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fractionation of the conponents of the |liquid conposition takes place). It
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conpositions in the cell using the NRTL equati on. The vapor, pressure
nmeasured versus the conpositions in the PTx cell for Z-FC 1336nzz/ net hyl
formate mixture is shown in FIG 1, which graphically illustrates the

formation of an azeotropic and azeotrope#like 25 conposition consisting
essentially of Z-FC 1336nzz and nethyl formate as indicated by a m xture of
about 20.4 mole % Z-1,1,1, 4, 4, 4- hexaf | uoro2-butene and 79.6 nole % net hyl
format e having the highest pressure over the range of conpositions at this
tenperature. Based upon these findings, it has been cal cul ated t hat

Z- FC-1336nzz and nethyl formate 30 form azeotropi c conpositions ranging
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1336mzz).

Before addressing details of embodiments described below, some
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, Ias well as any combinétions or mixtures of such isomers.

As used herein, the terms “comprises,” “comprising,” “includes,”

“‘including,” “has,” "having” or any other variation thereof, are intended to

~ cover a non-exclusive inclusion. For example, a process, method, article,

or apparaius that comprises a list of elements is not necessarily limited to
only those elements but may include other elements not expressly listed or

- inherent to such process, method, article, or apparatus. Further, uniess

expressly stated to the contrary, “or” refers to an inclusive or and notto 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 ctherwise defined, all technical and scientific terms used
herein have the same meaning as commeonly understood by one of
ordinary skill in the art to which this invention belongs. Although methods
and materials similar or equivaieht to those described herein can be used
in the practice or testing of embodiments of the present invention, suitable
methods and materials are deé.cribed below. All publications, patent
applications, patents, and other references mentioned herein are
incorporated by reference in their entirety, uniess a particular passage is

cited. In case of conflict, the present specification, including definitions,

10.0



77.1 40.0 20.5 22.1 77.9 50.0 28.7 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

will control. In addition, the materials, methods, and examples are
illustrative only and not intended to be limiting.

Z-FC-1336mzz is a known compound, and its preparation method
has been disclosed, for example, in U.S. Patent Application No.

5 60/926203 [F1.1346 US PRV] filed April/26/2007, hereby incorporated by
' reference in its entirety.

This application includes azeotropic or azeotrope-iike compositions
comprising Z-FC-1336mzz. |

In some embodiments of this invention, the compeosition 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. | -

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 to
form an azeotropic or azectrope-like 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-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



100.0 113.3 15.6 84.4 5 Additionally, azeotrope-like conpositions
contai ning Z- FC 1336nzz and nethyl formate nay al so be forned. Such

azeot rope- | i ?‘eﬂ‘}’ﬁ%théﬁ@% Brdseht ﬁrﬁp@ﬁeéﬁ@@%r‘r&g{ t& RITRLSH Fk@g’t? Addl i onal

enbodi nents o tropel ke conpositions are |n Tab
enbodi nent s lix@ maaz‘eomtl*oﬁd:([mlaéﬁmpom ti ons are listed i n Table 3 15

Tabl e 2 Azeotrope-like co sition T (C Percent age
Fange. 7 FO. 133030 SOBtH STERGRHRS O J0S1TNGIIOBghe CAPRSS BRI Rty | 1 or mat o

0 1-99/1-99 ggzr(éé nez/ Met hyl
formate 40 Eé9‘:'5/ A@B g\/P g%ﬁ&iﬁwﬁél(gf Cﬁigﬁéﬂ%gg gglglﬁggé

Z- FC- 1336nz zfykepeptarioisngiesedtia m@f%c:tsmamﬁ’lﬂabtcefoanmamaﬁmit ke
conposi tions zeotrope% mixture with Z-FC-1336mzz.

By effective amount is meant an amount, which, when combined
with Z-FC-1338mzz, 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 admixiure
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 wili 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 tﬁe 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 subijected 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



T CC) Wei ght Percentage Range Z- FC-1336nez/ Met hyl formate -40 10-90/10-90
Z- FC-1336nzzJMet hyl formate O 10-90/10-90 Z-FC 1336nzz/ Methyl formate 20

10-90/10-90 ,Z- FC-133 / Met hyl te 40 10-90/10-90 Z- FC,1336nzzJMet hyl
format e 80 102SOMRP A FAGREel PSR ROReTS At FFRooora FRISE0 1 ¢ s
found througierexmeges®teach Rampbrieht 4B BERAItLR dIefhaRAzE@bPfZzeot ropi ¢

or azeotrope-|like conpositions. To determne the relative volafility of
thi s bi nary fp&drboilingeppmk aheshedifigdceispe®. above was used. The total

fenperature for VATHRSUFREE bt ulk nsBnHRahn SRRl BRcuRE TRt Bncre ™ hen
reduced 60 efgahs Braonp ot tHa@ehboes dike aMPasddtiaPis chimpbbRiogql.k.,usi ng the

NRTL equation. The vapor pressure neasured versus the conpositions in the 5
PTx cel | forhas sanstanisrpiingehtrastenistics ure tendenewmot ko fractionate wposh

i1 lustrates gt ' f or ' s tr.opi d ope-1like
conposition %@é?%@%@ggﬁ ?‘é‘?ﬁééﬁhr%t%g@hﬁé%?f@fg h%@ﬁl’ Hg%ggé&rbut ene and
pentane at lfhdPlidhid asmpuditioaised thyy shahys wt eliothaimibniyQo & minigalor
Z-1,1,1,4,4, 4- hexaf | uoro- 2- but eni} and 50.0 nol e % pentane having the 10

hi ghest pr eRAIGIRIG extane Thihigdodre eHirestpd vty nan-azapiopedier at ur e.
Based upen t Jd:0dl -'t‘m I t - ECG 137 z and
pent aneﬁpor n@ﬁ‘g%%'?% Eg@gir?go%l ti oﬁ‘?ﬁfﬁ%‘eﬁ’ébﬁ%ﬁﬁ% oungﬁ%hang{?‘é%per cent

t o about 58.commbstipes ceange tdFEsBSmtial degrdfg.om about 51.8 15 nol e percent

boi 1110 at & t enpRORBNEN6AZEPBAP SISO DROToES GEBHE SEYOPOTAREESRIS
o embodi rany uBRe ol pheBBure ki ity > R BffeRou L TREVEE0Y 25 30
Tabl e 4 Azeataydpiat theodiffesendeoinsthe dew point pressure and bubble point
15 pressure at a given temperature will be a small value. In this invention,
compositiéns 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 volatiiity of a
20  system approaches 1.0, the systém is defined as forming an azeotropic or
azeotrope-iike 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 liguid 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 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 Pubtisher, 1970, written by Harold R, Null, on
30 pages 124 to 126, hereby incorporated by reference.

These measurements can be converted info 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



Azeotropic Tenperature (C) Azeotropic Pressure (psia) Z-FC 1336nzz (nole %
Pentane (rmole 9% -20.0 2.20 48.2 51.8 -10.0 3.70 48.9 51.1 0.0 5.91 49.5

50.5 10.0 9. f?%egg&f}vt ﬂ&uia p%%s% Hz;’niéegiﬂigs. 1%&301‘3&%1 Qct?v?tyzcoisejfﬁ&eﬁ‘tég' 8 40.0 26.7

51.8 48.2 50.0
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
9  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 experirﬁents that Z-FC-1338mzz and methy! -

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-1336mzz/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 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

30 form azeofropic 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

8



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
100 55.1 44.9 100.0 124 56.0 44.0 110.0 151 57.2 42.8 120.0. 182 58.7 41.3

" Addi tional t e-like,.co t| 0 cont ai ni Z- FC-1 nez 5and
pent ane may Q%?J‘%Sﬁ%ﬁ@ﬁ”bqﬂ] r}g BbBFD H"PIQQ St?@r"@%ﬁ'i st around
azeotropi c cpgpesitions. Some enbodi ments of azeotrope-like conpositions
are listed in Table 5. Additional enbodi nents of azeotropelike conpositions

are listed in Table 6. 15 Table 5 Azeotrope-|ike conpositions COVPONENTS

Table 1 Azeotropic compositions

Azeotropic Azeotropic - Z-FC-1336mzz | Methyl formate
Temple(a:r;ature Pressure (psia) (mole %) (mole %)
-(20.0 1.38 25.4 746
-10.0 2.40 25.2 © 748
0.0 3.97 248 752
10.0 6.30 24.3 757
20.0 9.64 ?".3.7 | 76.3
30.0 14.3 229 77.1
40.0 20.5 22.1 77.9
50.0 28.7 21.2 78.8 .
60.0 39.2 1 20.2 79.8
70.0 52.4 19.1 80.9
80.0 68.9 18.0 - 82.0
80.0 89.0 16.8 83.2
100.0 113.3 - 16.6 84 .4
S .

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
15
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T (C) Weight Percentage Range Z-FC- 1336nez/ Pentane -40 60-75/25-40

Z- FC-1336nzz/ Pent ane 0 60-80/20-40 Z-FC- 1336nzz/ Pent ane 20 60- 82/ 28-40

Z- FC-1336nezz/ Pent ane 40 60-85/15-40 Z-FC- 1336 nrzz/ Pentane 80 55-90/ 10-45
Z- FC- 1336 nez/ Pentane 120 45-99/1-55 b5Table 6 Azeotrope-like conpositions
COVPONENTS T (C) Wei ght Percentage Range Z-FC-1336nzz/ Pent ane -40

62- 70/ 30- 38 Z-FC-1336nzz/ Pentane 0 64-74/26-36 Z-FC- 1336 nzz/ Pentane 20
64- 76/ 24- 36 Z- FC- 1336 nzz/ PablechAz46irope-like compositions

COMPONENTS T (°C) | Weight Percentage
- Range
Z-FC-1336mzz/Methyl formate -40 1-99/1-08
Z-FC-1336mzz/Methyl formate 0 1-99/1-99
Z-FC-1 336m;z! Methyl formate 20 1-99/1-99
Z-FC-13386mzz/Methy! formate 40 1-99/ 1-99 .
Z-FC-1336mzz/Methyl| formate 80 . 1-89/ ‘i -89
Z-FC-1336mzz/Methyl formate 120 1-99/1-99
5 Table 3 Azeotrope-like compositions
Weight Percentage |
COMPONENTS T (°C) | Range
Z-FC-1336mzz/Methy! formate 40 | 1 0—9014 0-80
Z-FC-1336mzz/Methy! formate 0 10-90/10-80
Z-FC-1 336mzﬂMathyl formate 20 10-80/10-90
[ Z-FC-1336mzz/Methy! formate 40 10-90/10-90
ZFC-1336mzz/Methyl formate 80 |  10-90/10-90
Z-FC-1336mzz/Miethyl formate 120 | 10-00/10-90

It was found through experiments that Z-FC-1336mzz and
10  pentane form azeotropic or azeofrope-like compositions, To determine the
relative volatility of this binary pair, the PTx method described above was
used. The fotal abscs_iute pressure in a PTx cell of known volume was

11



64- 78/ 22- 36 Z- FC- 1336nzz/ Pent ane 80 62-84/ 16-38 Z- FC-1336nezz/ Pent ane 120
57-99/1-43 It was found through experi rrent s that Z FC- 1336nzz

and i sopent ape _for eotr i,C ro e 03| t| 0 determ ne
the rel ative S’F&E?ra ?f@o%ﬁi rﬁ @%t?r%@r[ 5 'Ba \qu'o%% %‘P?ﬂ O%s G%6ed above
10 was used. mBaguidth@htsahsrel tHeR redeSSINE ebDiliBrifhvapt hndfligitewn vol ume was
measured at constant tenperature for various binary conpositions. These

measur ement scovepesitines in gwueslousiog doe N RB eguatiapor and [qui d conposi tions

in the cell using th 0 ressure
measured versus the ?g’r%p Oﬁig u?%h?q@ﬂirgd&%gs%seth W&?Pf%fé?f? %‘ﬁzz/

i sopent arfe NMPYk Wl fbﬁZS*@MBBBﬁzEJ;@nt@ne\@ﬁkﬁhehé SHGIH 8 FRGOP anhicﬁal ly the
formation of an azeotroge and azeotrope-|ike conpositions of

Z-1, 1, 1, 4, 4, Huslssigs| arappicalpihaipamatian; daieatenienie and ageotropadikendi cat ed

by a m xt ure, h ene and
60.0 nole % |§%B§§?§heﬁ1§\%ﬂn e%ﬁéﬁﬁaléﬁhéf% 14 eséﬁr eﬁ%&(ﬂ"‘%ﬁ%ﬁﬁt%éé

conposi ti onsaad pehtand ant&BAC LS. IﬂdiBa@ﬂby'QQ’ﬁD&lh@&ﬁ abbo0el 60dBmold %1613 been
calculated that Z-FC  1336nzz and i sopentane form azeotropic corrp03| tions

rangi ng fronfaboded$rd-texdfiuorpe-beiane and b8l meke % pentanpdiaving the
7-FC 1530 aptel EARLSROIc ARt MBb R RGN 8 ANANICAL Lo per con

i sopent ane ( orm azeo ropi C Tomposi th ons B ng erature of
from 10 about -20 C to about 120 C and at a pressure of fromabout 2.7 psia

(19 kPa) to ab@dsetiOpdrsihesé TddhgsPa)has Bosw caripsed i Z-PC- 8330hELPi C

conpositions are listed in Table 7. Table 7 Azeotropic conpositions
Azeot r opi c T@l’r\%@eataneefqrm)amrcswc‘oﬁqvmmsémar@ng:pgﬁm abpgt i@%mﬁe (m)l e %

I'sopentane (gl entlo ab6lt 58 7 mGePeréeflzFcA338 b hha o ot 1§ 7

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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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 44.2 55.8 70.0 69.0 44.B 55.2
80.0 87.6 45.5 54.5 90.0 110 46.2 53.8

Table 4 Azeotropic compositions

Azeotropic Azeotropic Z-FC-1336mzz | Pentane
Tem;;%r;ature Pressure (psia) . (mpie %) (moie %)
-(20.0 2.20 | 482 518
100 3.70 489 51.1
0.0 5.91 : 49.5 50.5
10.0 9.07 . - 901 48.9
20.0 13.4 50.7 49.3
30.0 192 512 488
40.0 26.7 51.8 48.2
50.0 362 52.3 BTA
60.0 48.0 52.9 471
70.0 62.4 536 46.4
80.0 79.6 54.3 _ 457
80.0 - 100 55.1 44.9
1000 124 56.0 44.0
110.0 151 57.2 42.8
120.0. 182 58.7 41.3

Additionally, azeotrope-iike 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 embodiménts of azeotrope-
like compositions are listed in Table 6.

10

15
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100.0 135 46.9 53.1 110.0 165 47.7 52.3 120.0 199 48.6 51.4

15Addi ti onal

|y, azeotrope-like conpositions containing Z-FC 1336nzz and

i sopentane may al so be forned. Such azeotrope-like conpositions exist

around azeot
conpositions
azeotrope-|i
conposi tions
Z- FC-1336nEz
45- 70/ 30- 55
40 45-75/ 25-

10

15

ropi c conpositions. Some enbodi nents of azeotrope- |ike
are listed in Table 8. Additional enbodi ments of
ke conpositions are listed in Table 9. 5Table 8 Azeotrope-1like

COVPONENTS T_abz)@j}égghtrothemmmm

| | sopentane—46-40-65/35-6024FCc-3336H%z/ ! UCHCV:t ane 0

Z- FG 1336nez/ | sopent ane 20 45-75/ £5- 55 Z- 1336rrzz | sopent ane

55 Z- EoMBeNmERTEsopent ane 8§ @8y 854a; ﬁPPercentage

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 45-99/1-55

Table 8 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 64-78/22-38
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
was used. The total absolute pressure in a PTx cell of known volume was
measured at consfant 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/ isopentane mixture is shown in FIG. 3, which

illustrates graphically the formation of an azeotrope and azeotrope-like

14



Z- FC- 1336nzz/ | sopentane 120 1-99/1-99 Table 9 Azeotrope-like conpositions
COVWONENTS T (C) Wi ght Percentage Range Z- FC-1336nzz/| sopent ane -40

49-58/42-51 Z-FC-1336nezL| sopentane 0 53-65135-47 Z-FC-1336nez/ | sopent ane
20 53- 68/ 32-W@%@&%@éﬁt&f-ﬁs‘bﬁeﬂh%?eﬂuwo'%bular@amlsc’pentane at 19.

2 FC 1336w 20 SANRAEANRY BP a3Andlibaot b £ 4D AkiE 9 27 iSpRan ane 120

43-89/11-57 10 It wa rougha experi e t C-'1336nzz and

RFC-365nf ¢ fhexaflapenlrinfient iokd Glopesie tY%dsspertand dlaeing the Higteestel at i ve
volatility of this bi ngé air, the PTx. nmethod descri bed above was used.
The total ab¥&6FH'E P&t %,rgng%ogcwpoyéqops@ tRisdAmPeEAtRe was measured at
const ant g enper at ur egf@&q ?A?Eh%ésg)ﬁ%ﬁés %??u#go%%gﬁaﬁﬁapz%jemnt S

were then reduced to equl rium vapor aﬁ@ ositions in the cell
usi ng the NRII3GeozragindisopEmanafom arestsopie corgssitethswanging ftdra

iti ' 5P |11 Z- FC-1336nrz/ HFC-365nl I Xt [ h
TG 4 SR D5 BREeny SBRPULI PP FRE PBIGRE ZOrC R SRR b | Ko
composi t1 onsirgth dbobt 8ol thofe feh@Xihd HaEr 81 BUHBRepaRA KERERRARES 2t 50-1 C

as indicated by a mxtures of about 1 to
Z-1, 1, 1, 4, 4, @dcix fortruazadtranic enmpasdioalsduilidy tba 38mpetatuss MF@MA65nT C.

Al 1 o) - HBT Akn B G d0D 8% AR S aREIa i 2hpll £,/ta 1 Tabl o

11. Table 1kFpastEbere100kssis (TIRSkPAYNSome embodiments of azeotropic
compositions are listed in Table 7. ‘

. Table 7 Azeotropic compositions

Azeotropic Azeotropic Z-FC-1336mzz | Isopentane
Tem%%’)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 10.6 404 59.6
20.0 154 412 58.8
30.0 21.9 : 42.0 _ 58.0
40.0 30.1 | 428 57.2
50.0 40.5 43.5 56.5
60.0 53.4 442 55,8
76.0 69.0 448 55.2
80.0 87.6 45.5 54.5
90.0. 110 462 53.8
100.0 - 135 46.9 - 531 ‘
110.0 165 477 523 |
12000 189 48.6 514
15 Additionally, azeotrope-like compositions containing Z-FC-1336mzz

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

15



COMPONENTS T (t) Weight Percentage Range Z-FC- 1336nzz/ HFC- 365nfc -40
1-99/1-99 Z-FC-1336nzz/ HFC-365nfc 0 1-99/1- 99 Z- FC- 1336nez/ HFC- 365nf c 40
1-99/1-99 Z-FC- 1336%2/ HFC- 365nfc 80, 1-99/1-99 Z FC- 1336;}2/ HFC- 365nfc 120

1-99/ 1-99 z-Pusharey

APPREORBSAMPABIPNS & e@gn bogipests 9 26RAfMSpe- | i ke

777G 1536me 5/ EC SREM 2 4t Ao U 16055" FRPSE Rt ¢ o

10- 99/ 10- 90 Zzdetrap&3itkeraohfdSiBasrar iedln T@bIHS90 Z- FC- 1336z z/ HFC- 365nf ¢
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Table 8 Arectrope-like compositions

COMPONENTS T (°C) | Weight Percentage
| | Range
Z-FC-1336mzz/lsopentane -40 40-65/35-60
Z-FC-1336mzz/isopentane 0 45-70/30-55

| Z-FC-1336mzz/lsopentane 20 45-75/25-55
Z-FC-1336mzzf/isopentans ‘ 40 45-75/25-55
Z-FC-1336mzz/lsopentane 80 40-85/15-60
Z-FC-1336mzz/lsopentane 120 1-88/1-99

Table 9 Azeotrope-like compositions

COMPONENTS { T(°C) | Weight Percentage
» | ‘ Range
Z-FC-1 336mzéllsopentane -40 49-58/42-51
Z-FC-1 336mzz/lsopén‘tane |- 0 53-85/35-47
Z—FC-‘E 336mzz/lsopentane 20 53-68/32-47
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

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 fotal

absolute pressure in a PTx cell of known volume was measured at

16



80 10-90 Z-FC 1336nez/ HFC 365nfc 120 10-90 Z-FC- 1336nzz/ HFC-365nfc 160
10-90 It was found through experinents that Z-FC 1336nzz and
trans-1, 2-di ERGref i oy =l ke conpositions.
5To determ n%}{s%erﬂ?ée é%l veevf%fg]taﬁélﬁteyrg%mﬁﬁsp%ﬁnar yquz%sh t he PTx net hod

descri bed abhageswementederdtien mdhicedbipadquiiitbrivnesapoeand liquidTx cel | of
known vol ume was neasured at copstant tenperature for various binary

conposi t i onsCOMPRSIONSRINS S/t HEYD erequaligBed to equilibrium vapor and
i quid conpositions + ' ' or
bt dssur 6 mbasur ed ver s o Ess i B sfed Wiy Mg bBas kRIS 0] 1o

trans- 1, 8- di Tk oelbfer ZyF €8 38mzairidl Cs3 85miumixturie! iSshowmim EiG.i4,| ust r at es
graphically the formation of . a eqtropjc c osition of ...

O PN 17 4 when BT atecsraPhisen R R R CRaewopm thessemppeliensy 50,1 ¢
as indicat edoszmﬁq,w@,wh%xggugkpyfmﬁéné dﬁB'}@F&’QZ ik 80, 426 as

15hexaf | uor o- 2- butene an .2 mole % trans-1,2-di chl oroet hyl ene having the
hi ghest pr esiBdicatashviay a rhistures géabbut dp&Simolerd de1,111,4,4,é+resabvence. "

Based upon these findjngs.,, J S_heen ted that Z-FCl1336nzz and
trans- 12- di "I%BF%@RA %}lﬂ%ﬂtﬁ&aﬁ@g@g?’@dﬁ%&%l tions ranging from about
62. 4 nokg percent Sb%eﬂ@n%ﬁbdi?ﬂex@ts@'&el&ﬁfdb@%@%dﬁ%goﬁﬁoﬂ@%@é’ﬁ@teéw from

about 37.6 nole percent to about 29.0 nole percen

trans- 1, 2- di tleri@efdditional embodimenismiazsstiopptlikecnmppssiticonsreoi | i ng at a
tenperature i%ge(%ro%@gqqt -20C to about 120 C. and at a pressure of from
about 1.6 ps Y )" to about 170 psia (1172 kPa)). Sone enbodi nents of

azeotropi c conpositions angbld bexkadirdmbiiie ddmpdsbas 12 Azeot ropic

conpositions Azeatropic Tenperature (C)_AZeofiropic Pressure (psia)

§7Fg 13?(6;%22( r7r2I ecHvpORENTS 2- di chl or petdy) b%iéﬁ@&rc@ntégezj' 0 1.60 62.4

: ' Range
Z-FC-1336mzz/HFC-365mfc| -40 1-99/1-9%
Z-FC-1336mzz/HFC-365mfc | O 1-99/1-09
Z-FC-1338mzz/HFC-365mfc | 40 1-98/1-99
Z-FC-1 336mZZlHFC-365!ﬁfC 80 1-09/1-99 -
Z;FC-1336mZZ/HFC-365me 120 “1-89/1-09
Z-FC-1338mzz/HFC-365mfc | 160 | 1-99/1-99
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62.4 37.6 0.0 4.47 62.5 37.5 10.0 6.98 62.8 37.2 20.0 10.5 63.1 36.9 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

) ) ) ) 0.0 69 .2 32.8 . "
70.053.2 66.3 33.7 8 abPe ? ‘7 Azeo%ope—hke compositions

COMPONENTS T (°C) | Weight Percentage
Range

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

10-88/10-80
Z-FC-1336mzz/HFC-3685mfc 0 10-89/10-80
Z-FC-1336mzz/HFC-365mfc | 40 10-99/10-90
Z-FC-1336mzz/HIFC-365mfc | 80 10-90
Z-FC-1336mzz/HFC-365mfc | 120 | 10-80
Z-FC-1336mzz/HFC-365mfc | 160 10-90

It was found through experiments that Z-FC-1338mzz 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 % Z7-1,1,1,4,4 4-

15 hexafluoro-2-butene and 35.2 mole % trans-1,2-dichioroethylene 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-dichioroethylene form azeotropic compositions
ranging from about 62.4 mole percent to about 71.0 mole percent Z-FC-

20 1338mzz and from about 37.6 mole percent to about 298.0 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



90.0 88.2 68.1 319 100.0 111 69.0 31.0. 110.0 138 70.0 30.0 120.0 170 71.0
29.0 Addi tionally, azeotrope-like conpositions cont ai ni ng

- d. h
azcot ropo- | G b6 b ) B Hk 2D e 4Bl 2 kdRoSPMions.  Sore
enbodi ment s @ﬁbaamm@nﬁaze&aogemdgsﬁ&% @Feenétéatm‘abré%f ble 13.

Addi ti onal enbodi nents of azeotrope-1ike conpositions are [isted in Tabl e

égrce-rll-?gl e 13 Azeotrope-| | kummw_%% Im(nc?) A\r/]‘égghéz_u& -
RS Syl é’“m ] ETEHTSA%%@FRHE%nE O 67 gdpdamazs |  trans-1.2-
Z- FC- 1336nzy/ t Y&IH EFP YR ghPEPTRIBPEAL DO 66N081%) 35 | dichloroethylene
Z- FC- 1336nekltr an 2-di ghl oroet hyl ene ¥0 65-99/1-35 {mole %)
Z- FC-1336neg/tr anQD:LQ 2-di ghl or 08t6%/| ene 62.4 : 37.6
-10.0 - 274 624 37.86
0.0 447 625 37.5
10.0 6.98 62.8 37.2
200 10.5 63.1 36.9
30.0 15.3 63.6 ‘ 36.4
40.0 _ 21.7 64.2 35.8
50.0 298 648 352
60.0 40.3 B5.5 345 -
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 1 T 890 310
110.0 138 70.0 30.0
120.0 170 71.0 29.0
5 Additionally, azeotrope-iike 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 azeotrope-like compositions are listed in Table 13. Additional

embodiments of azeotrope-like compositions are listed in Table 14.
10
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80 63-99/1-37 Z-FC- 1336nez/trans-1, 2-di chl oroet hyl ene 120 61-99/1-39
Z- FC-1336nzz/trans- 1, 2-di chl oroet hyl ene 160 58-99/1-42 Table 14

Azeotrope-|ike conpositio

Z- FC- 1336nez/
Z- FC-1336nez/
Z- FC-1336nez/
Z- FC-1336nzez/
Z- FC- 1336nez/i+t

trans-1, 2- di ch¥dkEe

V\elght_ Percent age Range

trans-1; 2- dlcnloroetnylene 069~
trans-1, 2-di chl or oet hyl ene 20 68-

trans-1, 2- G@MPQNENTIEI ene 40 68-/90

10-32  Range

?Ight Percentage

Z- FC-1336nzz/
Z- FC- 1336nzet]
t hrough exper

Ao ?13@6F@ﬁf“6r1e%1dl‘f‘§ﬁ‘&ﬁ@tﬁﬂene5? 96 135718011829
r‘zririle?%s t at ﬁ%‘, 1336neZz an m 0T eri8e/tasd T
Z-FC-1336mzzfirans-1,2-dichioroethylene | 20 65-93/7-35
Z-FC-1336mzzftrans-1,2-dichloroethylene | 40 65-99/1-35
Z-FC-1336mzzftrans-1,2-dichloroethylene | 80 63-99/1-37
'+ Z-FC-1336mzz/trans-1,2-dichloroethylene | 120 61-99/1-39
Z-FC-1336mzz/trans-1,2-dichloroethylene 160 58-99/1-42
Table 14 Azeotrope-like compositions
T Weight
COMPONENTS (°C) | Percentage Range
Z-FC-1 336mzﬂtrans—1 2-dichloroethylene | -40 72-80/20-38
Z-FC-1336mzzftrans-1,2-dichloroethylene 0 68-83/17-31
Z-FC-1336mzzftrans-1,2-dichloroethyviene 20 68-86/14-32
Z-FC-1336mzz/trans-1,2-dichloroethylene | 40 68-90/10-32
Z-FC-1336mzz/trans-1,2-dichioroethylene 80 66-98/1-34
Z-FC-1336mzz/trans-1,2-dichloroethylene | 120 65-99/1-35
Z-FC-1336mzzftrans-1,2-dichloroethylene | 160 65-99/1-35

It was found through experiments that Z-FC-1336mzz and
HFC-245fa form azeotrope-iike compositions. To determine the relative
volatility of this binary pair, the PTx method described above was used.
The total absolute pressure in a PTx celf of known volume was measured

at constant temperature for various binary compositions. These

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 celi for Z-FC-1336mzz/ HF C-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



HFC- 245fa form azeotrope-1like conpositions. To determne the relative
volatility of this binary pair, the PTx nethod descri bed above was used.

Constant. t orporUAER & SPOUET B BTG 2 bt AR L e R e enent s
were then resurcgboitroaeusd indld Wgasﬁaﬂﬂnhl»%:p FERRPSIEi ons in the cell

using the NRTL equati on. he vapor ure measured versus the
conposi t i onsappioximateyd 7qedia (16f kEaF@rmsBﬁnmzmrchf 2k6uh94ixBAnmwies shown

conposi t 1 onebFeRt21et KA Sl RAlE Brodishd dﬁti*ah'éwﬁ’ﬁiﬁd WREEHERE o 1. o
C, as indi caywitlvapor presseas aﬁpr@ﬁmatelwps“é

SR
Z-1,1,1,4, 4, 4- hexaf |l uor o- 2- but ene and about %‘3 to 39 mol e % HFC-245fa with
vapor pressure of appebRigraedignerts ptazgeptiapeika compusitnnaaretligtassinof about

94 to 99 nol r,ge buteneadlto6rm|e%
HEG 24514 5 JGUR 1\(27":3%‘%?%8&%é%ﬁPédi?e%g?%#g@Fﬁk& GATROTEI %P .- some
enbodi ment s laftedireDalilone- | | ke conpositions are listed in Table 35 o
Addi tional enbodi nents of _azeotrope-|li ke conpositions are listed in Table
16. Table 15 Azeotrope- |.Ié2&ﬁé&@i@ﬁ>@lr&ammwmns(q Wi ght Per cent age
Range Z- FC- 1336mez/HFC245fa—=40—1=1981-99and—9799/1=3
Z- FC-1336maz/ HFC- 245fa 0 1-22/78-99 and 95-]99/1-5 Z- FC- 1336nez/ HFE- 245fa 40
1-26174- 99 angCDMPONENTZ- FC- 1336ne z THPC) 24 3aighl Perddita e%r?@d '
90-99/1-10 Z- EC-1336nez/HEC-245fa 120 1-58/142-99 and 76-9 Tabl e 16
Azeot rope- | i kPZcFerﬁé”g’ﬁfﬂzéﬁéF@@ﬁ@IENﬂ'S"W( G M%&ﬂ 99@6&91?-&@5‘ 32ar ge

2-FC 13362 G @AY B HEC 2458 [0 D | *T-23/78-08 arid 5. 98115 | T < 2457 a
£-FC-1336mzz/HFC-245fa 40 1-26/74-99 and 94-89/1-6
Z-FC-1336mzz/HFC-245fa 80 1-35/65-99 and 90-89/1-10
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/H FC-245fa -40 10-13/87-90 and 98-99/1-2
Z-FC-1336mzz/HFC-245fa | 0 10-14/88-90 and 97-99/1-3
Z-FC-1336mzz/HFC-245fa | 40 | 10-17/83-90 and 86-98/1-4
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 90-88/1-10

It was found through experiments that Z-FG-1336mzz and
dimethoxymethane form azeotrope-iike compositions. To determine the
15  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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10- 14/ 86-90 and 97-99/1-3 Z-FC-1336nzz/ HFC- 245fa 40 10-17/83-90 and
96-99/1-4 Z-FC 1336nez/ HFC- 245fa 80 10-22178-90 and 95-99/1-5

Z- FC-1336nez/ HFC- 24 0.10-33/67-90_and 90-99/1-10 e It was
found through experﬁj_ n\g‘aﬁaqrrpépg%rg@%%r zV%ﬁHSH?%?W&%‘;WBPM{h% orm _
azeot r ope- | ifkg; ¢NITBPBLEC OIBBEL/digdeth etiael®iheLRd is\ghowdl iatFIG. 7y of this
bi nary pair, the PTx nethod descri bed above was used. The total absolute

pressure i n vwhiFTiiugisatesararhivaly (fog faranaties ofsweotiepedikecenmepesitionsenper at ur e

equi 11 bri umSZp0r shd T Rsr S bUR R HEE AR inehate HLFP AR . | °
equations  and about 22.5 g&ia (18BXPH)| &S FitiSatel ARUMSduNR Sflbduh @ t6 ®FPOSi ti ons
in the PTx cell for Z-FC 1336nez/di net hoxynet hane m xture is shown in FIG

7, which il 10elelat&d. bl dbfidchersfiuaie-Z-brieas ¥ abodl &ée PBpeclpike

conposi tionsy; - 4, 4- hexaf | uor o- 2- but ene and di net hoxynet hane at
49. 99 C ban t@%&f@g}l@%’ci&arﬁ% a (155 kPa), as indicated by m xtures of about 1
to 99 nole % Z- 1,Sbre émbotiilmexss bﬂazebtﬁa;iwm@mmlpdﬁamgtaré litleddq nole %

di met h th .. So enbodi ments of azeotrope-|ike conpositions are

listed in Tebleip Addiionalembp %ﬁ‘&?”fé FaPREAPS-Ibe @z@a@”ﬁe@y@arﬁke

conposi khons; hstad in Table 18. Table 17 Azeotrope-li ke conpositions
CC]VPC]\IEHNQS ?'S?é&q“ |b|é$tqgl3er cent age Range Z-FC-1336nez/ D net hoxynet hane -40
1-99/ 1-99 Z- FC-1336nzz/ D irebleo1V keebiinpediké-@hiosions

Z- FC- 1336rrzz/ DHretheoxyret-hane—40—1+-9911-99 Z-EC 1%giﬁﬁﬁgrc%§§é\(ymt hane 80
COMPONENTS (°C) Range
Z-FC-1336mzz/Dimethoxymethane -40 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane 0 1-89/1-99
Z-FC-1336mzz/Dimethoxymethane 40 1-89/1-98
Z-FC-1336mzz/Dimethoxymethane 80 1-99/1-29
Z-FC-1338mzz/Dimethoxymethane | 120 1-99/1-89
Z-FC-1336mzz/Dimethoxymethane 160 1-89/1-98

Table 18 Azeotrope-like compositions

T | Weight Percentage
COMPONENTS (°C) Range

Z-FC-1336mzz/Dimethoxymethane | -40 5-85/5-95
Z-FC-1336mzz/Dimethoxymethane 0 5-05/5-95
Z-FC-1336mzz/Dimethoxymethane 40 5-85/5-85
Z-FC-1336mzz/Dimethoxymethane | 80 5-85/5-85
Z-FC-1336mzz/Dimethoxymethane | 120 5-95/5-85
Z-FC-1336mzz/Dimethoxymethane | 160 5-95/6-95

15 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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1-99/1-99 Z-FC-1336nzz/ Di net hoxynet hane 120 1-99/1-99

Z- FC-1336nezzJDi met hoxynet hane 160 1-99/1-99 Table 18 Azeotrope-|like
conpositions COWONENTS T (C) Wei ght Percentage Range

Z- FC- 1336nezz/ Di mret hoxymet hane -40 5-95/5-95 Z- FC- 1336nezz/ Di et hoxynet hane 0

5-95/5-95 Z- FC-1336nrz/ Di net h met han - -

Z- FC- 13368 lﬁggﬂ%&%?ﬁgﬁ%g»g%%E%%/%ség‘@P E%s?%@nazgr BCRLP Loxymet hane

120 5- 95/ 5- @Rywér FSurkd 3areab By uret e xpnstaharen ki 8iube 851a1i06s bkt was found
t hrough experinents that Z-FC 1336nzz and cyclo é?ne f.orm azeotropi c or

] en
azeot r ope- | GHOPEEHIRIGS T PPEnRISaTe SerEs meﬁ@tq%re,dgpg QEAYEIEH T I ity of this
binary pai rvaé)tog Qﬁl}éviﬁ‘?{g}msit%% hed=ipRANg eRRIS &huatiBg. total absol ute

pressure ina “known volune was Treasured at constant tenperature
for various binary conpositions. These measurements were then reduced to
equi | i br fum vaporhewvehdr ipteistire orgassidd versus thet trempedifionssinidlye t he NRTL

equation. PTx cell for Z-FC-1SSBmzz/cyclopentane mixture is shown in FIG. 8,
which illustrates graphically the formation of an azeotropic composition of
Z-1 1.1 4.4 4-hexafluoro-2-butene and cyclopentane at 49.97 °C, as
indicated by a mixture of about 63.9 mole % Z-1 ,1,1,4.4,4-hexafluoro-2-
10 butene and 36.1 mole % cyclopentane 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 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 cyclopentane
(which form azeotropic compositions boiling at a femperature 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.



5The vapor pressure nmeasured versus the conpositions in the PTx cell for
Z- FC- | SSBnzzi cycl opentane m xture is shown in FIG 8, which illustrates
graphically the formati on of an azeotropic conposition of Z-1 Ti ,1

, 4,4, 4-hexaf | uoro- 2-butene and cycl opentane at 49.97 C, as indicated by a

m xture of about 63.9 nol e AlZ-éL 4,4 4 exafl uor o-2- 10 butene and
36.1 nole %cycl opent ane k& egole gre over the range of

COWOSitionS % ;§|Cte erﬁ&é’étﬁ)p!c zBaée!dasem thm;d;jemmrrm\ it has
been cal cul atT% é@sﬂ% ¢ycl oppy ene form gaeriyppi c|
out 64.

conpositions ra m a nol e percent to about 74.4 npl e

percent Z-FC 13u Jva auu_ EE Iﬁuw i"t"jft‘:’f Bwél e p:e cent ié)SdDOU[ 25.6 nol e
per cent cye&—epeﬂ%%%e%—w eh—fgffly azeott opt £QPOsit Hons Hng—at a
tenper at ure—of ¥ about-—-20 ,930 about 58 E and—at “gajs'ure of from
about 1.7 psia (49 kPa) o abdf® 302 gsia (52);79 kPa) 3 nments of
azeot ropi ¢, compd$i@i ons are | i’f%d in |Tahl e63®  Tahle 193Jeotropic
conposi ti ons Azék® opi c Tenperatdire (Q) AzeBBopi c PressuB®5(psia)
Z- FC-1336nzz (nmd0e0% Cycl operibahe (nole % 63%0.0 174 64. 3635.8 - 10.0 2.98
63.9 36.1 0.0 4.8p063.7 36.3 23,40 7.59 63.6634. 4 20..0 11.3683.5 36.5

49 .97 321 63.9 36.1

50.0 321 83.8 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

80.0 92.9 65.8 34.2

100.0 118 66.6 33.4

110.0 144 67.6 32.4

120.0 175 68.9 31.1

130.0 211 70.4 296

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-iike compaositions

Weight Percentage

COMPONENTS T (°C) Range

Z-FC-1336mzz/cyclopentane | - 20 77 - B6/14 - 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/cyciopentane 120 70 -99/1 - 30

- Z-FC-133B6mzz/cyclopentane 150 88-991-32 |

10

24



130.0 16.6 63.6 36.4 40.0 23.4 63.7 36.3 49.97 32.163.9 36.1 50.0 32.1163.9
36.1 60.0 43.164.2 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 14467.6 32.4 120.0 175

Table 21 Azeotrope-like compositions

COMPONENTS T Weight Percentage
(°C) Range
Z-FC-1336mzz/cyclopeniane - 20 80 - 86/14 - 20
Z-FC-1336mzz/cyclopentane 0 80 - 87/13 - 20
Z-FC-1338mzz/cyclopentane 40 80- 90/10 - 206
Z-FC-1338mzz/cyclopeniane 80 80 - 95/5 - 20
Z-FC-1336mzz/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-like composition can be prepared by weighing the
desired component amounts and thereafter combining them in an
apprbpriate 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 propeliants, refrigerants, solvents, cleaning agents, blowing
agents (foam expansion agents) for thermoplastic and thermoset foams,
heat transfer media, gaseous dielectrics, fire exiinguishing and
suppression agents, power cycle working fluids, polymerization media,
15 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 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 methyl formate, pentane, 2-methylbutane, 1 ,1,1 ,3,3-
pentafluorobutane, trans-1 ,2-dichioroethylene, 11,1 ,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane.
25 Ancther 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 30.0 211 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 _nmmay ,al so.be forne

. Such -l1ik i ti 5 i st
Y ound azeobt ErT RIS PGS Toa i R NS TE BCHEaN Fodet ke — o
conposi ti ongrk&insatd QQeét?oﬂ?é@r%zéQtro@QQi‘kbi&?ﬁboéﬂ@r@@bﬁ@%ses%nﬁally

azeotrope-like conpositions are listed in Table 21. Table 20 Azeotrope-1like

conposi t i onof ZAVRAINENEShetaflugre-2tbytengnami agtumpenertselapeRibigthe ;77 -
87113 - 24 ZORSPTRE PG She A aopdniango oot ians T 155.07° -
T 1530 pRaln a0 T B0l 36T ol apentane 120 70
pentaﬂuoropropa}t/ne, c?imethoxymethane and cyclopentane.
- Another embodiment of this invention provides a process using an -
azeotropic or azeotrope-like 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-
pentafiucrobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane. ‘

Another embodiment of this invention provides a process for
16 producing an aerosol product. The process comprises using an azeotropic
or azeotrope-like composition as a prdpeliant, 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-pentaflucrobutane,

20 trans-1,2-dichioroethylene, 1,1,1 ,3,3-pentéﬂu0ropropane,
dimethoxymethane and cyclopentane.

Another embodiment of this invention provides a process using an
azeofropic 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-
pentafiuorobutane, trans-1,2-dichioroethylene, 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-like composition as a fire extinguishing or '
suppression agent, wherein said azeotropic or azeotropemiike' compositiah
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-
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68- 9911 - 32 10 Table 21 Azeotrope-like conpositions COVWONENTS T
Wei ght Percentage (C) Range Z-FC-1336nzz/cycl opentane -20180 - 86/14 - 20

£ TSR 08 9%l Binaal A ZRILCHR R e 4
Z- FC- 13361221, 8163, GRsentanieorbpPofihe, dRAbthoxyAfthdnE Gnd336IBahtarel opent ane

15080 - 99/5 - 20 The azeotropic or azeotrope-like conpositions of the
present i nventi orf\Rt@iRepenmhasiyacetioiiisdimyeoton proddes enproeess vrih@idinng ni Xi ng

or 5 conbi ni . j 4Nt ! e iment of t.his.invention, an
azeotropic 0@5&@@#@%@%&@%%@%’?# ggﬁ'gga‘?}?ﬂ%%%&tréﬁ?a?@ r%‘? %ﬁéﬁ' ghi ng the
desired Sonmzeetbpinouatesteope-liktetaapbeition UBskita8sid@milyvf 0 appropriate
cont ai ner. Th$ Ztlzg()t BOpif? or aéeot rope-|i ke conpositions of the present 10
i nventi on can!detfdelexailuprprdtbuteniepnd a casppeReitiseiescted flemutergrovpei r use
as aer osol ; ' |y € ni nts, blow ng
agent s (foa%bg‘g%g'hg{gﬁn%%‘mdéﬁ‘%?%w %ﬁ%ﬁ%‘o%ﬁ%tﬁ yl(‘:o%g 't1%9%§"et f oans, heat
transfer nmedientafyasebutang élaestt 2aichibioethyshenydisbj3ag and suppression
agents, power | e working flujds, polynerization nedia, 15 particul ate
removal fl ui%?gfﬁﬂPP@p%%idﬂ'E,ethﬁ’ﬁ metEngradicyelopgaiang, and di spl acenent
drying agents. One enbodi nment of this invention provides a process
for preparing a thernoplastic or thernpbset foam The process conprises

usi ng an azeotropi c or azeotrope-1ike conposition as a bl ow ng agent,
wherein said 20 azeotropi c. or azeotrope-like conposition consists
essentially of Z- 1 ,1 ,1 ,4,4, 4-hexafl uoro-2-butene and a conponent

sel ected fromthe group consisting of nethyl formate, pentane,

2-met hyl butane, 1 ,1 ,1 ,3,3- pentafluorobutane, trans-1
,2-dichloroethylene, 1 ,1 ,1 ,3,3- pentafl uoropropane, dinethoxynethane and
cycl opent ane. 25Anot her enbodi ment of this invention provides a process for
produci ng refrigeration. The process conprises condensing an azeotropic or
azeotrope-li ke conposition and thereafter evaporating said azeotropic

27



or azeotrope-like conposition in the vicinity of the body to be cool ed,
wherein said azeotropic or azeotrope-like conposition consists essentially
of Z-1,1,1, 4,4, 4-hexafl uoro-2-butene and a conponent selected fromthe
group consisting of methyl formate, pentane, 2-nethylbutane, 1,1,1, 3, 3-
5pent af | uor obut ane, trans-1, 2-di chl oroet hyl ene, 1,1,1, 3, 3-

pent af | uor opr opane, di net hoxynet hane and cycl opent ane. Anot her
enbodi ment of this invention provides a process using an azeotropic or
azeotrope-like conposition as a solvent, wherein said azeotropic or
azeotrope-|li ke conposition consists S jally of Z- 10

1,1,1, 4,4, 4- hexaf | uor o- 2- but ene and gjéﬁﬁg%nent sel ected fromthe group
consi sting of nethyl formate, pentane, 2-nethylbutane, 1,1,1, 3, 3-

pent af | uor obut ane, tran§-1,2-djthoroethyle‘e, 1,1,1, 3, 3-

pent af | uor opr dpahECMWCTEPA GRPRSHPARESYNEELEI opent ane.  Anot her embodi ment
of thissinventi O@) pLPvides Anaracess2fiffiede dpoduci ng an aerosol product.
The process conprises usi'ng an azeotropic or azeotrope-like conposition as
a propel | ant, wh@) pentapai whawinthopeniaoe iwgﬁemtdp@nleﬁa@ht@ﬁﬁwm) fodarm

consi sts essenti gl | f £-1. 1.1 4. 4 4. 0 Q-2 3r onponent
sel ected fromthd' 8¥%ﬁb°pé%%%WEWFﬁ8“ 3@“&@?@% Oé%a%ggkgpf@Q Oa%(rab?ﬁ@nec'

2- et hyl but ane, f"lﬂ-hé.aiecﬁro'bicpedimgbkiﬂm Obdtammﬁ,coﬁ@lstiag}leséflarﬁiadj/ ohfromcsoy | ene,
1,1, 1,3, 3-pent af | ugr opr opane, di et met hane and ¢ ent ane.

Anot her enbodi _rre?ﬁ'zé‘?&?rﬁ’ﬁeﬁ‘?qrﬁ%ﬁgg‘d)tg%%(HWH%I8§r°§“bgb1c_i§s4?g§rq?@‘_a§Ho@_i%ot r opi ¢
or azegprope- | i ki, 1eREBAGIHonOBbES £4.5elle bbRRME & ai®di4. 3 MRS gérdenil d
azeotropic or azeotrope-like conposition consists essentlaIIEOZS of

0

Z-1,1, 1, 4, 4, 4- heperitanerohich bas badingmeing tevppoieetof deineebed -RPomtehe group

pentat | uor obut anto120s o2t AR Ar G1dty PEREY2.3 Bpfts kb 1d abock 162

pent af | uor opr opapsia (th3teti@xynet hane and cycl opent ane. Anot her enbodi nent
of this inventjon provides a cess far .30 _extinguishing or suppressing a

a. 15
fire. The process ©CBHPSIICELOR ‘isﬁﬁg gase@ly PEpi ¢ or azeotrope-1ike

conposijki on as ag)i € 16Xk UNGHERIFIUM-OIh RERBIRRISI on agent, wherein said
azeotropi c or azeot rog%l i ke conposition consists essentially of

Z-1,1, 1, 4, 4, 4- hetbdentne; phetrie e periane iopissarhin aedftactive amasii tchermr oup
consi sting of ne 2} ] thylsb n 9.

1,1,1, 3, 3-pent af %ﬂé‘lrz%%ﬁ(idagﬁﬁe}% @jﬁéﬁb_ﬁ{f@wﬁlﬁé%%rﬂz,t‘ihﬁ%%ﬁe?xaﬂuoro 2-butene.

1,1, 1, 3, 3- pentdaf The sepstogenike chmpoditiory oletlhiand cansistiyy esgeatibiynef franot her

enbodi ment of this.inventiqon provi rocess, usi n_azeotropi.c, or
azeotrope-|ike c%ﬁ{%ggtﬁi@&ﬂﬁ%é’??%ﬁr&rzgﬁ rﬁ%@;ﬁﬁﬁ@%\ow@%‘@e%%%@fwﬁi‘oor
azeotrope- | i ke CORRAstidepttrt Pahiaes cRaSeRlizad by: 8f a @mperature of from -40
1,1,1,4,4,4-hexaf | uoro-2-butene and a conponent selected fromthe group

consi sting of netGiye 1207Grsaid coamwatien ravingt hdifisranaedn dewipaintpressure
D o oot e b b LS P B S P o eespappon .
2. 10 3. 15 the bubble point pressure.
5. A process for preparing a thermoplastic or thermoset foam comprising
25 using an azeotropic or azeotrope-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 pentane.
6. A process for producing refrigeration comprising condensing an
azeotropic or azeotrope-like composition and thereafter evaporating said

30 azeotropic or azeotrope-like composition in the vicinity of the body to be
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4. 20 5. 25 6. 30 A conposition consisting essentially of: (a)
Z-1,1,1,4,4, 4- hexaf |l uoro-2-butene; and (b) pentane; wherein the pentane is
present in an effective anount to forman azeotropi c conbination with the
Z-1,1,1,4, 4, 4- hexaf | uor o- 2- but ene. The azeotropic conposition of claiml
consisting essentially of fromabout 48.2 nole percent to about 58.7 nole
percent Z-1,1,1, 4,4, 4-hexafl uoro-2- butene and from about 51.8 nol e percent
to about 41.3 nol e percent pentane, which has boiling point tenperature of
from about -20 CGaaedbyhreibZad arecirgpiessarawtiopefikemoaimmgitiop. ngistsa (15

kPa) to about 182 psi. kPa), A.C ifJ.0on i St essentially of:
(a) z-1,1, 1, 4, 4,éas.%%g@»feﬁﬁJi%a%%—#&rgﬂtﬁ‘)%s*%%@%é%Pé e%?'lté\b%érei n the
pentane is pré&seAprodesatotigrietiy wen@anuRbotepit or Brestraxsitiy apepddition
combination with the Z-1 1,1,4,4,4-hexaf|uoro-2-buteﬁ§. The azeotrope-Ilike
conposi tion of cRaREPYERbNdIeEeNTFIEIZRANPH PrAZSOIPPEIKE SOMPOgHOoRei ght
percentzZ-1,1,1, 4= i 2 byt - . j per cent
pent ane? char actétarrlé}ée%%aﬁgﬁﬁlgw gp%gr’rg’gFﬁ?’&r@}gﬁa?@gzm%-éhég%é%g%ﬁ% sai d
conposi ti on hdvi Agrecessiforprodoeng andeiogdipnedyst semprisingritsingL®bl e poi nt

b1 cosure. A procB SRR yrBearPhe Re REFRENPAZR b Pe il ARt raehy

conpri si ng usi ngassbt@pRodr DRblrope-ike eotripoptiohidsasicenasentialofas a bl ow ng
agent, wherein said azeotrgﬁic or. .azeotrope-ljike conmposition consists

essentially of_ZféfhfﬁfhPQK Lﬁ@k&ﬁwﬁ%ﬁ%? -Bﬁ?@ﬁ@-and pentane. A process for
producii§g refrg gRNALERR SIS (InG AR ULBSIASIc /P a2ESR LM Lodthposition
azeotrope-like conposition and ™t hereafter evaporating said azeotropic or
azeotrope-|i ke cawpdeit ransfehmeria, whereintspidoazeaepisoeyazestpee-likeol ed,

ther o1 521 a2<oL 0Bl Lo RERELLORSI ke ZCPRCEI' RO SRIR.skmuanoant ol

conpri si ng usi ngp@ttapageot ropi ¢ or azeotrope-li ke conposition as a sol vent,
wherein said azeotropic or azeotrope-like co os%tion 5consists essentially
of z-1,1,1, 4, zﬂ,%-ﬁw%&?%%’&-’@%%ﬁ% ChRUPRIERTAAE T8 CORRYSEEe S3NE &
produciiBg an aer gaQiirdpfOsede ot kS IBEhpSHiBA A HERO&naDIsRindlor
azeotrope-like conposition as a propellant, wherein said azeotropic or
azeotrope-|ike cowgisessionAgetnyhstain sgideaneplppig asfazeotrope-like composition

2L 1, 1, 4,4, 4 hexalldigs alohllig BE 7an9 1PEBLANSAnhE%-2 BURICERPOGRARE! S NT
usi ng an azeotropi c or azeotrope-li'ke’conpositron as a heat transfer nedia,
wherei n sai d azed® papess compdsing Lsperdnt Erecpiosi ddcotropedike sompestient i al |y
of Z-1,1,1,4,4,4-h§x fl uor o-2-hut en %%%%Pgentane. .%0. A grfcess for
ext i ngui shing or@% IS Whereipsa 5 ¥ f2goirRge-dke $8EPRSTP8pi ¢ or
azeotroge-|i ke cefReskkodntfy af Fi1 ¢ 10K kigngaisbRO2 DutsirMEpsmtane agent
wherein said azeotropic or azeotrope-like conposition consists essentially
of Z-1,1,1, 4,4, 4-hexafl uoro-2-butene and pent ane. 11. A process
conprising using an azeotropic or azeotrope-like conposition as

dielectrics, wherein said azeotropic or azeotrope-|like conposition
20consi sts essentially of Z-1,1,1, 4, 4, 4- hexaf | uor o- 2- but ene and pent ane.
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