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The vapor pressure neasured versus the conpositions in the PTx cell for
Z- FC-1336nzz/ methyl formate m xture is shown in FIG 1, which graphically
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. inherent to 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 faise (or not present), A is false
(or not present) and B is true (or present), and both A and B are true (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 plural 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. All publications, patent
applications, patents, and other references mentioned herein are
incorporated by reference in their entirety, unless a particular passage is

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



22.9 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 83.2 100.0 113.3 15.6

84.4 5 Addit] | | zeot.r.openl i ke, conposi ti gns cqntai ning Z-FC 1336nez
and net hyl f\gﬁ@né%’m@' 3‘?@'@%&@0’?’@?&'&@6@%‘75’?@0?F‘ ﬁéﬁmﬂ!%géfﬁrposi tions

exi st ar oundiliagiegtivieCsii¢ aﬁ@%ﬁhﬁén@@&-to%ﬂ%iﬁﬁ??d' nents of azeotropelike

conpositions are listed in Table 2. Additionall enbodi nents of

10azeot r ope- | i ke &dfpddpPBmEads & knaws cempoundasha its préparedibhenéthod
Azeotrope- | i ke, GOUPARLIRAS fSFAENFETR U s. Patent Application No.
5  60/826293 [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 compaosition consists

10 essentially of (a) Z-FC-1338mzz 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-iike
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. | I

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 azeotrope-iikke 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



T (C) Weight Percentage Range Z-FC 1336nezz/ Methyl formate -40 1-99/1-99
Z- FC-1336nzz/ Methyl formate 0 1-99/1-99 Z-FC 1336nzz/ Met hyl formate 20

1-99/1-99 Z- FC-1336nw thyl f te 40 1-.99/1-99 7-FC- 1336nrz/ Met hyl
formate 80 CSeIEREESnEes BawsBhiTidh shetivnatiouns P 2088 stn! o 3
Azeot r ope- | ijike R WitH BIFCGIBANENTS T CC) Wei ght Percent age Range

Z- FC-1336nzz/ Met hyl formate -40 10-90/10-90 Z-FC- 1336nezz/ Methyl formate O

10- 90/ 10- 90 Z- FCln 3gememedimentsaf tkiseneentian, dog congositioncoreidsnzz/ Met hyl
formate essentially of (a) Z-FC-1336mzz and (b) cyclopentane; wherein the
5 cyclopentane is present in an effective amount to form an azeotropic or
azeotrope-like mixture with Z-FC-1338mzz.

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 compaosition is an admixture
of two or more different components which, when in liquid form under a

20 - given pressure, will boil at a substantially constant temperature, which
temperature may be higher or lower than the boiling temperatures of the
individual components, and which will provide a vapor composition
essentially identical to the overall liquid composition undergoing boiling.
(see, e.g., M. F. Doherty and M.F. Malone, Conceptual Design of

25 Distillation Systems, McGraw-Hill (New York), 2001, 185-186, 351-359).

Accordingly, the essential features of an azeotropic composition are that at
a given pressure, the boiling point of the liquid composition is fixed and
that the.composition of the vapor above the boiling compeosition is

30 essentially that of the overall boiling liquid composition (i.e., no
fractionation of the components of the liquid composition takes place). Itis
also recognized in the art that both the boiling point and the weight
percentages of each component of the azeotropic composition may
change when the azeotropic composition is subjected fo 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



40 10-90/10-90 Z-FC-1336nezz/ Methyl formate 80 10-90/10-90

Z- FC-1336nzz/ Met hyl formate 120 10-90/10-90 It was found through
experinments that Z-FC,1336nzz a 10 pentane form azeotyopic or,

azeot r ope- | i&'@ %ﬂ%ﬁ‘?f?%ﬁ%‘?geﬁo&%?mﬁ@“@% grdn fermolexantiveight of this
bi nary pair, ' ) Wﬁéﬁ% f ; ; bsol ute
pressure in %éll%%@géélsrﬂ?tg? Er?o vol u%e%aggs ag{?'rﬁe aar%-&%g%%?g taa

t enper at ur e fiberd bailing psinbahaspecifieggeessors. These nmeasurements were then

d dt i1ibri i quid. i t] in th | | [ th
LVIRTL equatiion. | TeEAipoRs BLEYS iaRicrr 8 arepkaBeikE SOl ons n t he
5 PTx celd f@Qpads BledAstimad pritbaRavEs n%era% éfearw@pbﬁxggﬁﬁon?a.ew ch

illustrates graphically the formation of an azeotropic azeot r'ope-1ike
conposi ti on kansotrstantpelingoharactigrishits Zrlg entescy not tefratticrmte1Pobut ene and

at 19..9 C i ndi.cated b L xt f about 50.0 1ol e %
2T 11, 4 4 welng br BRabaSHERL Hreanm il BofioB or auABRrID. HIRVERPT he 10

hi ghest presghd Bq@deforpitigHRF teé @ﬁﬁﬂgéiﬂiaﬂﬂéhﬁ%é Bhiy th MRV be-
Based upon these findings, it has been cal cul ated that "Z- FC-1336nzz and

pent ane f or meglighie spdentc dijsoisi toibeneontaagied gvith ben-@zeotrope-likenol e percent

to about'1. PHEPERES EERMAIRBIRE & FaphdbRo Mo BpidT one.
boi ling at acdéreppsitiehs thande fo @rubbotial 38frdey about 120 C and at a .
pressure of fromabout 2.2 psia (15 kPa) to about 182 psia (1255 kPa)).

Some enbodi ment s BHdEiPEBN: GBPEtEBAPIESIGATBRRSHPRS PXRIPEGEWPFEbPESSEUR0 25 30
L o 2 o BLSL AT (OB I LY B A 50BL
51.8 say that the difference in the dew point pressure and bubble 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 {o be azeotrope-like.
it is recognized in this field that when the relative volatility of a
20  system approaches 1.0, the system is defined as forming an azeotropic or
azeotrope-like composition. Relative volatility is the ratio of the volatility of
component 1 to the volatility of component 2. The ratio of the mole fraction

of a component in vapor to that in liquid is the volatility of the-j: 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 Publisher, 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



- 10.0 3.70 48.9 51.1 0.0 5.91 49.5 50.5 10.0 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 47tO]Te§?JPéS%n?§QLﬁd %%age%%n?dggit?es. 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

o  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 experinﬁents 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 ina 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/methy! formate mixture is shown in FIG. 1, which
graphically illustrates the formation of an azeotropic and azeotrope-iike

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 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 methy! 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



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 ly, azeotrope-like conpositions containing

Z- FC- 1336nez ent ane | so_be form ed. Such _azeotraope-]ike
conposi ti ons(égirl‘gjta%MQ %&B@Qﬁﬁ@&%%ammp@ﬁmpoggmseafﬁd@ta@ﬁt s of
azeotrope-|i |gompositions are listed in Table 5. Additional enbodi ments
of azeotropelike conpositions are listed in Table 6. 1.0 15 Table 5

Azeotrope-|ike conpositions COWONENTS T (C) Wi ght Percentage Range

Z- FC- 1336nkzz/ Pent ane -40 60;‘,7%/ 25-40 7Z-FC-1336nzz/ Pentane 0 60-80/ 20- 40
able 1 Azeotropic compositions

Azeotropic Azeotropic | Z-FC-1336mzz | Methyl formate
Tem%e(a:r)ature Pressure (psia) (mole %) (mole %}
~(2o.o 1.38 25.4 746
-10.0 240 . 25.2 7428
0.0 | 3.97 248 752
100 6.30 ' 24.3 75.7
30.0 964 Y 76.3
30.0 143 22.9 771
40.0 205 T 221 77.9
50.0 , 28.7 212 7788
60.0 392 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
100.0 113.3 156 84.4

o

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-fike compositions are listed in Table 3

15

10



Z- FC- 1336nezz/ Pent ane 20 60-82/28-40 Z-FC-1336nzz/ Pentane 40 60- 85/ 15-40
Z- FC- 1336nzz/ Pent ane 80 55-90/10-45 Z- FC- 1336nezz/ P entane 120 45-99/1-55
5Tabl e 6 Azeotrope-like conpositions COWONENTS T (C) Wi ght Percentage
Range Z- FC-1336nezz/ Pentane -40 62-70/30-38 Z-FC 1336nezz/ Pentane 0O

64- 74/ 26- 36 Z- FC- 1336nzz/ Pent ane 20 64- 76/ 24- 36 Z- FC- 1336 nez/ Pent ane 40
64- 78122- 36 Z-FC-1336nzz/ Pentane 80 62-84/16-38 Z-FC-1336nez/ Pentane 120

57-99/ 1-43 ‘ Table 2 Azeotrope-like compositions
COMPONENTS T (°C) | Weight Percentage
- Range
Z-FC-1336mzz/Methyl formate -40 1-99/1-89
Z-FC-1336mzz/Methyl formate -0 1-99/1-99
Z-FC-1336 mz_z/Methyl formate 20 1-89/1-99
Z-FC-1336mzz/Miethyl formate 40 1.09/199
Z-FC-1336mzz/Methyl formate. 80 . 1-99/ 1-99
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/Methyl formate 40 | 10-50/10-60
Z-FC-1336mzz/Methyl formate 0 10-90/10-90
Z-FC-1 336mzszethyl formate 20 10-80/10-80
[ZFC-1336mzz/Methyl formate 40 10-90/10-60
7 FC-1336mzzMethyl formate 80 10-80/15-90°
Z-FC-1336mzz/Methyl formate 120 | 10-90/10-90

it was found through experiments that Z-FC-1 336mzz and
10 pentane form azeotropic or azeotrope-like compositions. To determine the
relative volatility of this binary pair, the PTx method described above was
used. The total abso_lute pressure in a PTx cell of known volume was

11



It was found through experinents that Z-FC-1336nzz and isopentane form
azeotropic or azeotrope-like conpositions. To determne the relative
volatility of this pinar ir, the PTx met hod descri bed ahove 10 was used.
The tot al * abBeatEbs CauhtaR thingepiure for VastoU O A WA MRS HBRS T8 od

constant t eRRESHHIReARIWMAINBH TS BLOA Yo BIRBRLMN Rkt aBBtpEidTeasur ement s

were then reduced to equi rium vapor an npositions in the cell
usi ng the NRE@mpgsitibhein the cell using the NIREL eapatiomr essur e neasured ver sus
the conpositions in e 15 PTx cell for Z-FC-1336nrz/ isopentane m xture is

shown in FIG 3, whi dREYAPPLPISISLES GreathTed Meysysbercomprasitenon e
azeot r opes andTAZRA¥EOPG(11886mZ2IPeRtld AMSLPE is shown i FIG. 2, which

Z-1,1,1,4,4, 4-hexaf | uoro-2-butene and I sopentane a as | ndicated by
a mxture of iluslsatesqyaphicsllethe formation of an azeditopsd suderedirbpe-dke and 60. 0

nole % i sope hayi hi Sty pr u er.the ran of
conposi ti ogsgérﬁegﬁggxtc%éggg L?rsggﬁ%yg%ﬁap{yﬁ '{Z%é“s"%e’?q%HHf‘?fgsﬁ?“tPf‘ehas been
cal cul ated thad pénfdie ABBBOPL, aBGhdicQRRNBRASXAIBA2BBLE 80ICmeRPSi ti ons
rangi ng fromabout 37.1 nole percent to about 43.6 nole percent

Z- FC- 1336z zZahdl 14.6-BByailucso-Dbulene aved 6814 mote %bpentabe having theper cent
i t i i iti boi,l.i. t { t f
from 10 Rbout1ehES PSSR 6 BB i gd AP EB kP S b Bt e Ao Beli e 2 7 ot

(19 kPa) to about 199 psia (1372 kPa)). Sone enbodinents of azeotropic
conposi tions apyskiSiRsh thesd bmgs; it Tel Sech éér%?faﬁéepgh%gzgg_e%éarﬂff

Azeotropi c Tenperature (C) Azeotropic Pressure (psla bnezz (nol e
)/ 0) | sopengagh@e(tanesfory azexiropicap8Eitions 2a8ging fnd abodf482 1Bokl. 7 0.0
7.0139.4 60,8 A0 £ 406 497 Ta 288 %2-FC-1336mzz 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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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 44.8 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

Table 4 Azeotropic compositions

Azeotropic Azeotropic Z-FC-1336mzz | Pentane
Tem;%eé')ature Pressure (psia) ’ (mple %) (moi_e %)
-(20.0 2.20 I 482 518
-10.0 3.70 48.9 511
0.0 5.91 : 49.5 50.5
10.0 9.07 . 50,1 499
20.0 13.4 50.7 49.3
30.0 19.2 512 48.8
400 26.7 51.8 48.2
50.0 7362 52.3 477
60.0 48.0 52.9 47.1
70.0 62.4 53.6 46.4
80.0 79.6 543 457
80.0 - 100 _ 55.1 44.9
100.0 124 56.0 440
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 azeofropic compositions. Some embodiments of azeotrope-like
compositions are listed in Table 5. Additional embodiménts of azeotrope-
like compositions are listed in Table 8.

10

15
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47.7 52.3 120.0 199 48.6 51.4 15Additionally, azeotrope-like conpositions
contai ni ng Z- FC-1336nzz and i sopentane may al so be fornmed. Such
azeotrope-li ke conpositions exist around azeotropic conpositions. Sone
enbodi nents of azeotropelike conpositions are listed in Table 8. Additional
enbodi nents of azeotrope-like conpositions are listed in Table 9. 5Table 8
Azeotrope-1li ke conpositions COWPONENTS T (C) Wei ght Percentage Range

Z- FC-1336nezz/ | sopent ane - 4022@- HE ﬁ,H kg CongRGitronsl sopent ane 0

45- 70/ 30- 55 Z- FG1336nrztt+sopentane—20—45~+5+2555—~2Fc-1336r%2/ | sopent ane

- 40 45-75/ 25-55{ Z- FC- 1336nzz/ | sopent ang 80 4p-85/15-60
Z- FC- 1336nzz/ | sopemhareNEMTS- 99/ 1- 99 I'q‘t{P@) D W@Qﬁtrp@s%eh'tég% cdonposi tions
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 - 55-80/10-45
ZFC-1336mzz/Pentane | 120 45-99/1-55
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 64-78/22-35
Z-FC-1336mzz/Pentane 80 62-84/16-38
Z-FC-13368mzz/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-1338mzz/ isopentane mixture is shown in FIG. 3, which

illustrates graphically the formation of an azeotrope and azeotrope-like

14



COMPONENTS T (C) Weight Percentage Range Z-FC-1336nzz/| sopentane -40
49-58/42-51 Z-FC-1336nzz/| sopentane 0O 53 65/ 35-47 Z-FC-1336nzz/ | sopent ane

20 53-68/32-47 Z- FC— 13 71/ 29- 47
Z- FC- 1336ne PN E55 536%5 {55%7‘%9?%@@ égti SBRAIM iseprMaaaat 194
43-89/11-57 °clasl.ﬁdm@fedft9ya%;mm@wabsespso'or%ié A a§ 141 k4 4336z and

HFC- 365nf ¢ form azeot rope-li ke conpositions. term e’ the relative
volatility dfexaﬂu@robzmmq)am B0tthenoler o M%\ttammbavmgékde hlghest was used.

The tot al sure |n PTx ¢ wn vo ume was neasured at
const ant te%ﬁ% éqrﬁrcg’ C%?‘?\%%‘ﬁo%%ﬁégﬁ ?qrep]%ra YHese measurenents

were theg reduced t@asHd i_lr_;béﬁtﬂéﬁe\ﬁw g@nfhad BHEAH CARTRASH th&ANEFCL the cell
using the NRTL equation. The vapor pressure neasured versus the

conposi t i ons! 33fMzzcarsgd spreptane foon azep@cm:smmsmms 3BRging fionxt ure i s

Srootr ope. | 200t At ERie bricthl &SR0t 428 8% Herkd 2316 358072 A0dng
HFC- 365nf ¢ atmﬁ@ba;uﬁsz@smrwp@r@taﬁﬂtd%@umwtm@& Jsérc@hqs@ penthfe 99 mol e %
Z-1,1,1,4; 4, 4- hexaf | uoro2- butene and about 1 to mol e % HFC- 365nf c.

10Sone enbodwﬁm@rmfa@ﬁér@w%wppwaowﬂmd@gtat@'@m@aturstoédmnm Tabl e 10.

Addi t I t Tabl

10 Tant8 1 GERAET & do Rbglt 20 G 0 P?%%%QEW%?%@W (Begnete e

Per cent age meeo ébEGf 199@&1@2(151?9 KFent Some embodiments of azeotropzc
compositions are listed in Table 7.

. Table 7 Azeotropic compaositions

Azeotropic Azeotropic Z-FC-1336mzz | Isopentane
Tempoeér)ature | Pressure (psia) (mole %) (mole %)

-(20.0 2.72 371 62.9
-10.0 4.47 38.3 ‘ 61.7

0.0 701 39.4 60.6

10.0 10.6 40.4 58.6

20.0 15.4 41.2 58.8

30.0 21.9 : 42.0 58.0

40.0 30.1 | 428 67.2

50.0 405 43.5 56.5

60.0 53.4 442 55.8

70.0 69.0 448 55.2

80.0 87.6 455 54.5

90.0° 110 462 53.8
100.0 ' 135 48.9 - 531 ‘
T16.0 165 477 523 |
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



-40 1-9911-

99 Z-FC-1336nzz/ HFC-365nfc 0 1-99/1-99 Z-FC 1336nezz/ HFC- 355nf c

40 1-99/1-99 Z-FC 1336nez/ HFC- 365nfc 80 1-99/1-99 Z-FC 1336nez/ HFC 365nf ¢

120 1-99/1-
Azeot r ope- |
Z- FC- 1336nz
10-99/10-90
80 10-90 z-

10

99 Z-FC-1336nrz/ HFC-365nfc 160 1-9911-99 Table 11
st @5ap0d PERRRRPICORPOREIIPS ST Saye wrbgrimpaisceiAZEproREnge

TSRS AP S TR e S RERR - e sesnt

R2ebidpetikeHct RETuhe ér%(hsted in Table 9.

Table 8 Azeotrope-like compositions

COMPONENTS | T (°C) | Weight Percentage
| Range

Z-FC-1336mzz/lsopentane | -40 40-65/35-60
Z-FC-1336mzz/lsopentane 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/lsopentane 80 40-85/15-60
Z-FC-1336mzz/lsopentane 120 | 1-99/1-99

Tabie g Azeotrope-like compositions

COMPONENTS I T(°C) | Weight Percentage
_ |  Range
Z-FC-1 336mzi/ isopentane -40 49-58/42-51
Z—FC~1336mzz/isopéntane |- 0 53-65/35-47
Z-FC-1336mzz/lsopentane 20 53-68/32-47
Z-FC-1336mzz/ ls.openta ne 40 53-71/28-47
Z-FC-1336mzz/isopentane 80 |  52-77/23-48
Z-FC-1336mzz/isopentane 120 43-89/11-57

It was found through experiments that Z-FC-1336mzz and HFC-365mfc
form azeotrope-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 celt of known volume was measured at

16



10-90 Z- FC-1336nezz/ HFC- 365nfc 160 10-90 It was found through
experinents that Z-FC- 1336nzz and trans-1, 2-di chl oroet hyl ene form

azeotropic = e ! ) r m the relative

Vol ati 11ty oPrEffl e fRglnTor RRE BART comi SR MhBieanove vias used.
The total ahsehstirerpnesweretlion editsdael dquifbriunpvapachnditiqiids neasured at
constant tenperature for various bi narﬁgcorrposi tions. These neasurenents

were then r&iresitionsdgine cell ugino/hgoN Rdhequaiiond conpositions in the cell

usi ng the NRTL equat+ T (o) SUS ;
conpositions in the xv%e Iﬁ}ggrger%é&%@%ggsq?ﬁé’négﬁlp%%&%ﬁl"tc‘)lﬂ'geet hyl ene
m xture Bs shpweell for Z-BC- 8338 HIFCLAGsm mixtgredpBhoadn iy Ril®e 4f or mat i on of

an azeotropi c conposition og, Z-1,1,1,4, 4, 4- hexaf |l uor o- 2- but ene .and
trans- 1, 2- di'WNFR IlbstAlasoraraicaly the magtionef azaaliepsyike FRmPESIEORY about

64.8 nol e %c%fh%lﬂ Y L4% é‘dh‘ékaﬁé&%ffﬂ 9 %;aéﬁ%éfh%sﬂ% 215021 BB B, %

trans- 1, 2- di chl ot €t hyl ene havi ng t est “pressure over t range of
conposi t i onsndicateld sy & emprires of about 1 to 99 moBaked-LUpon4d Mhésextflugiongs, it

has been calcul ated that Z-FCl336nrz r -1, 2-di chl oroet hyl ene form
azeotropic cgg’H‘B Q’Eﬂgb‘?énigfon%émn‘g%wgggﬁ{:“%%s@éml e percent t)c/) about 71.0
mol e pepgent Z- FCgoafh _ér%%@Hﬁﬁeﬂ@fbffdz%@t%l%kﬁke?%nﬁ%@&@éféf‘r’&éd frp about

29.0 nol e percent trans-1,2-di chl oroethylene orm azeotropic
conposi t i onsldé I10nddditioaat empedinanis ofafeotropatibatconomitonabreut 120 C.
and at a prqsme 'ﬁ%tﬂ f1r1om about 1.6 psia (11 kPa) to about 170 psia (1172
kPa)). Sone Ehtoti Bdltof azeotropic conpositions are listed in Table 12.

Table 12 Azeotropi c conmpogighidng ARRAIOMLodAphsfighsre (C) Azeotropic

Pressure (psia) Z-EC1336iyz (mmle % {rans-1, 2- chl or oet hyl ene (nole /0)
-20.0 1.60 62.4 37c8ypAdReNFs 74 62.4 37'?("0) Weight Percentage
' Range

Z-FC-1338mzz/HFC-365mfc | 40 1-99/1-99
Z-FC-1336mzz/HFC-365mfc| 0 1-99/1-98
Z-FC-1336mzz/HFC-3685mfc | 40 1-99/1-99
Z~FC-1336mzzIHFC—365mfc 80 1-99/1-89 -
Z;FC-1336mzleFC~365mfc 120 '1-99/1-99
Z-FC-1336mzz/HFC-365mfc | 160 | 1-99/1-99
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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 70.0 53.2

06.3 33.7 80.0 69.0 67.2 '?a%bi% 1910Ageotrope-iéke compositions

COMPONENTS T (°C) | Weight Percentage
Range

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

10-89/10-80
Z-FC-1336mzz/HFC-365mfc 0 10-98/10-90
Z-FC-1336mzz/HFC-365mfc | 40 10-88/10-90
Z-FC-1336mzz/HFC-3685mfc | 80 10-90
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 frans-1,2-dichloroethylene at
50.1 °C, as indicated by a mixture of about 64.8 mole % 7-1,1,1,4,4 .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-dichloroethylene 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 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



88.2 68.1 31.9 100.0 111 69.0 31.0. 110.0 138 70.0 30.0 120.0 170 71.0 29.0
Addi tionally, azeotrope-like conpositions containing Z-FC 1336nzz and

tranledlchIo Qe ene o_pe f d. tyope-1like

conposi ti onsfro&l é?&ﬂﬂaa{ﬁg‘ﬁéﬁ? ég Bhﬁﬁ?!%@gc}aéﬁé? @i ments of
azeot r ope- | Ie!fﬁb@d:rmss bF 8RSt Slc bbﬁfp@@ttiorr‘:s-'iﬁ@'l%té@rn Tl tyigonal enbodi ment s
of azeotrope-like conpositions are ysted in Table 14. Table 13

Azeotrope-|like corrp05| t | onsT ZHSNENTS pmiEisiitnsPer cent age Range
Z- FC- 1336negzt+t++ans cht-ofeet-hyt-ene 0—£1--82/-18-20-

2 e el R S s e
Z- FC- 1336nziz/t radsCh. 2- di ¢hl or oet hyl ene {40 65-99/ 1- 35 (mole %)
Z- FC-1336neg/ t rang0.0, 2- di ¢hl or o&BRy| ene 62.4 : 37.6
-10.0 274 62.4 37.8
0.0 4,47 825 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 | 21.7 64.2 35.8
50.0 299 T 648 352
60.0 403 655 345 -
70.0 53.2 66.3 33.7
80.0 69.0 67.2 32.8
90.0 - 882 68.1 | 31.9
100.0 11 TTTEe0 310
710.0 138 70.0 30.0
120.0 170 71.0 29.0
5 Additionally, azeotrope-like compositions containing Z-FC-1336mzz

and frans-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

19



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 or oet hyI ene 160 58-99/1-42 Table 14

Azeotrope-1|ike conpositions
Z- FC-1336nezzJtrans-1, 2- di cHere 5 e .
rans- I, Z- di chlor oet'hyrene 0" 69-8

Z- FC-1336nret
Z- FC- 1336nez/
Z- FC- 1336nez/
Z- FC- 1336nez/i
Z- FC-1336nez/
Z- FC- 1336nezi

V\elght_ Percent age Range

trans-1, 2-di chl or oet hyl ene 20 68-

trans- 1 2 &WPWFQI ene 40 68-9(8 y.

ot hvl ana. 20

VAo 51362“6%/Erﬁn5~r1@%1dﬁ§h!metweng5

_¢id) 1. 3571-82/18-29

Z-RCS1336m e AR SO BH I G Bt PEn g

T S567.86/14-33

Z-FC-1336mzz/trans-1,2-dichioroethylens | 20 65-93/7-35
Z-FC-1336mzz/trans-1,2-dichloroethylene | 40 65-99/1-35
Z-FC-1336mzzftrans-1,2-dichloroethylene | 80 63-99/1-37
' Z-FC-1336mzzitrans-1,2-dichloroethylene | 120 651-99/1-39
Z-FC-1336mzz/trans-1,2-dichloroethylene 160 58-99/1-42

Table 14 Azeotrope-like compositions

COMPONENTS

T Weight
(°C) | Percentage Range

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

-40 72-80/20-38

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

0 | 69-83/17-31

Z-FC-1336mzzftrans-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 66-98/1-34

Z-FC-1336mzzftrans-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-like compositions. To determine the relative
volatility of this binary pair, the PTx method described above was used.
The total absolute pressure in a PTx cell of known volume was measured

at constant temperature for various binary compositions. These

10 measurements were then reduced to equilibrium vapor and liquid

compositions in the cell using the NRTL equation.

The vapor pressure measured versus the compositions in the
PTx cell for Z-FC-1336mzz/ HFC-245fa mixture is shown in FIG. 6, which
llustrates graphically the formation of azeotrope-iike compositions of Z-

15 1,1,1,4,4 4-hexafluoro-2-butene and HFC-245fa at 18.0 °C, as indicated

20



5t was found through experinents that Z-FC 1336nzz and HFC-245fa form
azeotrope-li ke conpositions. To determne the relative volatility of this

ot bosur o i n' by gl TR AR el B L2 e etmectifend onper at ur e
for various SdabyutcEROT ok % Hﬁ@%ﬂswwm%ﬁb?g?%&s%rwe then reduced to

equi I i brium vapor and |iquid corrgom tions in usi ng the NRTL
equat i on. apprOXImataihéT\m@ﬁ bf &Bahrandroysmixbies of absut B¢ tx88puset i ons in

1 ust rat es RY SRR AchE Forherga el e £id e Boiiedians of 2.
151,1,1, 4, 4, Wrth@épéﬂ presore- dj@mgxmew@pgm @3)19 9 C, as indicated by

m Xtures of about 1 to 21 nole %Z-1,1,1,4 hexaf | uor o- 2- but ene and
about 79 to 99 nole S@rﬂﬁ@rmtsﬂﬂm@mtswfazgetmpeékemmmsﬂapmm|lntﬂcbmy 17

psia (117 k 0] cent )
Do 1T e AR g! HBRaEhe R U e ou Rerbe e S8R i h vapor
pressure of Itqa@d!m(“t'@fﬁéelsy 9 psia (62 kPa). Some enbodi ments of
azeotrope-like conpositions are | | st ed in TabI e 15 Addi ti onal enbodi nents
of azeotrope-like corrp05| tables 13 Azqotrans , i Tabl e 15
Azeotrope-1ike T G)—Wet gllL Percent-age—Range

Z- FC-1336ma/ H -99/1-3 Z-FC- 1336nzz/ HFC- 245fa 0O

1-22/78-99 andCEWBQ‘INEIBTS FC— 1336rrz JHEC) 245Naggﬁ@p§7e&7{ta$e% nged |94-99/ 1-6
Z- FC- 1336nzz/ | 30 09iand.90-99/1-10 7- EC.1336nvz/ HFC- 245f a

120 1- 58/ 42-99 Zafﬁ‘a %BMHW Zﬁ’ﬁﬁiablze 11@ Azebt196ﬁ3'b99|a{‘éf QoHpLs3t i|ons
COVPONENTS T | ¢ R TS33Es 75 0

10- 13/ 87-90 af

Z-FC- 1336mzz/HFC—245fa 40 1-26/74-99 and 94-89/1-8
Z-FC-1336mzz/HFC-245fa - 80 1-35/65-99 and 90-89/1-10
Z-FC-1336mzz/HF C-245fa 120 1-58/42-99 and 76-99/1-24

10

Table 16 Azeolrope-like compasitions

COMPONENTS T (°C) | Weight Percentage Range
Z-FC-1336mzz/HFC-245fa | -40 | 10-13/67-90 and 98-99/1-2
Z-FC-1336mzz/HFC-245fa | 0 | 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/HFC245fa | 80 | 10-22/78-90 and 95-09/1-5
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-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 fliquid
compositions in the cell using the NRTL equation.
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Z- FC-1336nez/ HFC- 245fa 0 10- 14/ 86-90 and 97-99/1-3 Z- FC- 1336nez/ HFC- 245f a
40 10-17/83-90 and 96-99/1-4 Z-FC- 1336nzz/ HFC- 245fa 80 10-22/78-90 and

95-99/1-5 Z-FC 1336 67-90.,and 90-99/1-10

e vas 7 ound thr ouor VG Rs Surk oA St Vel 15 o baR Rl R ARt hane

f orm azeot r gpRx ¢dlkfer Q@@%B‘Sr@iﬁdmﬁth@ﬁ% éfﬁa’m% ﬁh@ur@ifsedr@m/iﬂ Mo gtility of
this binary pair, the PTx nethod described above was used. The tot al

absol ute pr &¥yeh Bustiatesmrrpbisally $re fanavationaif Ereoleperlikestonepbsitionsonst ant

tenperature rethen

regﬁced to ezw :131;}'4.8;fhgkgﬁugrﬁgf-lmgeﬁne%aﬁ@ﬁwgﬁ%%:gﬂgfﬁ%h% ﬁgﬁggﬁl usi ng the
NRTL equgt i eimd about 22.5 psia (15B&P&PAS irRfiesed Iy MbaSIEsest akRius 4o tdee

conposi tions i n the PTx cell for_ Z-FC 1336nez/di net hoxynet hane m xture is

shown in FI @0l %wfileh1i4, ﬁlﬂsh%@wrgr?aﬁmaﬂsww ah@uﬁbﬁcmaaur@@ie&ﬁ
azeotrope-|i %[;? i s of Z-1,1,1, 4,4, 4-hexafl uoro-2-butene and

di met hoxynet hane H%g %rgé‘c 5and about 22 5 psia (155 kPa), as indicated by
m xt ur es of aboutSdnﬁ@eﬁﬂ)duHhen%é’féze]atﬂcﬁiz iﬁ(é&diﬁ&&é?l@ﬁ&%éilbﬂéﬂ&?ekand about
1 to 99 nole. % di hoxynet ha Sonme enbodi nents of azeotrope-like

CONposi t i On§a§, 1?%@@8&’%‘ emgodrpa%nt;é Qf?zeQH@Pﬁ“gﬁQO”é?%’féﬁ%eﬁfﬁs of
azeot r opg- | iikRCipMmRds tgons are 10listed in Table 18. Table 17

Azeotrope-|ike conpositions COWPONENTS T (C) Wi ght Percentage Range
Z- FC- 1336nzz/ Di met hoxynet fab&e 14G0ze00Bhe-Be cOmmiddiBatsazz/ Di net hoxynet hane 0

1' 99/ 1' 99 Z' F F 1336”!_1_1, D rmf !‘\nvyrmf hana An

T Weight Percentage
COMPONENTS (°C) Range
Z-FC-1336mzz/Dimethoxymethane | -40 1-89/1-99
Z-FC-1336mzz/Dimethoxymethane 0 1-89/1-99
Z-FC-1338mzz/Dimethoxymethane 40 1-89/1-89
Z-FC-1336mzz/Dimethoxymethane 80 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane | 120 1-99/1-09
Z-FC-1336mzz/Dimethoxymethane | 160 1-99/1-99

Table 18 Azeofrope-like compositions

T | Weight Percentage
COMPONENTS (°C) Range

Z-FC-1336mzz/Dimethoxymethane | -40 5-85/5-95
Z-FC-1336mzz/Dimethoxymethane 0 5-05/56-95
Z-FC-1336mzz/Dimethoxymethane 40 5-95/5-95
Z-FC-1336mzz/Dimethoxymethane | 80 5-95/5-85
Z-FC-1336mzz/Dimethoxymethane | 120 5-956/5-95
Z-FC-1336mzz/Dimethoxymethane | 160 5-95/5-95

15 it was found through experiments that Z-FC-1336mzz and

cyclopentane form azeotropic or azeotrope-iike 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 et hoxymet hane 80 1-99/1-99

Z- FC-1336nzz/ Di et hoxynet hane 120 1-99/1-99 Z- FC- 1336nzz/ Di net hoxymnet hane
160 1-99/1-99 Table 18 Azeotrope-like compositions COWPONENTS T (C) Wei ght
Per cent age Range Z- FC-1336nezz/ Di met hoxynet hane -40 5-95/5-95

Z- FC-1336nez/ Di. hpoxynet han oS- 5 - BEC: | xymet hane 40
5- 95/ 5- 95 %&”@8@9% Wﬁ@?ﬁ%‘%&%ﬁ%naeb%gﬁﬁ%gg?}@%gg & PN P
Z- FC- 1336wz R iines et haneurdd it ofSiabt #imperbrd 336mzipuDbirethoxynet hane
y
160 5-9515-95 151t was found through exg?ri ments that Z-FC-1336nzz and
compositions. These measurements were then reduced to equilibriurm

vapor and liquid compositions in the cell using the NRTL equation.

5 The vapor pressure measured versus the compos'itions in the
PTx cell for Z-FC-1S8pmzz/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 cyciopentane at 49.97 °C, as
indicated by a mixture of about 3.9 mole % Z-1 1,1 4,4 4-hexafiuoro-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 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.
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cycl opentane form azeotropic or azeotrope-like conpositions.

the relative volatility of this binary pair,

above was used. The total absolute pressure in a PTx cell
was neasured at constant terrperature for various binary conpositions.
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in the cell using the NRTL
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psia (2082 Kl-’a) )50 Pone enpbodi Mt S of jazeot gg@ C Cor

[pOSTtREAS ar e

listed in

Tabl e 19. ~Tabt %01@ AZEU rOpl (I*g oprrpOSI rions GAZEOLT | I‘OFI c Tegpgrature (oc.)
Azeot r opi c-Pr co"?bl (z (psta)y——2= 74.000”14 \llubta/ﬁ/g by(,l OPETEAIE (rolle %9
-20.0 1.74-64-2 1062 97362”, 936 &5 86—63-7 3633'9¢u. 0—7. 59
63. 636, 4 20 0118 :
90 O 92.9 65.8 34.2

100.0 116 66.6 33.4

110.0 144 67.8 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 azeofrope-

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/cycliopentane | - 20 77 - 86/14 - 23
Z-FC-1336mzz/cyclopentane 0 76 - 87/13 - 24
Z-FC-1338mzz/cyclopentane 40 74 - 90/10 - 26
Z-FC-1336mzz/cyclopentane 80 72 -99/1-28
Z-FC-1338mzz/cyclopentane 120 70 - 99/1 - 30~
Z-FC-1336mzz/cyclopentane 150 68 - 99/1 - 32

10
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63.536.5 30.0 16.6 63.6 36.4 40.0 23.4 63.7 36.3 49.9732.1 63.9 36.1
50.032.1 63.9 36.1 60.0 43.1 64.2 35.8 70.0 56.7 64.6 35.4i 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

Table 21 Azeolrope-like compositions

COMPONENTS T Weight Percentage
(°C) Range

Z-FC-1336mzz/cyclopentane - 20 80 - 86/14 - 20
Z-FC-133Bmzz/cyclopentane 0 80 - 87/13 - 20
Z-FC-1336mzz/cyclopentane 40 80- 90/10 - 208
Z-FC-1336mzz/cyclopentane 80 80 - 95/5 - 20
Z-FC-1336mzz/cyclopentane 120 80 - 95/5 - 20
Z-FC-1336mzz/cyclopentane 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
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, cieaning 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 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 azeofropic 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-dichlorosthylene, 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-iike composition and thereafter evaporating said azeotropic

25



67.6 32.4 120.0 175 68.9 31.1 130.0 211 70A 29.6 140.0 254 72.3 27.7 150.0
302 74.4 25.6 Additionally azeotrope | i ke conpositions containing

Z- FC-1336nm= _and cycl o ent ane 0 be . .Such eotrope-1like
conposi t i on&’ BLERRE- %Bﬂwpé’? '8 fie V&B‘Hgbgfﬁl'ieo&?%‘fy @glh%c‘é?\!ﬁ‘édl nents of
azeotropeli I ; ' I ment s
of azeolto r opﬁ%@g%??n%%ﬁt??@g?rgﬁ gbﬁ?g%gigg{%gn%ﬁ%orgg%#g% esggfmﬂfd

Azeot r ope- | iok&- ‘cd)ﬁpbélét-hemsﬂmmme"ﬁ& and a)cdm@@mnt%dm ﬁrgm fRange

Z- FC- 1336 [cycl t - - 86/14 - FC- 3rrz/ entane 0 76
2 1a S S R S e famtene Pattang. 29DFYYRADES: 1,155

Z- FC 133§nzyeﬁmhewmﬁﬁ@, B&hs-1,2-dichloroethylene, 1,1,1,3,3-
| pentafluoropropane, dimethoxymethane 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-iike 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-
pentaflucropropane, dimethoxymethane and cyclopentane. ‘

Another embodiment of this invention provides a process for

15 producing an aerosol product. The process comprises using an azeotropic
or azeotrope-like compaosition 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 ftrans-1,2-dichloroethyiene, 1,11 ,3,3-pentéﬁuor0propane,
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-hexafiuoro-2-butene and a compohenf sé.iected from the
group consisting of methyl formate, pentane, 2-methylbutane, 1,1,1,3,3-
pentafluorobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane.

Another embodiment of this invention provides a process for

30 extinguishing or suppressing a fire. The process comprises using an
azeotropic or azeotrope-like composition as a fire extlngu;shtng or
suppression agent, wherein said azeotropic or azeotrope-like composmon
consists essentially of Z-1,1,1,4,4,4-hexaflucro-2-butene and a component
selected from the group consisting of methy! formate, pentane, 2-

26



72 - 99/1 -28i Z-FC-1336nezz/cycl opentane 120 70- 99/1 -30
Z- FC-1336nzz/ cycl opentane 150 68 - 99/1 - 32 10 Table 21 Azeotrope-like

e )
2OPe: 2a36m T1e TR L 1.4 npfReEep Bt o) 5298 0 hiaroetuiene o ane o
80 - 87/13 -1,20,%Z3ientaManpplapatkepdzntthosyr2titdhe 80d t0clop@fiane.

Z- FC- 1336nzz/ cycl opentane 80 80 - 95/5 - 20 Z-FC-1336nzz/cycl ppentane 120
80 - 95/5 - 20 zAnethenempefrtsrdne dnwentism ppvidase grocess usifgeanzeot r opi ¢

O azeot I 0pgbhk B RUMARIJoRRSIE o A% 8ldielectrics, wherein said | |

5 azeotropic or azeotrope-like composition consists essentially of Z-

1,1,1.4,4 4-hexafluoro-2-butene énd a component selected from the group
éonsi'sting of methyl formate, pentane, 2-m-ethylbu'tane, 1,1,1,3,3-
pentafluorobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentafiuoropropane, dimethoxymsthane and cyclopentane.

10
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i nvention can be prepared by any conveni ent nethod including mxing or 5
conbi ning the desired anounts. In one enbodi nent of this invention, an
azeotropi c or azeotrope-like conmposition can be prepared by weighing the
desi red conponent anounts and thereafter conbining themin an appropriate
container. The azeotropic or azeotrope-like conpositions of the present 10
i nvention can be used in a wide range of applications, including their use
as aerosol propellants, refrigerants, solvents, cleaning agents, bl ow ng
agents (foam expansion agents) for tKa/ABS astic and thernoset foans, heat
transfer nmedi a, gaseous dielectrics, fire extinguishing and suppression
agents, power cycle working fluids, polynerization nmedia, 15 particulate

renoval fluidg, &abmpesitibhdblsstiiybidargiampsasi ve agents, and di spl acenent
dryi ng agents. One enbodiment _of this invention provides a process

for preparing 42t fdhhdfhhdtNexaBroronePHissel 8fam  The process conpri ses
using aq azeol [pplfn N, AHEALFRELAK SuIABRORL LeRB. £5-dRtrbBuimRnRgENt
wherein said 20 azeotropl c or azeotrope-Ilike conmposition consists
essent i al Ipresgntan an effective ampynitofesrafanuazeotropicwosienation withc thepbnent
selected f roup consi sting of methyl formate, pentane,
2-nethy|bdﬂgﬁé%H%A%?aﬂﬁmP§?%y&gghtafIuorobutane, trans-1

, 2- di chl or oet Ryl &he azéotrdpic tompoditiop&fcRiirh UosaRiNipg R sedia@iditopiret hane and
cycl opent ane. 25Anot her enbodi ment. of this invention provides a process for

producing refri g@?‘%‘f‘iﬁgﬁ m?ﬁ&%P%@é@@@H%?-péﬁgie&?ﬁ%ﬁ%ﬁdv1a‘f’|’4a42eot ropic or
azeotr gpe- | i ke ooiRASHOLLBLRNG dREREATdRIL §Y.®prﬁbl%tdbé?89rﬁ% %Beéﬁﬁ.?%lé or
azeotrope-li ke conposition in the vicinity of the body to be cool ed,

wher ei n sai d azepgreepiteanse1,2zéctioropthyidnee whintploas boiing pointiesperakiseot i al |y

f z-1,1,1,4,4, 4 f 2D m th
group consistinéh%ﬁéﬁgpﬁg*fﬁéip Cgﬁﬁggﬁgﬁﬁéﬁaggﬁgggﬁf%ﬁ%§%®3dﬁék?%13,2-
Spent af | uor obut are kFa) anabdyt2-7di wdth ot Pt kBd)ene, 1,1,1, 3, 3-

fl , i h h I : Anot h
Erbodi ment ot 3 nACTREHAT G BRI B8R Geas Us| ng an azeot 1opi ¢ or

azeotr ppe- | i ke (gpAPOSh 14 £8-1kafusRLy BliencBgei n said azeotropic or
azeotrope-|ike ‘conposition consists essenfially of Z- 10

1,1, 1, 4, 4, 4- heXbi frais-b-22diptipeethvee;. ihereinbadinsskl-giahieropiwianene group
consistin I . t s | . .
pentafluoggg%?gﬁé2X§$%§§@%%§pﬁﬁc ﬁ%ﬂﬁgp%v%éﬁé?&TPg?@&@ygﬁbﬁw%ﬂﬁhQZ-

pent af | uorigpriohdehexdifioptdapbytetchane and cycl opent ane. Anot her enbodi nent

of this invention, provides rocess .for_.15 produci.ng an geros roduct.
The. process cdmpiiBegeuEsRry e caPEB HEP PELBI S00 PURA TR AR | on s
a propghlant, whet g oo @éig#»t par@ht 201, ¢ 104 4 AZRAINA8R-2 bR rROAMPBAhI 2o

consists essentially of Z-1,1,1, 4,4, 4- hexafl uoro-2-butene and a conponent

sel ected from t hibwgiahtpewsntirges-i?-dichiesestyyiene sheracteriesst byicat a
i' rln‘v‘tlhg' g”t ane, %%%oer&u%l&#&ﬂt-% lv{:“%&‘%%ﬂto%”%aidzc%% ?‘t?an’ @5\}3@9' oroethyl ene,
, 1,1, 3, 3-pent af "udropropane; di ret hoxymethane and Cycl openttane.

Anot her enbodi medifferehcé i Sew PorttioressLPE QWY BabbR UINGTESsUIgioitesanhaz 8ot r opi ¢
or azeotrope-like conposition as a heat transfer nedia, wherein said

azeotropic or az¥btdl bhe PRrqest BERpHEPPN 81 e RPNt RERSSHEG-al | y 25 of

Z-1,1,354, 4, 4che ? 'Féﬂd? group
consis%?ng ofshetq§FH§%$E§ e, d@ﬁfﬁﬁ%ﬁﬁggﬁet gf EF§§§$Q§%?f%%§?§?QF

pent af | uor obut andsing pa@geatPopit oh raeeicansylikenecompgsition as 8-blowing agent,

pent af | uor opr op I Yoet. 0 . L her i ment
of this inventi§&ﬁ%FgU%§%§9§“ﬁ§%§@gézégﬂng%ﬁgagﬁﬁ%%ﬂiﬁlﬁgg%gggﬁ%gﬁgg%ing a
fire. The pr ocesﬁf&@rnm,i@%hu_séaﬂﬁg)raw—bmeoé laaﬂitmnem,amﬁbﬁdiroaﬁryldn!ee -
conposition as, a fire extinguishing or suppressjon agent, wherein sai
226001 0pi C or CarABIIESS 19T REGLSREESHERENOBSATIRSIaETERNA0RY of
Z-1,1,394, 4, 4- hexaldd fc%r%z@ﬁfr@ﬁ&liﬂ@@oﬁng@@iﬁ@ﬁ%Htthér%ﬁ(éF 8fhgorMAd $18g 9r oup
consisting of nethyl tormate, pentane, 2- nethyl butane,

1, 1, 1, 3, 3- pent af #4eotiepetarzeotrpperdike ,cgrrmxoaiﬁpbﬂ@émg@iéﬁbpf the body to be

1,1,1, 3, 3-pent af | uor opr opane, di nmet hoxynet hane and cycl opent ane. Anot her
enbodi nent of this invention provides a process using an azeotropic or
azeotrope-li ke conposition as dielectrigs, wherein said 5 azeotropic or
azeotrope-li ke conposition consists essentially of
Z1,1,1,4,4, 4-hexafl uoro-2-butene and a conponent selected fromthe group
consisting of nethyl formate, pentane, 2-nethylbutane, 1,1,1, 3, 3-

pent af | uor obut ane, trans-1, 2-dichl oroet hyl ene, 111, 1, 3, 3-

pent af | uor opr opane, di met hoxynet hane and cycl opentane. 10 CLAIM5S 1. A
conposition consisting essentially of: (a)



5(b) trans-1, 2-dichl oroet hyl ene; wherein the trans-1, 2-di chl oroethylene is
present in an effective anount to form an azeotropic conbination with the
Z1,1,1,4,4, 4-hexafl uoro-2-butene. 2. The azeotropic conposition of claiml
consisting essentially of fromabout 62.4 nole percent to about 71.0 nole
percent Z-1,1,1,4,4,4- 10hexafl uoro-2-butene and from about 37.6 nole
percent to about 29.0 nole percent trans-1, 2-dichl oroet hyl ene, which has
boiling point tenperature of fromabout -20 C to about 120 C at a pressure
of from about 1.daoRsi, whetdinkBR)adcotrabinudr dzE0trppe-tiké tamPokiPa) coBsist
conposition consisting essentially of: 15(a

Z-1,1,1, 4, 4, 4- hé%@é?ﬂiﬂ%%lf%:b&t%’é;“'a%af&mgo)z"f(%?“e and trans-1,2-
trans-1, 2-di chl ofiQeblekifisie Wherein the trans-1,2-dichloroethyl ene is
present in an effective ‘anount to form an azeotrope-like conbination with
the 71,1, 1, 4, 4, 4A heocash gompriginguisfgean azedtipiageazqadisdet iRecormasdnt i on of

claim 3_consi stin tial . f 8.t f: :

2015 4 4 4 neeq POBpR: wPsae SR b e o b I o RBLEESh,

trans- 1, 2- di chl ayopetshy bsgeatialbhafr 2d{ €1 jdzed-Hexafladro@2-betepeaatdransef,2f r om - 40
Cto 160 C, said conposition having a difference in dew point pressure and
bubbl e poi nt pr slihipoediy$¥ss than or equal to 5 percent based upon the
bubbl e poi nt Br e Rss 25%roduding aAEeré pRsRRAEOMPriding ey astic or

t her noset foam conprising using an azeotrqglc or azeotrope-|like conposition
as a bl owi ng ageareotrahisrasiazectipee-tire 60MBPHIEO0 BS AZBEPRIRNE- WhREINcHHPosi t i on
consi s essenti gl | - 4. . . D )
trans-%?Z-dichI6%%§%ﬁgkéﬁé&eéy&%9%€%éggﬁéggéHg?@ﬂ%ggﬁégﬁg??ﬁgg}ation
conpri si ng conden$jing 4arhSCAnent-2-dpieneoandizans-i dpdichlokeetbgepasi ti on and
thereafter ev§p2%atin said.azeotr%fic or azeotroge-likg.co osi%ion in the
vicinity of tHe BEIRLEE BEPIEGY A %@Fﬁ?tﬁ)@%f}ﬁa SRlAPES e CagpPosition
azeotrope-|ike capeshiirAbi&OnsHSt WhessSe ’bidaddebtrepic or azeotrope-like
Z-1,1,1,4, 4, 4- hexaf | uor o- 2- butene and trans-1, 2- dichl groethylene. 7. A

1 d
process conpri si¢nResiinn cansisteessansioly f ZdzbdtddfdiexeldoronpytaneiaN sas a

sol ven wher ei | draz i azeotrope-li ke conposition consists
essent?%lly of 9?@?%?%?ﬁaﬁ§ﬁgﬁg&% ‘uor o- 2- butene and trans-1, 2-
di chl or oet hyl d6eA pBoceas fonedinguisbngprrcalperasgirgna fier asoprisging disdtg aonpri si ng
usi ng an azeotropic or. azeotrope-I|.ike conpasition.as r. |l ant, wherein
sai d 10azeot r opi gzqﬁrog%tngﬁﬁgp?wke 88?&5’55%%97‘8& ac%rﬁsqxgp@wglgaggﬁ? ially of z-
1, 1,1, 4, 4, 4- hexadlpipessic Byéranehansh baidngebirdpidior BleswsidlikeoempSsitidh
process conprising using an azeotropic or azeogtrope-like conmposition as a
heat transfer neeinsistorssasttialyal 4 larddtddpiexabronBHiensand K brposi ti on
consis%§ essenti&b“&nﬂ%hééﬁel,1,4,4,4-hexaf|uoro-2-butene and 15trans-1

0 10. ’

,2-dic roet hyl ene. process for extinguishing or suppressing a fire
conpri si ng usiirgA anocEssabnyistigossiag eo tazepke pit ke azertpars-ikeotoragositidn r e

extingui shing or_s ressi on agent,, wherein said azeot. i .

azeot rope- | i ke c%?rﬁ%gqcﬁﬁ'%nwggﬁ i §pl Fa80lRpiCA rI‘V%ﬁog&h&g%ﬁ'pggmon

Z-1,1,1, 4, 4, 4- hex@{disto eesahtiayy 6nNe-1and 4.4 ansexbildoro2Ddutdnecirabirdngd-¢ze. 11, A
process conprising using an azeotropic or azeotrope-like conmposition as

di el ectrics, mhe@éﬁﬁ“%ﬁﬁﬂe@%eotropic or azeotrope-|ike conposition consists
essenthal ly of Z-1,1,1, 4,4, 4- hexafl uoro-2-butene and trans-1, 2-

di chl oroet hyl ene. 25

29



