMROg)tion gan bg pregared by weighing the |

 JadifecEIRDLHONCSADBHILAR 1RIGaKD) by (RATH 8

wherein nmet h ormate IS present In anh effective
anappropriete contaimerazeot rope- | i ke conbi nation with the
L e %zbgtrgpi‘l':'cprea?\(gefoltruo%regl'ikze' gc%sgg'ltions of the present
invention can be used in a wide range of applications, including their use
as aerosol propellants, refrigerants, solvents, cleaning agents, blowing
agents (foam expansion agents) for thermoplastic and thermoset foams,
heat transfer media, gaseous dielectrics, fire extinguishing and
suppression agents, power cycle working fluids, polymerization media, -
particulate removal fluids, carrier fluids, buffing abrasive agents, and
displacement drying agents.

One embodiment of this invention provides a process for preparing
a thermoplastic or thermoset foam. The process comprises using an
azeotropic or aze.otrope—like composition as a blowing agent, wherein said
azeotropic or azeotrope-like composition consists essentially of Z-
1,1,1,4,4,4-hexafluoro-2-butene and a component selected from the group
consisting of methyl formate, pentane, 2-methylbutane, 1,1,1,3,3-
pentafluorobUtane, tfahs-1 ,2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane.

Another embodiment of this invention provides a process for
pfoducing refrigeration. The process comprises condensing an azeotropic

or azeotrope-like composition and thereafter evaporating said azeotropic

25



3. A conposition consisting essentially of: (a) Z-1,1
, 1 ,4,4, 4- hexaf |l uoro-2-butene; and (b) pentane;
wob@sasqet he pentane is present in an effecti VECHDB2008/005481

o} S AETRELL ALY AT AEY L i Aote dootda,

Comllesém rsgauceaz@cmm;ﬁb loy aakotrope-like tompaosition consists essentlally
4, 4, 4- hexaf | uor o- 2- but e S and (b) pentane; where

t hef fehi difb4 "shsx%flt@fpz {anecane atcomP el selacted Hom the
RSP S IPI OB el ondrye, 1,10

5 copentflunppeiamattrand-¢, béich(capethylenel 1,1,1,3,3-
4,4, 4-h fl t nd (b), 2- net hyl but ane;
unbeaRUSEBrobns dmhenans Gae el & dpeliogsf act i ve
anount hﬂofﬁb"r"@rﬁ@ocﬁﬁ‘ﬁéﬂt%@ﬂ'n@ |ﬁ\%midﬁ3§rb9ﬂe‘§"é Prdce8s £rsihg an -

1,1 ,4,4,4- hexafluoro-2-butene. . A conposition
coase@trti)mg Oe@geotroaeﬂiye@fomr(@eltlcm as alsqlvqnt wherein said

f - 2- Iy b). 2- | :
wnBr RO B 52 RblRge Blb EaEn o EindisErRREnHhERE 7 o
10 ammulnﬂ 4t4>4fh:&>@ﬂa6r@zqmtéﬁ@%nhl &eom@ashenﬁgeleate& fidtthe group
4- hexaf | uor o- 2- but ene.

coﬁ%@smnmf mﬂsyl§¢>rm@tee§§etﬂnea|2rme61ylbutane 1 ,1,1,3,3-
pentafluorobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane.

Another embodiment of this invention provides a process for

15 producing an aerosol product. The process comprises using an azeotropic
or azeotrope-like composition as a propellant, wherein said azeotropic or
azeotrope-like composition consists essentially of Z-1,1,1,4,4,4-
hexafluoro-2-butene and a component selected from the group consisting
of methyl formate, pentane, 2-methylbutane, 1,1,1,3,3-pentafluorobutane,

20 trans-1,2-dichloroethylene, 1,1,1 ,3,3-pentéﬂuoropropane,
dimethoxymethane and cyclopentane.

Another embodiment of this invention provides a process using an
azeotropic or azeotrope-like composition as a heat transfer media,
wherein said azeotropic or azeotrope-like composition consists essentially

25 of Z-1,1,1,4,4 4-hexafluoro-2-butene and a component selected from the
group consisting of methyl formate, pentane, 2-methylbutane, 1,1,1,3,3-
pentafluorobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane.

Another embodiment of this invention provides a process for

30 extinguishing or suppressing a fire. The process comprises using an
azeotropic or azeotrope-like composition as a fire extinguishing or |
suppression agent, wherein said azeotropic or azeotrope-like compositioh
consists essentially of Z-1,1,1,4,4,4-hexafluoro-2-butene and a component

selected from the group consisting of methyl formate, pentane, 2-
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(a) Zz-1 ,1, 1 ,4,4,4-hexafluoro-2-butene; and(b) 1,1

, 1,3, 3-pentafluorobutane; whereinthe 1, 1, 1,3, 3-
w@ewsasdoenr obut ane is present in an effective BODUAL08/a05481

" OMBRPaEERL 10PS1d Y periaRIdHab irhRs NS ofe

, 4, 4, Q?Rexa ) ugf’g'-sz-gg}ut ene.d?gf)utﬁﬂg‘gir{%ﬂgi1|t?|§gﬁcrﬂoro%thy]iene,

cofisi, $13, rpeatdleropdopanef dinfethoXyrhethane and cyclopentane.

2. df ohPBOUIRTATBAGT e S SR TReREVidesE process using an
0i aBbkasL o 088trbpe KB RMpodHidaE LiABLELS, RHBHI shRY

forman azeotropic conblnatlon W t
S | 4azeatropig £ lazeptropetikeaxoempadxsition comgistsi assentially of Z-

T A B RGbGecuBhn el Campopspt seiaiedfrom the group
: 2cdh9'bﬁne§ efmath@Teimaee behtarh e-mheaiiAbdtané; 1,1,1,3,3-

di chl oroethyl ene is present in an effective ambunt to

f oPant@fugritanRdrane 1 ottishinioebiylene 1. tAS.2-1 .1, 1
oRENETIBISHIOUENG: diniihERinethdng RIERIGP4RAne.
1

10, 4, 4, 4- hexaf |l uoro- 2-butene; and (b) 1, 1 ,
, 3, 3-pent af | uor opr opane; wherein the 1,1 ,1 ,3, 3-
pent af | uoropropane is present in an effective anount
to forman azeotrope-like conbination with the Z-1 ,1
,1 ,4,4,4-hexafl uoro-2-butene. 11. A conposition
consi sting essentially of: (a) z-1,1, 1
, 4,4, 4- hexaf | uor o- 2- but ene; and (b) dinet hoxynet hane;
wherei n the di met hoxynet hane i s present
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in an effective anmount to forman azeotrope-Iike
conbination with the z- 1, 1,1

W0 2908/1340bexaf | uor o- 2- but ene. 12. A conposi t i onPCT/US2008/005481
consi sting essentially of: & ht-l, 1,1
, 4,4, 4- hexaf | uor o- 2- but ene; ) cycl opent ane;
wherein the cycl opentane is present in an effective

P4 1 N GO SRS  eRER AR Common ¢ fon
consi st (a)gZ-és‘sérﬁ4AthxaﬂuorQ-é.’)bmeme and, 1

5, 4 4, 4- (xaéthyd famatduivheesin ainsl nigthy ICfthQﬂ@elﬁtpaégent in an
ein the cycl otpentane is present in an effectiv
@t'weoamevm tenfoEeRn ?é@%UW'E@OBm‘rB@U@T with thE‘ch‘I t1hb4 4,4-

hgxgﬂuorg,z Buferd- hexafl uoro- 2-butene. 14. A process
for preparing a therrmpl astic or thernmoset foam

o P SR Cr LS
or majlzeo )%é ﬁ1l&46mfh@g¥|”tqr61? -Betgses@Rdessential Iy of
10 z-1 |, 1(b) methy] Iprmatexwhetgin the mefhyldaemaiedispresent in an
f Sgﬁaﬂﬁ{ét AR BF ko AT R PRuigIRe SORERAI Py fh RE 2D
penttat BupaHuxafinero-Rtmutend. , 2-di chl oroet hyl ene, 1, 1 ,

1 ,3,3- pentafluoropropane, dinethoxynethane and
cycl op&ntracempdSitibn wonsestingfewsentialtiuof: ng refrigerati on

conpr i sEé')ngopq,e{)gl nlg u%;gg 68@%8 gﬁdazeotrope ke
en

conposi {,1.0n
P b) ane w ere| he pentane is present in an effective amount

to form an azeotropic combination with the Z-1 ,1,1,4.4 4-hexafluoro-2-

15

butene.

4. A composition consisting essentially of:

(a) Z-1,1,1,4,4,4-hexafluoro-2-butene; and
20 (b) pentane; wherein the pentane is present in an effective amount

to form an azeotrope-like combination with the Z-1,1,1,4,4,4-hexafluoro-2-
butene.

5. A composition consisting essentially of:

(a) Z-1,1,1,4,4,4-hexafluoro-2-butene; and
25 . (b) 2-methylbutane; wherein the 2-methylbutane is present in an

effective amount to form an azeotropic combination W|th the Z-1,1,1,4,4 4-
hexafluoro-2-butene.

6. A composition consisting essentially of:

“(a) Z2-1,1,1,4,4,4-hexafluoro-2-butene; and
30 (b) 2-methylbutane; wherein the 2-methylbutane is present in an

effective amount to form an azeotrope-like combination with the Z- ‘
1,1,1,4,4,4-hexafluoro-2-butene.

7. A composition consisting essentially of:
(a) Z-1,1,1,4,4 4-hexafluoro-2-butene; and
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evaporating said azeotropic or azeotrope-like
conposition in the vicinity of the body to be cool ed,

wob@sasqesai d azeotropi c or azeotrope-|ike cont/USioosroosml
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consi st r)gﬁgelnﬁ 'B%éﬁ/taﬁuor%bl:tari'e wheréirl gﬁh 1 1, 3

hexaf | u -butene and a conpdnent s rom t he
gr peptafoositatame)isopresentiyl arf effestive ameuhatueform an azeotrope-

?;@%f%' BB s it 2 4 Ei‘éid*o?%;’ﬁﬁu ehe
6. A 1 o?b'@@f“@%ﬁlﬂﬁPSGOhg’%ugﬁﬁé”‘én{‘%EVZ flopi e oo

azeot r of@-4-1Ke 1 dohgeexaflworal-buteobyamd, wherei n said

azeot r of)drams- azembhkmm@éth&l@n@omméhi the temizs1 9t s
of Zz-1 , 4- hexaf | uor o- 2- but ene

Iy
Andich Olégﬁ%i?é\ﬁ'w&mtéa m@fﬁth@ a;mwpt t@o‘ﬁ@mm %ecmomc
”eééihﬁhﬁa%ﬁ%ﬁm RPN, Mﬁgég Lgcﬁ 2B e]r‘ ) , -
y ene ,

pent at | uorobut ane, trans-'1’ oroe
1,3, 3, m@élérﬁbbsliﬂbﬁ%%%ﬂﬁ é%lsgﬁf.al yfret hane and

CYCl oD 14, 45&%?3'%0 Srllengpaadqr o %
azeot r offd-tranget bloreetbylene; whereipdhe drans-WRer ei n
o U ERAERYRBIE"s He 8t th PERac RRRRO, 61 il dirdiope-

antkeacombiritiontwitetrezed1 firom4-Rexsisip-Z-e0mt | ng of
nmet hyl formate, pentane, 2- mathyl butane, 1, 1 ,

, 3, 3- pthttatdmpositioh aoesistingresséntially df: chl or oet hyl ene,

11, 1(a)%—%jﬁ?,'lt,@,ftll-llr'&a(?ﬂro?@-%ﬂt?utene; and |
(b) 1,1,1,3,3-pentafluoropropane; wherein the 1,1,1,3,3-

pentafluoropropane is present in an effective amount to form an
azeotrope-like combination with the Z-1,1,1,4,4,4-hexafluoro-2-butene.

11. A composition consisting essentially of:

(a) Z-1,1,1 ,4,4,4-hexaf|uor6-2-butene; and
(b) dimethoxymethane; wherein the dimethoxymethane is present

in an effective amount to form an azeotrope-like combination with the Z-
1,1,1,4,4,4-hexafluoro-2-butene.

12.A composition consisting essentially of:

(a) Z-1,1,1,4,4,4-hexafluoro-2-butene; and
(b) cyclopentane; wherein the cyclopentane is present in an

effective amount to form an azeotropic combination with the Z-1,1,1,4,4,4-
hexafluoro-2-butene.

13. A composition consisting essentially of:

(a) Z-1,1,1,4,4,4-hexafluoro-2-butene; and
(b) cyclopentane; wherein the cyclopentane is present in an

effective amount to form an azeotrope-like combination with the Z-
1,1,1,4,4,4-hexafluoro-2-butene.
14. A process for preparing a thermoplastic or thermoset foam

comprising using an azeotropic or azeotrope-like composition as a
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di met hoxynmet hane and cycl opentane. 18. A process
conprising using an azeotropic or azeotrope-like

W@ pa3iobi on as a heat transfer media, wherei nPGRHUS2008/005481
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cycl opent ane: . A process for I ngul shing or
suppr essipentafifdrokutaneptrass 1ig2-akihigroethyderet t,004,3,3ar
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azeot r pp b}dt%SQQUP?Qddc fePigeration RoRPHsIR b¥n@énsing an

,1, 1 ,4,4,4- hexafluoro-2-butene and a conponent
sel ect ed aZeokrPpiteorp@zaniraps-liiescompositionandythefeaftait e,

ot af T usV BBl 48 Bz eotrobi dr aabioliopsr i wompositign in the
, 3, 3-  penichityof el e bélicoBledPwherdiRaafd aR€otropic or

cycl opentane. 20. A process conprising using an

azeot r opiaZegtropedikercserosilien senpists essentially of Z-1,1,1,4,4,4-
dielectri | I ' t |

composi t I 5AAENEE 2168k SR BBhnf YoiBERE St thé HRoup

, 4, 4, 4- hexoablsting ©f 2nethyt fanmfaaé]qaa;]niﬁmrmf nesthylbataad, ddt,1,3,3-
fromthe group consisting of nethy or mat e, pentane,

- et hy! BErEROTebUtRNe; rags . 2 dhstliaroetanens: hilel 3.3

trans-1 2nthmidropRpM Bitfethbxymethare dnd cyclopentane.

16.A process comprising using an azeotropic or azeotrope-like

composition as a solvent, wherein said azeotropic or azeotrope-
like composition consists essentially of Z-1,1,1,4,4,4-hexafluoro-2-
butene and a component selected from the group consisting of
methyl formate, pentane, 2-methylbutane, 1,1,1,3,3-
pentafluorobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane.

17.A process for producing an aerosol product comprising using an
azeotropic or azeotrope-like composition as a propellant, wherein
said azeotropic or azeotrope-like composition consists essentially
of Z-1,1,1,4,4,4-hexafluoro-2-butene and a component selected
from the group consisting of methyl formate, pentane’, 2-
methylbutane, 1,1,1,3,3-pentafluorobutane, trans-1,2-
dichloroethylene, 1,1,1,3,3-pentafluoropropane,
dimethoxymethane and cyclopentane.

18.A process comprising using an azeotropic or azeotrope-like
composition as a heat transfer media, wherein said azéotropic or
azeotrope-like composition consists essentially of Z-1,1,1,4,4,4-

hexafluoro-2-butene and a component selected from the group
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pent af | uor opr opane, di net hoxynet hane and cycl opent ane.

WO 2008/134061 PCT/US2008/005481
consisting of methyl formate, pentane, 2-methylbutane, 1,1,1,3,3-
pentafluorobutane, trans-1 ,2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane.

19.A process for extinguishing or suppressing a fire comprising

5 using an azeotropic or azeotrope-like compos.ition. as afire
extinguishing or suppression agent, wherein said azeotropic or -
- azeotrope-like composition consists essentially of Z-1,1,1,4,4,4-
hexafluoro-2-butene and a component selected from the group
| consisting of methyl formate, pentane, 2-methylbutane, 1,1,1,3,3-

10 pentafluorobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane.

20.A process comprising using an azeotropic or azeotrope-like
composition as dielectrics, wherein said azeotropic or azeotrope-
like composition consists esse‘ntially of 2-1,1,1,4,4,4-hexafluoro-2-

15 butené and a component selected from the group consisting of
methyl formate, pentane, 2-methylbutane, 1,1,1,3,3-
pentafluorobutane, trans-1,2-dichloroethylene, 1,1,1 33

pentafluoropropane, dimethoxymethane and cyclopentane.
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