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Thi s di sclosure al so provides a conposition consisting essentially of (a)
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conponents described herein. This is done nerely for conveni ence and to
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Design of 25 Distillation Systems, McGawHi |l (New York), 2001, 185-186,
351-359).
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f or m azeot r cmdothier applitatigpres, lfokexaoplosiddtaiic or azeotrdge-RE eFiviulss t he
relative volatility of this binary pair, the PTx nethod descri bed above was
used. The total absolute pressure in a PTx cell of known vol une was

measured at constant tenperature for various binary conpositions. These
measurenments were then reduced to 20 eqdt |ibrium vapor and liquid

-conpositions in the cell using the NRTL equati on. The vapor pressure
nmeasured versus the conpositions in the PTx cell for Z-FC 1336nzzi net hyl
formate mixture is shown in FIG 1, which graphically illustrates the

formati on of an azeotropic and azeotrope-like 25 conposition consisting
essentially of Z-FC 1336nzz and nethyl formate as indicated by a m xture of
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(C Azeotropic Pressure (psia) Z-FC 1336nzz (nmole %9 Methyl formate (nole
% -20.0 1.38 25.4 74.6 - 10.0 2.40 25.2 '74.8 0.0 3.97 24.8 75.2 10.0 6.30

24.3 75.7 20fiiSinfity 23,717Pa3-A8Siblo Bkt & &F iR, ek 77 © 50.0

28.7
1336mzz).

Before addressing details of embodiments described below, some
5 terms are defined or clarified. .
FC-1336mzz may exist as one of two configurational isomers, £ or
Z. FC-1336mzz as used herein refers to the isomers, Z-FC-1336mzz or
E-FC-1336mzz, 'as well as any combinétions or mixtures of such isomers.
As used herein, the terms “comprises,” “comprising,” “includes,”
10 “including,” "has,” “having” or any other variation thereof, are intended to
' céver a non-exclusive inclusion. For example, a~prdcess, method, article,
or apparatus that comprises a list of elements is not necessarily limited to
only those elements but may include other elements not expressly listed or
- inherent fo such process, method, article, or apparatus. Further, uniess

15  expressly stated to the contrary, “or” refers to an inclusive 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 fa{se
{or not present) and B is true (or present), and both A and B are frue (or
present). '

20 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 piural unless it is obvious that it is meant otherwise.

25 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

30 methods and materials are deécribed below, Ali 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,



21.2 78.8 60.0 39.2 20.2 79.8 70.0 52.4 19.1 80.9 80.0 68.9 18.0 82.0 90.0
89.0 16.8 83.2 100.0 113.3 15.6 84.4 5 Additionally, azeotrope-Ilike

conposi tions Iy -FEC-1336nrz and neth format e y also be forned.
Surcrﬁ azeot roﬁ”@ﬁ%ﬁfé&cgﬂﬁ@gtﬂ%ﬁ}e m&@&‘agrg‘&mi&@&dr@ﬁ@géérﬁfﬁy tions. Some
enbodi ment s dfustatios baReank AcCipraidd IcOBS lidithd.i sted in Table 2. Additional
enbodi nents of 10azeotrope-like conpositions are listed in Table 3 15

Tabl e 2 Azeot r oped-Fiet ista sReWCEVPINENTS aNd(i) prakiaghtiorPeaTatierd a]ge :
ORange Z-FG 1%%@%@%&&1&4&&,%%&5@%9 ik 17¢/ E’é?e%t%p%%}:alﬂ |§!§ NZOZ./ Methyl formate
5 60/926293 [FL1346 US PRV] filed April/26/2007, hereby incorporated by

| reference in its entirety.
This application includes azeotropic or azeotrope-like compositions
comprising Z-FC-1336mzz. |
In some embodiments of this invention, the composition consists
10 essentially of (a) Z-FC-1336mzz and (b) methyl forméte; wherein the
methyl formate 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) pentane; wherein the pentane is
15  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) isopentane; wherein the
isopentane is present in an effective amount to form an azeotropic or
20  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. | o
25 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-dichioroethylene is present in an effective amount fo
form an azeotropic or azeotrope-iike mixture with Z-FC-1336mzz.
In some embodiments of this invention, the composition consists
30  essentially of (a) Z-FC-1336mzz and (b) HFC-245fa; wherein the HFC-
245fa is present in an effective amount to form an azeotrope-iike 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



1-99/1-99 Z-FC 1336nezz/ Methyl formate 20 1-99/1-99 Z-FC- 1336nzz/ Met hyl
formate 40 1-99/1-99 Z-FC- 1336nezz/ Methyl formate 80 1-99/1-99

compos t 1 one EERONIEERE B PRieht R aR stoctpe it 18 RGRL ABSRE ey
formate -40 like-rabture-\ith Z-FC-13886mazz/ Met hyl formate 0 10- 90/ 10- 90

Z- FC-1336nzz/ Met forrrate 0 10-90/10-90 Z-FC: 1336rnzz/ Met hyl. formate 40
10- 90/ 10- 90 Z- Fcr% Pnﬁso?fﬁﬁf?emsenti@ﬁ Jbe romppsitigrecansisty 2/ Vet hy

formate 120 és%e%ﬂéﬂypo%) Z-FC-1336mzz and (b) cyclopentane; wherein the
5 cyclopentane is present in an effective arnount to form an azeotropic or
azeotrope-like mixture with Z-FC-1336mzz.

By effective amount is meant an amount, which, when combined
with Z-FC-1336mzz, results in the formation of an azeotropic or azeotrope-
like mixture. This definition includes the amounts of each component,

10 which amounts may vary depending on the pressure applied to the
composition so long as the azeotropic or azeotrope-like compositions
continue to exist at the different pressures, but with possible different
boiling points. Therefore, effective amount includes the amounts, such as
may be expressed in weight or mole percentages, of each component of

15 the compositions of the instant invention which form azeotropic or
azeotrope-like compositions at temperatures or pressures other than as
described herein.

As recognized in the art, an azeotropic composition is an admixture
of iwo or more different components which, when in liguid 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). ltis
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



It was found through experiments that Z-FC 1336nzz and 10 pentane form
azeotropic or azeotrope-like conpositions. To determne the relative

vol atility t i ' PTx ad d crlb used.
The t ot al %Pio‘%ér’@@i%; %ﬁé‘# %fttB%?O@anﬁ%q 318{6 VS ﬂﬂ%’@ﬁg ﬁr@ésur ed at
constant t e'ﬁ@béﬁﬁg@sf&reawrdommd@nwf theé @Wsltidﬁ%argﬁéﬂgem%” enent s
were then reduced to equilibriumvapor and Iiquid conpositions’in the cell

usi ng t he NrAiXeddbrikitg eIt Bha Wﬁtﬁﬁdmf@§§¥§f3ﬁe neasured versus the ) _
s shown in
EPE%5 Canren 11168 elAdobee or K rfrehiiph 3 e oREREIRE Bfidtifial s < and

azeotropé&-| i meangramsnpo@ﬁommmhenes dike eim agddtyopi composition (i.e.,
Z-1,1,1,4, 4, 4- hexaf | uor o- 2- but ene and pentane at 19.9 C, as indi cat ed by a

mxture of awFuEonstant belieg chatactaristica of ataneeacy met & fragtinnate upem 50. 0

le % t h t
(r:rgrrgom ??gn?@i'ﬁ?éfgg?b&%gﬁg uir-{gngé d"% "Eﬁ g\]’g?gﬁtoﬁdl egépci) has been
cal cul at ed tdrad !l@i&@ﬂh@ﬁﬁ!@@ﬁdhwnhange}‘?blam g%aggef Oilivly(tommmﬂ?ﬂldl bpns
from ahoyt 48, t to abqut, .7 nol e percen
rzaggl_ 2%36;722“%93@%;?&W%‘Hgﬁlth'% C?ﬁif%gtBEWﬁhﬂoﬂ@z&BHQPeﬂlkeS nol e pe][ cent
t wWhi | | g re%ﬂ%? re o
P(ragmaggggt -%ﬂﬂc&:@%gﬁa grﬁ{fvhff'%o&é nd g’i‘éé’?%?gggtdrt@&%v%p m abou @HZ psi a

(15 kPa) to ciyoposiliens pbangd (28 5ukstanlial Segreenbodi ments of azeotropic
It eotr

25 30 bl e ¢
conbosi 11 ons. AredtPBEEehE A5aRBRFUNE SoRaeRiome BB Bt et Bisssire
ié Fg‘ 53?”82%1&5 %b@le?os?@?@@@@re(m QirfQally3d Brekstfe Afefertial8 That® § 3- 70

say that the difference in the dew point pressure and bubbie point
15  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
20  system approaches 1.0, the systém is defined as forming an azeotropic or
azeotrope-like composition. Relative volatility is the ratio of the volatility of
component 1 o 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
25 method known as the PTx method can be used. In this procedure, the fotal
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 Pub!‘tsher, 1970, written by Harold R. Null, on
30 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,

8



9.07 50.1 49.9 20.0 13.4 50.7 49.3 30.0 19.2 51.2 48.8 40.0 26.7 51.8 48.2
50.0 36.2 52.3 47.7 60.0 48.0 52.9 47.1 70.0 62.4 53.6 46.4 80.0 79.6 54.3

45.7 90.0 109 rééréaﬁﬁ[i@ui&%@m‘a@e%‘hidealities. Use of an activity coefficient

equation, such as the NRTL equation is described in detail 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
S Equilibria in Chemical Engineering," published by Butterworth Publishers,
1985, written by Stanley M. Walas, pages 165 to 244. Both
aforementioned references are hereby incorporated by reference. Without
wishing to be bound by any theory or explanation, it is believed that the
NRTL equation, together with the PTx cell data, can sufficiently predict the
10  relative volatilities of the Z-1,1,1,4,4,4-hexafluoro-2-butene-containing
compositions of the present invention and can therefore predict the
behavior of these mixtures in multi-stage separation equipment such as
distillation columns. .
It was found through experihents that Z-FC-1336mzz and methyl
15 formate 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 measurements were then reduced to

20  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-1338mzz/methyl formate mixture is shown in FIG. 1, which
graphically illustrates the formation of an azeotropic and azeotrope-like

25 composition consisting essentially of Z-FC-1336mzz and methyl formate
as indicated by a mixture of about 20.4 moie % Z-1,1,1,4,4 4-hexafluoro-
2-butene and 79.6 mole % methy! 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

30 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

9



56.0 44.0 110.0 151 57.2 42.8 120.0 182 58.7 41.3 Additionally,
azeotrope-li ke conpositions containing Z-FC 1336nzz 5 and pentane may al so
be forrhed. rope-|l.ike co i tions exist around azeotroplc
conposi ti ons%g?%ﬁ%$r%ﬂ?%g'merggé’g?F%Btéop’P@“&ﬂﬁ%%”st pEISIRF B | isted in
Tabl e 5. Addrgpenal enbodi ments of azeotropelike conpositions are listed in
Table 6. 10 15 Table 5 Azeotrope-like conpositions COWONENTS T (C) Wi ght
Per cent age Range Z- FC-1336nezz/ Pent ane -40 60-75/25-40 Z- FC-1336nezz/ Pent ane

0 60-80/20-40 Z- FC-1336nzz/ Pe tr]le 20 60 82/ 28 40 Z- FC- 1336nzz/ Pent ane 40
60- 85/ 15- 40 Z- FC- 1336nzz/ PertHis-1gncey ROSHIONS 1336nzz/ Pent ane

Azeotropic Azeotropic - Z- FC 1336mzz Methyl formate
Tem?’eé?ture Pressure (psia) (mole %) (mole %)
-20.0 1.38 25.4 746
-10.0 240 . 25.2 " 74.8

0.0 3.97 24 8 75.2
100 6.30 243 75.7
20.0 5.64 T 337 76.3
30.0 143 229 771
40.0 T 205 221 77.9

50.0 _ 28.7 21.2 - 788 .
60.0 392 202 79.8
70.0 524 191 80.9
80.0 68.9 18.0 82.0
90.0 89.0 ‘ 16.8 83.2
100.0 113.3 156 84.4

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 compaositions are listed in Table 2. Additional embodiments of

10 azeotrope-like compositions are listed in Table 3

15

10



120 45-99/1-55 5Table 6 Azeotrope-|ike conpositions COWONENTS T (C)
Wei ght Percent age Range Z- FC-1336nzz/ Pent ane -40 62- 70/ 30- 38
Z- FC-1336nezz/ Pent ane 0 64-74/ 26-36 Z- FC-1336nezz/ Pentane 20 64- 76/ 24- 36

Z-FC- 1336 nez/Penta ne 40 64-78/22-36 Z-FC-1336nzz/ Pentane 80 62-84/16- 38
Z- FC- 1336nzz/ Pent ane 120 57-99/1-43
experinents that Z-FC 1336nzz and |sopent ane form-azeotropic or

azeotrope-1li ke conposition aélkehmrm sifionge volatility of this
Wﬁ‘%ﬁhﬁd——dﬁs—%&bﬁd—&b@-\ﬁ

It was found through

11

binary pair, th e—10—was—used—Fhe-totql absolute
pressure in a RTx cell of known vol une wag neasyred at constant tienperature
for various bi nﬁéyﬁﬂﬁﬁ itions. These nmedsuremgnts were then reduced to
equi | i brium vag %éﬂ; }2 conpositions |i h(Thd ¥&ightRewgntage NRTL
equati on. The vapor pressure jneasuried vergys éhe confposi ti ons
in the 15 PTx gell for Z-FC 1336nez/ isopgntane jm xture g shown in FIG 3,
which illustrat i-cat " f-orrat-dn—af —aze€ oPt--afta
azeotrope-like ?E%%E}'ﬁ&ﬁ)ﬂ%ﬁ"g mftq 4 ,"ﬂbhexafl utpgméggutene and
i sopent ane at 19-9-_Oct—as—ipdie d A XL about -40.0 myle %
Z-1,1,1, 4, 4, 4- %Egﬁm@zyi\%@h@f% 60./0 ol 4 % i suf8ht-BRe havi ng t he
hi ghest pressurie_over the range of conposiltions|at this tenperatyre. 5Based
upon these findi§&-1336maz/Neltw! taamete at dd 20at| z- FO-995888zz and
i'sopent ane form.azeotropic conpositions ranging|fromabout 37.1 nole
percent to aboytZ-B&-633inezdettwhiordake- 133668z jand f1-007pbout 62.9 nol e
percent to abodt 51.4 nole percent isopentjane (which form azeotrqgpic
conposi ti ons bdiZ-FOg138cmzEaneeifidiiatel Tlrogy 10 abouf.ggP{lgt 6 about 120c
and at a pressyre of from about 2.7 psia (j19 kPg) to about 199 psia (1372
kPa)). Sone e”t@_#@‘l‘ﬁ@sx?ﬂzzﬁﬂé@\‘y{ﬁﬁhﬁtéo os,izroi s arﬁgb}ﬁggd rmTabl e 7.
5 Table 3 Azeotrope-like compositions
Weight Percentage |
COMPONENTS T (°C) Range
Z-FC-1336mzz/Methyl formate 40 10-90/10-90
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 10-80/10-90
Z-FC-1336mzz/Methy! formate 80 10-90/10-80
Z-FC-1336mzz/Methyl formate 120 | 10-90/10-80
It was found through experiments that Z-FC-1 336mzz and
10  pentane form azeotropic or azeotrope-iike compositions. To determine the

relative volatility of this binary pair, the PTx method described above was
used. The total absojute pressure in a PTx cell of known volume was



Tabl e 7 Azeotropic conpositions Azeotropic Tenperature (C) Azeotropic
Pressure (psia) Z-FC 1336nzz (nole % |sopentane (nole %9 - 20.0 2.72 37.1

523 430 arbiotied Bl Qoo oflh BubilededindBions il O 154
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
5 PTx cell for Z-FC-1336mzz/pentane mixture is shown in FIG. 2, which
ilustrates graphically the formation of an azeotropic and azeotrope-like
composition consisting essentially of Z-1,1,1,4,4,4-hexafluoro-2-butene
and pentane at 19.9 °C, as indicated by a mixture of about 50.0 mole %
Z-1,1,1,4,4 4-hexafluoro-2-butene and 50.0 mole % pentane having the
10 highest pressure over the range of compositions at this temperature.

Based upoh these findings, it has been calculated that Z-FC-1336mzz
and pentane form azeotropic compositions ranging from about 48.2 mole
percent to about 58.7 mole percent Z-FC-1 336mzz and from about 51.8

15  mole percent to about 41.3 mole percent pentane (which form azeotropic
‘compositions boiling at a temperature of from about -20 °C to about 120
°C and at a pressure.of from about 2.2 psia (15 kPa) to about 182 psia |

(1255 kPa)). Some embodiments of azeotropic compositions are listed in
Table 4.
20

25

30
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57.2 50.0 40.5 43.5 56.5 60.0 53.4 44.2 55.8 70.0 69.0 44.8 55.2 80.0 87.6
45.5 54.5 90.0 110 46.2 53.8 100.0 135 46.9 53.1 110.0 165 47.7 52.3 120.0
199 48.6 51.4 15Additionally, azeotrope-|ike conpositions containing

Z- FC-1336nzz and isopentane may al so be fornmed. Such azeotrope-Iike

conposi tions Table 4 Azeotropic compositions
Azeotropic Azeotropic Z-FC-1336mzz Pentane
Temp(%')ature Pressure (psia) ‘ (mpie %) (mole %)
-(20.0 2.20 | 48.2 518
10,0 3.70 489 51.1
0.0 5.91 . 49.5 50.5
100 9.07 . 50,1 9.9
20.0 13.4 50.7 49.3
30.0 19.2 51.2 48.8
40.0 26.7 51.8 48.2
50.0 362 52.3 477
60.0 48.0 52.9 " 47.1
70.0 G62.4 53.6 46.4
80.0 79.6 54.3 _ 457
90.0 - 100 55.1 449
100.0 124 -56.0 44.0
110.0 151 57.2 42.8
120.0. 182 58.7 41.3

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.

10

15
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exi st around azeotropic conpositions. Sone enbodi nents of azeotropelike
conpositions are listed in Table 8. Additional enbodi nents of .
azeotrope-li ke conpositions are listed in Table 9. 5Table 8 Azeotrope-like
conposi tions COWONENTS T (C) Wei ght Percentage Range

Z- FC-1336nez/ | sopent ane -40 40-65/35-60 Z-FC-1336nezz/| sopentane 0O

45 70/ 30-55 Z- FC—1336nzz/Iso-entane 20 45 75/ 25-55 Z- FC-1336nzz/ | sopent ane
"40 45-75/25-55 Z- FC- 1336n2& ‘ jepediesprapodis

Z- FC- 1336nzz/ | sopentame—120—1=99+1=99 “able FAzeottrope-—tike—epnposi ti ons

COMPONENTS T (C)| Wei ght Per cent age Rangg Z- FC{1336nzz/| sopentang -40
49-58/ 42-51 Z- FG C3RgPpodERygent ane O 53-16(3(;?)5- Weiéhl:ﬁeﬂc%?ﬁﬁ&é/ sopent ane
Range
Z-FC-1336mzz/Pentane -40 60-75/25-40
Z-FC-1336mzz/Pentane 0 60-80/20-40
Z-FC-1336mzz/Pentane 20 60-82/28-40
Z-FC-1336mzz/Pentane 40 60-85/15-40 .
Z-FC-1336mzz/Pentane 80 - 55-90/10-45
Z-FC-1336mzz/Pentane | 120 45-89/1-55
5 ' Table 6 Azeotrope-like compositions
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 ©4-78/22-36
Z-FC-1336mzz/Pentane 80 62-84/16-38
Z-FC-1336mzz/Pentane 120 57-99/1-43

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

10  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

15 PTxcell for Z-FC-1336mzz/ isopentane mixture is shown in FiG. 3, which
llustrates graphically the formation of an azeotrope and azeotrope-like

14



20 53-68/32-47 Z-FC-1336nezz/| sopentane 40 53-71/29-47
Z- FC-1336nzzi | sopent ane 80 52 77/ 23-48 Z-FC-1336nzzi |l sopentane 120

43-89/11-57 | t. h [ th Z- FC- 1336 d
F 3650t o 1STIRSTIYR She T d dhBuTRehd Bilsnearat isoneene Aiaee  ve
volatitity o, b@lsﬁd@awuya%fxturbftﬁa'BMt agtmﬁgﬂéi%czwbﬁ%amve was used.

The total absolute pressure in a PTx cel nown vol unk’'was neasured at
const ant t erfifeduoie2futenesnd (0. Bimcle Vo disopertane bavingThe seghesasur enent s

h dli d i ti [ h |1
Ui ng the neTESSitmelihb wmabe HEbIABRULEAF ot WS EmEE DR us "t he
conposi tisons in the Ba&dd upshlthésy fifdif§s L?ﬁﬁ@%%n'fa%lﬁ%@ftﬁamﬁ@re I's

shown in FIG_4, which illustrates graphically the fornation of
azeot r ope- | i 1&35aAARY isapestate form azeptmpic IPDﬁmfﬂQm@rfangmgdtcane and

?F??(Sinchéz?%gxaf uorogeﬁ%mﬁﬁé%@g@%@@%é?ég %3&2”‘5?35 2w rml %

10Sone enbodarmrbeub G242 rRfie PRt keabouPSs Ut heRSpétent fsébeﬁltahe Tabl e 10.
Addi ti onal %rrents of azeotrope-like conmpositions are listed in Table

11. Table 1d W%@Z@q m*%m&ﬁme&&WWw&wp offraggnt Per cent age

17087130 7 FRAAL T il d20’C o it qprieGusnib RIS TR S ot o0

1-99/1-99 kPa)to about 199 psia (1372 kPa)). Some embodiments of azeotropic
compositions are listed in Table 7.

- Table 7 Azeotropic compositions

Azeotropic Azeotropic Z-FC-1336mzz | Isopentane
Tempoz(a:r)ature Pressure (psia) (mole %) {mole %)
»(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 40.4 59.6
20.0 15.4 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 53.4 442 55.8
70.0 69.0 448 55.2
80.0 87.6 45.5 54.5
0.0 110 462 53.8
100.0 135 46.9 53,1 ‘
110.0 165 77 523 |
1200 199 486 51.4
15 Additionally, azeotrope-like compositions containing Z-FC-1336mzz

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

15



Z- FC- 1336nezz/ HFC- 365nf ¢ 120 1-99/1-99 Z-FC-1336nerz/ HFC- 365nfc 160 1-99/1-99
Tabl e 11 Azeotrope-li ke conpositions COMWPONENTS T (t) Wei ght Percentage
Range Z- FC-1336nezz/ HFC- 365nfc -40 10-99/10-90 Z- FC-1336nmez/ HFC- 365nfc O

10- 99/ 10- 90 X'g@reyndAzertppicamamaesitigns Gogoe embrriments ¢bamAtioNe=C- 365nf ¢

80 10-90 Zz-
10-90
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Z-FC-1336mzz/isopentane 0 45-70/30-55
Z-FC-1336mzz/Isopentane 20 45-75/25-55
Z-FC-1336mzz/isopentane " 40 45.75/25-55
Z-FC-1336mzz/isopentane 80 40-85/15-60
Z-FC-1336mzz/Isopentane 120 1-99/1-99

Table 9 Azeotrope-like compositions

PTx net hod
of

um vapor and
vapor

- FC- 1336nez/
| ustrates

e at 50.1 C,

COMPONENTS T{°C) | Weight Percentage
_ | | Range
Z-FC-1 336mzﬂisopentane -40 49-58/42-51
Z-FC-1 336mzzlisopéntane _ o 53-65/35-47
Z-FC-1336mzz/Isopentane 20 53-88/32-47
Z-FC-1336mzz/lsopentane 40 53-71/29-47
Z-FC-1336mzz/lsopentane | 80 |  52-77/23-48
Z-FC-1336mzz/Isopentane 120 43-89/11-57

10

It was found through experiments that Z-FC-1336mzz and HFC-385mfc

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

16



15hexaf | uoro- 2- butene and 35.2 nole % trans-1, 2-di chl oroet hyl ene having the
hi ghest pressure over the range of corrp03|t|ons at this tenperature.

Based upon t arf\t‘t@ p'é9§tur %orhﬁa?:ot&%e& g Z FC1336nezz -and
yl % C %?

trans- 1, 2- di chl or oet ene ormazeotrop Sfangl ng from about

62.4 nol e pemsﬁr&mﬂb%rel%e@ r@%@@ﬁf@ﬁitabﬂurﬁ@sp%@ahaaﬁm and from
about 37.6 nole percent to about nol e percen
trans-1, 2- dlﬁ‘PfF‘B?%B?'Pﬁ/l”e‘s?@ qelliising fisg MRHesavaliors conpositions boiling at a

Lmperat ure of 11 om 800VkporCcife AL IE0c AN el g pael o
azeot robiﬁc cBipasll forah& Cat 336mMHFm3%E®dgnﬁ?urJMf§vm mPsEEQEtl opi ;3

it ure Si a
o o e TR Yol St B erms pmondhor oo o2
37.6 - 10.0 & 74 $3,44 AndeiuBrédoubReBridHEC St 98564 % 3¢ 2 20.0 10.5

63.1 36.9
indicated by a mixtures of about 1 toc 99 mole % Z-1,1,1,4,4,4-hexafluoro-
2- butene and about 1 to 99 mole % HFC-365mfc.
10 Some embodiments of azeotrope-like composmons are listed in

Tabie 10. Additional embodiments of azeotrope-like compositions are
listed in Table 11.

Table 10 Azeotrope-like compositions

COMPONENTS T (°C) | Weight Percentage
Range

Z-FC-1336mzz/HFC-365mfc | -40 1-89/1-99
Z-FC-1336mzz/HFC-365mfc 0 1-99/1-99
Z-FC-1336mzz/HFC-365mfc | 40 1-99/1-09
Z-FC-1336mzz/H FC-385me 80 1-89/1-99
Z;FC~1 336mzz/HFC-365mfc | 120 1-99/1-98
Z-FC-1336mzz/HFC-365mfc i 160 | 1-99/1-99

17



30.0 15.3 63.6 36.4 40.0 21.7 64.2 35.8 50.0 29.9 64.8 35.2 60.0 40.3 65.5
34.5 70.0 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

. . . . .0 , .
69.0 31.0 110.0 138 70.0 %b?e Jf % %zeotrope-hke compositions

COMPONENTS T (°C) | Weight Percentage
Range

Z-FC-1336mzz/HFC-365mfc | 40

10-89/10-90
Z-FC-1336mzz/HFC-365mfc | 0O 10-99/10-90
Z-FC-1336mzz/HFC-365mfc | 40 10-89/10-90
Z-FC-1336mzz/HFC-365mfc | 80 10-80
Z-FC-1336mzz/HFC-365mfc | 120 | 10-90
Z-FC-1336mzz/HFC-365mfc | 160 10-90

It was found through experiments that Z-FC-1336mzz and
trans-1,2-dichloroethylene form azeotropic or azeotrope-like compositions.
5 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. ‘

10 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-

15 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 frans-1,2-dichloroethylene form azeotropic compositions
ranging from about 62.4 mole percent to about 71.0 mole percent Z-FC-

20 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

18



170 71.0 29.0 Addi tional ly, azeotrope-like conpositions containing
Z-FC-1336nezz and trans-1, 2-dichloroethyl ene may al so be fornmed. Such

azeotrope-|i X St ar un eot.r opj osi tions. Sone
embodi mont s TR LBENA ( HemB S 2O LT BPRR St 15

Addi tional eginbddimatts @faz@éﬁ@brcoaﬁnﬂméqﬁoﬁ@a@ﬁﬁba%\Sraarewb' sted in Table
14. Table 13 Azeotrope-like conpositions COVPON T (C Weight

Per cent age Range Z- FC 1SSGWMMM&MM&§GHG -40 71 82/ 18- 29

Z- FC- 1336ne it ohtot-oet ll"l ee {3614 33
Z-FC- 1336nz 4/ t{?r"’t?pgc i dhl oPEPHOPENe boAEE S3fomes trans-1,2-
Z- FC- 1336nz/ t %‘HEoe&d‘fE"edl chlpé?%%{fﬁjp%lﬁé 10 6810 %) 35 dichloroethylene
Z-FC 1336neritran&©) 2. di dhl or oet hyl ene BQ_63- 99/ 1- 37 (mole %)
Z-FC 1336nz¢/ t r an010 2- di ghl or 0ét8fyl ene 120 61624/1-39] 37.6
Z- FC- 1336nye ztranssi;2=ci-eht-oroethytene—160—58 nn_/ 142 —TFable-14
Azeotrope-1ike conpositions NTS T 62.
0.0 4,47 62,5 37.5
10.0 6.98 62.8 37.2
200 105 63.1 36.9
30.0 15.3 63.6 36.4
40.0 217 64.2 35.8
50.0 . 29.8 - 64.8 - 35.2
60.0 403 65.5 345 -
70.0 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 o 69.0 : 31.0.
110.0 138 70.0 30.0
120.0 170 71.0 29.0
5 Additionally, azeotrope-like compositions containing Z-FC-1336mzz

and trans-1,2-dichioroethylene may aiso be formed. Such azeotrope-iike
compositions exist around azeotropic compositions. Some embodiments
- of azeotrope-like compositions are listed in Table 13. Additional

embodiments of azeotrope-like compositions are listed in Table 14.
10
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Percentage Range

Z-FC-1336mzzftrans-1,2-dichloroethylene

-40

72-80/20-38

Z-FC-1336mzzftrans-1,2-dichioroethylene

0

69-83/17-31

Z-FC-1336mzz/trans-1,2-dichloroethylene

20

68-86/14-32

Z-FC-1336mzzftrans-1,2-dichloroethylene

40

68-90/10-32

Z-FC-1336mzzftrans-1,2-dichloroethylene

80

66-89/1-34

Z-FC-1336mzz/trans-1,2-dichloroethylene

120

65-99/1-35

Z-FC-1338mzz/trans-1,2-dichloroethylene

160

65-99/1-35

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

compositions in the cell using the NRTL equation,

15

measurements were then reduced to equilibrium vapor and liquid

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-

20

1,1,1,4,4 4-hexafluoro-2-butene and HFC-245fa at 19.9 °C, as indicated



COMPONENTS T (C) Wi ght Percentage Range Z- FC-1336nzz/ HFC- 245fa -40
1-19/81-99 and 97-99/1-3 Z-FC 1336nez/ HFC- 245fa 0 1-22/78-99 and 95-99/1-5

-FG - 245f 3. 40 1-26174-9 4-99/ 1-6_7- FC- 1336nwz/ HFC- 245f a
0 135/ 65. 99 TRIOED Gerbput 8 Az b b dreevors Sapuang and
76-99/1- 24 JrbhBodt; PEL99 FrQﬂ@%Hﬁ:—QQEP@WitH@éb})%%?g NFS T (C) Wei ght

Per cent age Range Z- FG 1336nmez/ HFC-245fa -40 10- and 98-99/1-2
Z- FC- 1336nez2pFoxzasey 7 poaiai 36 ), amd by Tristires f 2bBGt 983688 21bIEC- 245f a

40 1017/ 83- 90, BRA 901 9 Al & RTESIWEENERG LT B B0 RRLT245 and
5  with vapor pressure of approximately 9 psia (62 kPa).
Some embodiments of azeotrope-iike compositions are listed in
Table 15. Additional embodiments of azeotrope-like compositions are
listed in Tabie 186.

Table 15 Ageotrope-l‘ike compositi_ons

COMPONENTS T (°C) | Weight Percentage Range
Z-FC-1336mzz/HFC-245fa | -40 1-19/81-99 and 97-99/1-3
Z-FC-1336mzz/HFC-245fa 0 1-22/78-99 and 95-99/1-5

Z-FC-1336mzz/HFC-245fa 40 1-26/74-99 and 94-99/1-6
Z-+C-1336mzz/HFC-245fa 80 1-35/65-99 and 90-99/1-10
Z-FC-1336mzz/HFC-245fa 120 1-58/42-89 and 76-99/1-24

10

Table 16 Azeotrope-iike 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
16 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.

21



10-33/67-90 and 90-99/1-10 It was found through experinents that
Z- FC-1336nzz and di net hoxynet hane form azeotrope-|ike conpositions. To

determ ne the 15rel aﬂ_ig%e vol at i | pair, the PTx method
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| i qui d conposhich dlustrates graphédallydbe formationN/Tiz esduope-lite compositions The
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COVPONENTS T 3its 1efgditiopal eebosieenisrfezeotropedesamppsitenosigret hane - 40
1-99/ 1- gg leﬁ%dlﬁ &/4d met hoxymet hane 0 1-99/1-99
nez nmet

Z-FC- 13 oxymet hane 40 1-99/1-99 Z-FC- 1336nzzJD i et hoxynet hane

80 1-99/1-99 Z-FC 1336ne2/Tabiet idasuttcpanikeldimpoigbhs 99

Z- FC- 1336nez/ Dret-hoxyret-hane—160-1-99/..1.9

T Weight Percentage
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 1-99/1-98
Z-FC-1336mzz/Dimethoxymethane 80 1-99/1-99
Z-FC-1338mzz/Dimethoxymethane | 120 1-99/1-89
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 5-95/5-85
Z-FC-1336mzz/Dimethoxymethane 0 5-95/5-95
Z-FC-1336mzz/Dimethoxymethane 40 5-85/5-95
Z-FC-1336mzz/Dimethoxymethane | 80 5-85/5-85
Z-FC-1336mzz/Dimethoxymethane | 120 5-95/5-95
Z-FC-1336mzz/Dimethoxymethane | 160 5-95/5-95

15 it was found thlrough 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

22



Tabl e 18 Azeotrope-|i ke conpositions COVWONENTS T (C) Wi ght Percentage
Range Z- FC-1336nzz/ Di net hoxynet hane -40 5-95/5-95

Z- FC- 1336nezz/ Di met hoxymet hane 0 5-95/5-95 Z- FC- 1336nez/ Di met hoxynet hane 40
5-95/5-95 Z- FC-1336nez/ Di net hoxynet hane 80 5-95/5-95 Z-FC- 1336

mez/ Di met hoxyxpbo@ag8ok?Radu88d STibtotal EsbRES pressDiaTRt AP YRl lbane 160
5-95/5-95 151t was found through experinents that Z-FC 1336nzz and
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cycl opent anehizh ilt@irasQrapsicaivihedoedatinn of an azantwpid cappositionod mle % z-1
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Based upon tlarsed bydinmgsire bt albas 83cemoiatcniatied 4 Hat-hExafwsserrz and
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0
percent 0o buieae apd 38 10k Hepyrrenanechaung SUREPFYMmUWBbut 35.8 nol e
percent to ﬂ'fégr%?@%f EoBL &S SEMls EMieppgrd ane (which form azeotropic

S boi FT n

conposition g at a tenperature of from about -20c to about 150C and
at a pressure of fromabout 1.7 psia (12 kPa) to about 302 psia (2082
kPa)). Some enboBasentsorotheaz datiingpj it hesbpes iceicaladedtiatid-E€ed in Tabl e 19.

1336mzz and cyclopentane form azeotropic compositions ranging from
about 64.2 mole percent to about 74.4 mole percent Z-FC-1336mzz and
15 from about 35.8 mole percent to about 25.6 mole percent cyclopeniane
{which form azeotropic compositions boiling at a temperature 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 19.



Tabl e 19 Azeotropic conpositions Azeotropic Tenperature (C) Azeotropic
Pressure (psia) Z-FC 1336nzz (nole %9 Cyclopentanel (nole %91 - 20.0 1.74
64.2 35.8 - 10.0 2.98 63.9 36.1 0.0 4.86 63.7 36.3 10.0 7.59 63.6 36.4 20.0
11.4 63.5 36.5 30.0 16.6 63.6 36.4 40.0

Table 18 Azeotropic compaositions

Azeotropic Azeotropic Z-FC-1336mzz Cyclopentane
Temperature Pressure (psia) (mole %) (mole %)
(°C) N
-20.0 1.74 64.2 35.8
-10.0 2.98 _ 63.9 36.1
0.0 4.86 683.7 36.3
10.0 7.59 63.6 36.4
20.0 11.4 63.5 36.5
30.0 16.8 83.6 36.4
40.0 23.4 63.7 36.3
49.97 32.1 63.9 36.1
50.0 32.1 63.9 36.1
60.0 43.1 B84.2 35.8
70.0 56.7 64.6 35.4
80.0 73.2 65.1 34.9
90.0 92.9 65.8 34.2
100.0 116 66.6 33.4
110.0 144 687.6 32.4
120.0 175 68.9 31.1
130.0 211 70.4 29.6
140.0 ' 254 72.3 27.7
150.0 302 74.4 25.6

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 20. Additional embodiments of

azeotrope-like compositions are listed in Table 21.

Table 20 Azeotrope-like compositions

Weight Percentage

COMPONENTS T (°C) Range
Z-FC-1336mzz/cyclopeniane | - 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-F(C-1336mzz/cyclopentane 120 70-99/1-30 |
Z-FC-1336mzz/cyclopentane 150 | 68-99/1-32 |

10
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23.4 63.7 36.3 49.97 32.1 63.9 36.1 50.0 32.1 63.9 36.1 60.0 43.1 64.2 35.8
70.0 56.7 64.6 35.4 80.0 73.2 65.1 34.9 90.0 92.9 65.8 34.2 100.0 116 66.6
33.4 110.0 144 67.6 32.4 120.0 175

Table 21' Azeotrope-like compositions

COMPONENTS T Weight Percentage
' (°C) Range

Z-FC-1336mzz/cyclopentane - 20 80 - 86/14 - 20
Z-FC-1336mzz/cyclopeniane 0 80 -87/13 - 20
Z-FC-1336mzz/cyclopentane 40 80- 90/10 - 206
Z-FC-1336mzz/cyciopentane: 80 80 - 95/5 - 20
Z-FC-133Bmzz/cyclopentane | 120 80 - 95/5 - 20
Z-FC-1336mzz/cyciopentane 150 80 - 99/5 - 20

The azeotropic or azeotrope-like compositions of the present
invention can be prepared by any convenient method including mixing or
5 combining the desired amounts. in one embodiment of this invention, an
azeotropic or azeotrope-iike composition can be prepared by weighing the
desired component amounts and thereafter combining them in an
appropriate container. |
The azeotropic or azeotrope-like compositions of the present
10 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,
15 particulate removal fluids, carrier fiuids, buffing abrasive agents, and
dispiacement drying agents.
One embodiment of this invention provides a process for preparing
a thermopiastic or thermoset foam. The process comprises using an
azeotropic or azeotrope-like composition as a blowing agent, wherein said
20 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 methy! formate, pentane, 2-methylbutane, 1,1 ,1 ,3,3-
pentafiuorobutane, trans-1 ,2-dichloroethyiene, 1,1 .1 ,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane.
25 Another embodiment of this invention provides a process for
producing refrigeration. The process comprises condensing an azeotropic

or azeotrope-like composition and thereafter evaporating said azeotropic

25



68.9 31.1 130.0 211 70.4 29.6 140.0 254 72.3 27.7 150.0 302 74.4 25.6
Addi tionally, azeotrope-like conpositions containing Z-FC 1336nzz and

cycl opent ane ma | so be formed, Such azeotrope-Ilike conpositions 5 exist
a?lou ng az eotW@%@%?Bﬁﬂ@@i qanepsitien ipthenysimtinatdhe spdy je Becopiad. ke

i C e , ey g ‘
ebtr opes i Bl S8l St ob R arbirdilitd BB oS MRS e Sentialy ope- 1 ke
conposi ti onmf@ﬁﬂﬂ\j&bﬂ%d@)’luﬂ&i—@kﬁut@g? ﬁdtaaggmzﬁ@r#lgaa %%lgcted/fromlthe t 0
Z- FC- 1336nzz/ I . -20, 01 - - - FC- nez/ cycl opent ane
To < Bl a3 rouS sORERYAGeh a Y bRl Aebtane. ZmetOUP NS, 36 1.5.5

Z- FC- 13362 Z{ht s RREBLEAREG, trans-1,2-dichloroethylens, 1,1,1,3,3-
| pentafluoropropane, dimethoxymethane and cyclopentane.

Another embodiment of this invention provides a process using an
azeotropic or azeotrope-iike composition as a solvent, wherein said
azeotropic or azeotrope-like composition consists essentially of Z-

10 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, frans-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-fike 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-dichioroethylene, 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-
pentaflucropropane, 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-iike composition as a fire extinguishing or |
suppression agent, wherein said azeotropic or azeotrope—iike' 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-

26



80 72 - 99/1 - 28 Z-FC-1336nez/cycl opentane 120170 - 99/1 - 30 _
Z- FC-1336nzz/ cycl opentane 15068 - 99/1 - 32 10 Table 21 Azeotrope-like

2 e 1336me SPE O gEREand 1 5o BEnaBEPIPUIaTR 1 dsaknerpeiieagent ane 0
goFCBIgégnzz‘lg’gy%Is?g%%?%ﬁgB gdcfﬁ }é’gé“ﬁé”%’}“@%wa&e%&@é‘%&: Tqu(%e&g?%%ent ane 120
Another embodiment of this invention provides a process using an
azeotropic-or azeotrope-like composition as dielectrics, wherein said |
5  azeotropic or azeotrope-like compaosition consists essentially of Z-
1,1,1,4,4,4-hexafluoro-2-butene énd a component selected from the group
éonsisting of methyl formate, pentane, 2-h1'ethylbu'tane, 1,1,1,3,3-
pentafluorobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-

pentafluoropropane, dimethoxymethane and cyclopentane.
10
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80 - 95/5 - 20 Z-FC- 1336nzz/cycl opentane 150 80 - 99/5 - 20 The azeotropic
or azeotrope-like conpositions of the present invention can be prepared by
any conveni ent nmethod including mxing or 5 conbining the desired anounts.
In one enbodi nent of this invention, an azeotropic or azeotrope-like
conposition can be prepared by wei ghing the desired conponent anounts and
thereafter conmbining themin an appropriate container. The azeotropic or
azeotrope-li ke conpositions of the present 10 invention can be used in a

wi de range of applications, includi@g@iMEir use as aerosol propellants,
refrigerants, solvents, cleaning agents, blow ng agents (foam expansion
agents) for thernoplastic and thernoset foans, heat transfer nedia, gaseous
di el ectri cs, 1f W eomepdditigucatdistihgasdestigligragssi on agents, power cycle working
fluids, polynerization ia, 15 rticulate removal fluids, carrier
fluids, buff %é@ﬁa@f‘\f’gf'g&éﬁfﬂ@m%ﬁ g Ascenent drying agents. ne
enbodigrent of (hhiysiohBMaNE! AReRIRHOSRIChPIRRER DréQnt B SR RFLE2 ,

t her nopl astic or "thernopset foam The process conprises using an azeotropic
or azeot popeNt fadera@pargatiopie egmbindliawivil theydrit. 1, Twhédeiexalaprp-20
azeotrop%&KQk azeotrope-li ke conposition consists essentially of Z- 1,1 ,1
, 4,4, 4- hexaf I'uor o- 2- but ene and a conponent selected fromthe group

consi fsltl ng 82. rfméﬁaiedtmpﬂmb@npgﬁﬁ?:?nﬁlaiﬁ;mlebhyilsbm@ assantidily &f frdm. 3, 3-

pent af | uor obut ape, ns-1 , 2-di or qQ ene, 1 ,1 .1 ,3 3-

pent af | uor opr oﬁﬁﬂ'ét,é‘{jgr%qlﬁm ?Paﬂ%ouat?&-%ml%%rﬁﬁahéﬂ'béﬁa‘bf’*her enbodi ment
of thigs i nvent haRaMiNYi208ReAe BRAGRYS abQit 35 OHHé Rardept {d SsdatEan. The
process conprises condensing an azeotropic or azeotrope-like conposition
and thereafterﬂéW%B@ﬁ%ﬁﬁﬁgﬁ@@@ﬁa@%éHNGQBﬁ%boﬁﬂg&@éﬁﬁ@@p@ﬁﬂWEéﬁﬁ@nposition

[ n the vicinitypgle bBechBthd P 18626 bslec 8 f ilpPab Sl A2 PBLEIREC O
azeotrope-|i ke conposition consrsts essentiall’y o

Z-1,1,1, 4, 4, 4- kBaafd alona-322nsia(@®88dPaa. conponent sel ected fromthe group
consi sting o thyl formate,. pentane,. 2-nethylbutane, 1,1,1, 3, 3-

Spent af | uor obutarBepsBRE BoRes e hrgbafhg ene. 1 1.1 3. 3.

pent afsl uor opr gname,1, di nE4-RexxRire208 taRst gnicl opent ane. Anot her

enbodi nent of this invention provides a process using an azeotropic or
azeot r ope- | i k) SyRipB8NIENENWASraN Hs QyStRPenidnerisipresaatt i az efeetvsi ¢ or

azeot ropgz|d it nsi t i ) ) _

1,1, 1,4, %ﬁguﬁgao;@ﬁﬁ%?foé_ize%@rgﬁ gﬂgbgﬁ@@aﬁ@@%g{nﬁtfgéﬁéﬁﬁé hfe ?(E(a)fr%]c{rﬁe group
consi st i Aepudénaret hyl formate, pentane, 2-nethyl butane, 1,1,1, 3, 3-
pent af | uor obyt ane, _trans-1,2-di chl gr oet.hyl.e 1,.1.1,3,3-..

pent af | uor opt-opate?® %WEFéBS‘?ﬁ?Q?Wéﬁ@nﬁ&yaé'{)gf%{é%%t%‘?gsﬁ%?l|¥e‘i‘f B odi ment

of thigs i nvent E@no POGVigRISpRCAitICESIST Bar 4-hex MMAYO-haehd apgFRHPB2 pr oduct .
The process conprises using an azeotropic or azeotrope-like conmposition as

a propel | ant, hémsightosreerd susiopepiape othasaestizeshay Jtiactermasaiure plon

consi sts essenti.al | ~ 1.4 : -2 . conmponent
sel ected from E’JRQ-I 5?008{;05%%05?%’ﬁaﬁ%é%r?p%%‘ﬁﬁ%hwgé%a%g,gl&pqgﬁﬁq aﬁ%ﬂ p%"ﬁ

2- met hyl but anepreksiirel ai8d Bubleiptpmintpoessoud ahiess U anegulal 2 dipehdepit oet hyl ene,
1,1,1,3,3-pentﬁéL%?rogrﬂFagqﬂvdinE hoxymet hane and cycl opent ane.

Anot her enbodi HETEY BPOT HiSPYIRIBRRPINOR™ SR des a process using an azeotropic
or azgotropes | pkftoEOsERP f)}'é;ﬁ{ﬂinaﬁa mehﬂaﬁnaéﬁ@mﬂﬁfmm'faamv&w;msmgsa' d
azeotropic or azeotrope-like conposition consists essentially 25 of
Z-1, 1, 1, 4, 4, 4- HelREANRASIRPELRIevEOHREEHKe 6APOASHEN S6| lipwing agantt he group
consi sting of =1 , 1,1, 3, 3-
pentafluorobutgﬁ%ﬁﬁbﬁéﬁgg%%ﬁpggg ﬁ%?@gPﬁﬁWgég¥h@@%ﬁ§ﬁ§?§@%&

pent af | uor opr opssantiatly weEHiokyirde Halmex afindroe3-bltgrendraheycidveotdier. enbodi nent
of this invention grovgde§§ﬁ r0cess for 30 extingui hi ng or suppressing a
fire. The procOSCRGHHN BERIYIHGIHEralaL e BRI ENg FORdRATLAR- | i ke

conpagi tion asagedtrdfic BXhiawtt ke PRp It SRSiHePeAGS Rl apdRER§AIgSal d
azeotropic or azeotrope-like conposition_ consists essentially of

Z-1,1,1, 4, 4, 4- Hé%fqm%%a@e%{ﬂp@dé@aﬁ%n@%waﬁ%t’*cﬁ“éﬂyéﬁttfééﬂbﬁ‘Ja/}biﬂ behe group
consi sting of nethyl formate, pentane, 2- nethyl butane,

1,1,1, 3, 3-pentaf | uorobut ane, trans-1, 2-di chl oroet hyl ene,

1,1,1, 3, 3-pent af | uoropropane, di met hogynet hane and cycl opentane. Anot her
enbodi ment of this invention provides a process using an azeotropic or
azeotrope-li ke conposition as dielectrics, wherein said



5azeotropi c or azeotrope-|like conposition consists essentially of Z-
1,1,1,4, 4, 4- hexafl uoro-2-but ene and a conponent selected fromthe group
consi sting of nethyl formate, pentane, 2-nethylbutane, 1,1,1, 3, 3-

pent af | uor obut ane, trans-1, 2-dichloroethylene, 1,1,1,3, 3-

pent af | uor opr opane, di met hoxynet hane and cycl opentane. 10 CLAIMS 1. A
conposition consisting essentially of: (a)
Z-1,1,1,4, 4, 4- hexaf | uor o- 2- but ene; and 5(b) cycl opentane; wherein the
cycl opent ane i sopledswherdimsaid azebtropicws aaevioope-tike Eompositiomzentistopi ¢

conmbi nation wth e nl- “A, 4, A-hexafl uoro-2- butene. 2. The azeotropic

conposi tion of 98?%%"! Oig#sijf’gﬁ’%g' Eﬁ?foé 'lb)‘/'t%}e ?W%W‘g e 2 nol e

percent to abowl prideds sarhprigiag el afr dzebirbpit, &, AFecliObeXiRk lceafp@siohut ene and
rcent to about 25.6 nole percent cyclopentane, which

from about 35.8 nnkg e . ) .

has boiling poiditd ¥ \‘%@r‘ﬂt‘%ﬁe@? BRIC EBAY ANB Of 200 BRBeRUPOIBUT at a
pressure of fr%Hhﬁ@@%ssént?al%f%—ﬂ?‘!,Kﬁfﬂﬁnh%ﬁgf%%‘-@-@lﬁgné)%ha (2080 kPa). 3. A
conposition consisting essentially of: 15(a

Z-1,1,1, 4, 4, 4- Ggstapentane- 2- but ene; and (b) cycl opentane; wherein the

cycl opent aneg i i . | unt to forman azeotrope-like
conbi nati on E\SNI ?}]&{0‘%%5%{0{? EOC?J&H1GQL£§8%@§§# ﬁrggy(gf_%ﬁ?ré%%g U219 e

azeotrope-| i ke agesipgsic br agedtfopet-ienadnmittinsas A@rassiant, ividryinadaid rom 2068
to 99 weight percent .Z-1,1,1,4,4, 4-hexafl uoro-2-butene and from32 to 1

wei ght per cent 35FRIBAT aRORRatkectERRORitPRPNsigts gssfisly 8T ére of from
-20C o 150 C, 15ph 4 £9HR8AGB8R-baehBH Gticheheee in dew poi nt pressure
and bubbl e point pressure of less than or "equal to 5 percent based upon the
bubbl e poi nt 9preRrogess cIBBrising peingassaZapiropicepaazeatopetike compoaidivhc or

t her noset foam Ry ' ot I ORI . -1 L ke conposition
as a bl ow ng aSg%{Wé‘J\ﬁE’?B gfeﬁﬁ%ﬁ%ﬂ@}%ﬁ%&&?gﬁ%?tpcépzugéfg%%og?ﬁeﬁi conposi tion
consi st s essentomipbyitiof c@rdists, dsséntald-diex afl| Lo M0s-Rehafiiene-2andesy cl opent ane.
6. A process for producinﬂ refrigeration conprising condensing an

30azeot ropi ¢ oP"4F¥BPPEYEDPI ke conposition and thereafter evaporating said

azeotysopi ¢ 0f( AZHOLELPRT kiSRG F biitebding BEird cBhiprkihgOlisihf@anbody to be
cool ed, wherein said azeotropic or azeotrope-like conposition consists
essenti al | y of azeqtrapiq onazecfranexiiee epsrresitidnasea draadinguishipeat ane. 7. A
process conpri §j i L QR l.kke,conposition as a
sol vent, mhere§HB@§$%b§%g%ﬁFg%?%&@%%ggg%%ggéﬁ?é{%%ﬁ%ghggggtion 5consi st s
essenti al | y of cgmppiifien 4pdsidtshaseantialyraf-221 Hut,é ded-aprafbyrd-Gpimrtitame. 8. A
process for prodaciqg an aer osol product conprising using an azeotropic or
azeot rope- | i ke ?BBPBEPTT'BR®as a propel I ant, wherein said azeotropic or
azeotygope- | i ke ACHEPOS ddrapricing ebipharesaetbbir! drazebtrépe-like composition o
101, 1,1, 4, 4, 4- hexaf | uor o- 2- but ene and cycl opent ane. 5. A process conprising
usi ng an azeot P8pidedficardureipiald prROICHIpYsZaadipradike gearositicansf er nedi a,
wherein said a : i ; g Li K S Inly ists essentially
of Z-1,1,1,4,4%§-Iggg%%g@#%@gﬁgiﬁSEEAQHgﬁ%§§F@%ZEﬁgﬁg?g%@qo.A process for
extingui shi ng oyclgpgpdarssing a fire conprising using an azeotropic or
azeotrope-like conposition as a fire extinguishing or suppression agent,
wherein said azeotropic or azeotrope-|like conposition consists essentially
of Z-1,1,1, 4,4, 4-hexafl uoro-2-butene and cycl opentane. 2011. A process
conprising using an azeotropic or azeotrope-like conposition as

di el ectrics, wherein said azeotropic or azeotrope-like conposition consists
essentially of Z-1,1,1, 4, 4, 4- hexaf | uoro- 2- but ene and cycl opent ane.
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