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Thi s disclosure al so provides a conposition consisting essentially of (a)
Z- FC-1336nzz and (b) cycl opentane (c-05Fl 10); wherein the cycl opentane is
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conveni ence and to give a general sense of the scope of the invention. This
description should be read to include one or at |east one and the singular
al so includes the plural unless it is obvious that it is meant ot herw se.




25Unl ess ot herw se defined, all technical and scientific terns used herein
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essenti al | y YFOPENaneHs PIesenD an-gfiegtiveRinAynt iopfors: a0 az@RiFaliaOf he net hyl
format e10s RizesHPpelliRe MixQIrESFRH Y- QABMRMIL form an azeotropic or
azeotrope-like mXxture wth Z-FC 1336nez. In some enbodi ments of
this invention, the conposition consists essentially of (a) Z-FC 1. 336nzz
and (b) pentane; wherein the pentane is 15 present in an effective anount
to forman azeotropic or azeotrope-like mxture with Z-FC 1336nez.
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of (a) Z-FC-1336nzz and (b) isopentane; wherein the Isopentane is present
in an effective anount to forman azeotropic or 20 azeotrope-like m xture
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i nvention, tth¥dRpaaia aba tempsraiiee ekabewti30.MYCof (a) Zz- FC- 1336nzz and (b)
trans-1, 2-di chl oroet hyl ene; wherein the trans-1, 2-di chl oroethylene is
present in an effective anount to forman azeotropic or azeotrope-Ilike

m xture wit G ECFIG3aNEz raphieat repiesdhtativhsofdn bhéstrop/and i on, the
conposi &bon co%gi st;. 30 e'ssen&i al Ig of (a) Z-FC-1336nzz and (b) HFC- 245f a;
wher ei n“Phe HEPIAREAKE COMRRRINENS Gongisiing essentially il Cr H336mad and
azeotrope-|i 1 i z ABRE ) In some enbodi ments of
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and (b) di net hoxynet hane; wherein the dinethoxynethane is present in an

effective amunt, tq.faqar.man azeotropelike mxture with Z-FC 1336nzz.
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present in an effective anount to formanh azeotropic or azeotrope-like

m xt ur e2{i t HsgperGnaabaemperature By akbiet® BVE . anount i s meant an anount,

whi ch, when conbined with Z-FC 1336nzz, results in the formation of an
azeotropic or azeotrope- like mxture. This definition includes the anounts

of each conpriGeat.,Fity) aii£ §rafMeHltrSpRERenYRI0A Qﬁi’féljﬂdlfé-% the pressure
applied to the conposition so long as the azeotropic or azeotrope-like

conposi t i onSORRASHIANG eensdsding essentiady @f ZHECehl3gmes aoddi- C1365mic tah

possi ble dif Ll izpt;so~Therefore, effective anount includes the
anount s, suc%ﬁa %@R%éjfe%%p?&gs@é% (l:'n wei ght or nol e percentages, of each
conpone0 of 15 the conpositions of the instant invention which form
azeotropic azeqtrope-li ke conpositions at tenperatures or pressures

ot her than %%és’%ﬁ «%d‘sr?bgéﬁﬁh'c | represgatatianoghan ageptiopsendrt, an
azeotropic hki i r=Yalap iS4 > eGH mponent s
ahi ch, when el bal RE PO LoHSIR crSnfi ARG PRyBR oBE

subst ant i al Itiernseh2tdiohloresthyicataatss tenhpetattrenpleatsutrs®. 8¢, be hi gher or

| ower than the boiling tenperatures of the individual conponents, and which
w Il provide a vapor conposition essentially identical to the overall

| i qui d conposition undergoing boiling. -glsee, e.g., M F. Doherty and MF.
Mal one, Conceptual Design of 25D stillatii on Systens, McGawHill (New
York), 2001, 185-186, 351-359). Accordingly, the essential features of an
azeotropic conposition are that at a given pressure, the boiling point of
the liquid conposition is fixed and that the conposition of the vapor above
the boiling conmposition is 30essentially that of the overall boiling liquid
conposition (i.e., no



fractionation of the conponents of the liquid conposition takes place). It
is also recognized in the art that both the boiling point and the wei ght
per cent ages FIG. €achiG @isangriphital rbpreazetaticpofatsyRgeiiion may change

when the azeotropi.¢c conposition is %ﬁbj ected ta boiling at . different 35

pressures. TIARPOSYPRS ERTSNTesHPEdVIafdnt fal3MamaeanddtF Cr2458 pbaof the
uni que rel at.ﬂ{ﬂ)%'f‘é. i o ng the conponents or in terns of the
conposi ti one;[ ang@gé gfé?ﬁeeﬂg%gp?ggnts or in ternms of exact weight

per cent ages of each conponent of the conmposition characterized by a fixed
boi | i ng poi g:t a:z a_specjified pressure. For the purpose of this invention,
an azeot Popd-i5 e‘_@@%%o’f?ial gErhicaHsape sentafiaioel 27emtrapgalikepehaves i ke an

azeotropic %W Y= t ant - POk 4 4 acteristics or a

t endency not t rlﬁaéc’ﬁ]%élist'%m@pgﬁéenrgﬁﬂ?n(grgofégl\l/%%%ﬁﬁ‘fFgﬁ). Hence, during
boi ling or elimethatynmethabbet edpmparatireiofwbdut GMOSCtions, if they change
at all, change only to a mnimal or negligible extent. This is to be
contrasted with non-azeotrope-Ilike 10conpositions in which during boiling
or evaporati t r i LU it} a substanti al
degr ee. mGAo?dji‘feiiGc/i?;ﬁ%/?F%zﬂé%%?ggre-‘ I %ﬁ:@%@i#l@gﬁgﬁ%%gbit dew poi nt
pr essur d0andizeobiope-iikei compositicns eomsisting iestealidlly of&Z-pe3$336azdiahlier enti al .
That is to say,that the difference i he dew point pressure and bubbl e

poi nt 15pr es“é’épé’egﬁarbe gt 9&MPE B%Pﬁ?éowgc?w@e a small value. In this
‘invention, conpositions with a difference in dew point pressure and bubble
point pressure of less than or equal to 5 percent (based upon the bubble
poi nt pressure) is considered to be azeotrope-like. It.is recognized in
this field that vvhenb II ' el ATl g
the systemis defined st ¥ IARN VAL VA" -1a
conposi §son. Relative volatility is the ratio of- the volatility of
component 1 to the volatility of conmponent 2. The ratio of the nole
fraction of a corpdnany apalicatisms, the usatofarpuregingleicompumentbatnl ity of the

t T ] | atd lati,lit f t ds, 25
ot hod knowe D BRE BratelidEe UL Botiesiab e & Yt rbendhe toral
absol ute prasowirgy agert cehpogifiork (5146 kVa@Wﬂ@s ?cﬁarﬁ%@c’éblﬁ@iggaatge&i%fﬁiaf\ﬂt

tenperature for various conpositions of the two conpounds. the PTx
- Method is deBPANEED $omBpesilpns) is nabiFaRErerRinglel enrmpenent dPrascazaotogst gn”

W | ey- | Bher sgi bl , | Lk r.ol . Nul |, on 30 pages
124 to ?96; Scﬁ'eafz'eég);f)r 05%5!58 B@%?%%%%ccr}ﬁ@eoﬁs g@e%@?ﬁg%éﬁw e'h"ents can be
converted i reppliegtion irbtHsfvavafsrming process. dSaeBRahde GSompotiienPTx cel | by
usi ng an activi cpeffqiaﬁi erflg equati on nodel, such as the n- Random

Two- Li qui d ( %egﬁﬁ%&' W affechPrasessifianer ¢auRe ReyRerormancedathe es. Use

of an activi 2 i gt At S, L N } i § described
"n dotai | 1 ronpfifon AElin StiBbiabn SlEtbRBk 8 BRI PIBR R Ua  chea
by MG aw Hduringneperadion biirdRgihdeaks sushatt zealy] hBek icognectivizageric?dd to 387,
and in 'Phase, 5Equi,libria.in enj cal i neering," published by

But t er vdbt b 19U O braker Bads. Tiaditan. 1he seligeeytimaiipasieasaddd thes ¢ o
244. Both af FRIED i eNehe i ; ence.
Wt hout w sh&?ng tgxbll‘)cgﬂgga%gﬁﬁg} any t e@? 5%@%&%@%@%@5%@@&%?{ eved

t hat the NRthedgiiigerant istraget puane single ¢drep&ifeniceldn aegatropianrsuf ficiently

dict th Orel ati | atil.ti f..th -
DR01T, 4, 2 SraeTieRer it SomBpRiohe Fieo RO THoR COBWEBYRN BAY CHANERMhsesent
i nvention angaked of BRICPRATER] &Y 8 Sfmddphdrehdmh Hie Féfri%@r%i@n@egﬁ%smi n

mul ti-stage separation equi pment such as distillation colum
It was BBundTheFaaRge éxRiFigamnt sompasitorroay3ssisezhamefrigerantitol5 f or mat e

form azeot r gpi pe-Li C OSitions. To deferm.ne, the
relative vo%%rﬁ%@géﬁ%%&&éﬂiﬁaﬁf ‘g@rr%frﬁ%a PREPHBEANGR LT BERMbove was
used. The t ahete &bselestidopusingHzectbpic BT 1z6Srbpfikk AMIIrAPInIRBsBaS

measured at copstant tf]e_ erature for various binary conpositions. These
measur enent SREPEISY RPRIEaURRS: dOF 8XamPieyazesimnic o eapeiropertike imjxiudes

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

formati on of an azeotropic and azeotrope-|i ke 25 conposition consisting
‘essentially of Z-FC-1336nzz and nethyl formate as indicated by a m xture of
about 20.4 nole % Z-1,1,1, 4, 4, 4- hexaf | uoro2-butene and 79.6 nole A nethyl
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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(c) Azeotropic Pressure (psia) Z-FC 1336nzz (nmole 9% Met hyl f or mat e (mol e
% -20.0 1.38 25.4 74.6 - 10.0 2.40 25.2 '74.8 0.0 3.97 24.8 75.2 10.0 6. 30
24.3 75.7 26antaingg 23, 171.464,4-sexadluvio 2-batehen(Z-AF JOH8 CMHC B3, Z2FC-77. 9 50. 0

1336mzz).

Before addressing details of embodiments described below, some
5 terms are defined or clarified, .
FC-1336mzz may exist as one of two configurational isomers, £ or
Z. FC-1336mzz as used herein refers to the isomers, Z-FC-1336mzz or
E-FC-1336mzz, 'as well as any combinétions or mixtures of such isomers.
As used herein, the terms “comprises,” “comprising,” “includes,”
10 ‘“including,” “has,” "having” or any other variation thereof, are intended to
' céver a non-exclusive inclusion. For example, a-prdcess, method, article,
or apparatus that comprises a list of elements is not necessarily limited to
only those elements but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus. Further, unless
15 - expressly stated to the contrary, “or” refers to an inclusive or and not to an
exclusive or. For example, a condition A or B is satisfied by any one of the
following: A is true (or present) and B is false (or not present), A is false

(or not present) and B is frue (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 fo
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 déscribed 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,



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 Additionally, azeotrope-like

i ti onswilboortiali iyaddition 1 Bomaterang, methnds, GOHEEnHBY apd SO be forned.
Such azeotro C"Tgrrpos' ti éns exi st around azeotropi cﬂgorrpo& tions. Sone

embod; ront s BEsksté ¢ panAeetdBiepeeripdslinaitiogl i sted in Tabl e 2. Aditional
Tobre 3 Aceotapect o SonEa SHAM AT b8 A B
Range Z- FC- 1B3smeen Mischgded, domentamplé0irl UMD/ Hai@dt Application No.

5  60/926293 [FL1346 US PRV] filed Aprilf26/2007, hereby incorporated by

| reference in its entirety.

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

In some embodiments of this invention, the composition consists

10 essentially of (a) Z-FC-1336mzz and (b) methyl forméte; wherein the
methyl formate is present in an effective amount to form an azeotropic or
azeotrope-like mixture with Z-FC-1336mzz.

In some embodiments of this invention, the composition consists
essentially of (a) Z-FC-1336mzz and (b) pentane; wherein the pentane is

15 presentin 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 HF'C~

365mfc is present in an effective amount to form an azeotrope-like mixture
with Z-FC-1336mzz. | o

25 In some embodiments of this invention, the composition consists
essentially of (a) Z-FC-1336mzz and (b) trans-1 ,2-dichloroethylene:;
wherein the trans-{,2-dichioroethylene is 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

30  essentially of (a) Z-FC-1336mzz and (b) HFC-245fa; wherein the HFC-
245fa is present in an effective amount to form an azeofrope-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



Z- FC-1336nezz/ Met hyl formate O 1-99/1-99 Z-FC 1336nez/ Methyl formate 20
1-99/1-99 Z- FC-1336nez/ Methyl formate 40 1-99/1-99 Z- FC- 1336nmez/ Met hyl
formate 80 Higethoxymethae: s33esent Marhefetiveratroun? @ oo a88otrsfabl e 3

Azeot r ope- | i : Si.Li ONENTS T (t) Weight Percentage Range

Z- FC- 1336m£'§§/€'§’%€ﬁ fmm{@%@%@go/ 10-90 Z- FG- 1336nzz/ Methyl formate O
10- 90/ 10- 90 Z- FC1A R3R Mot itnth OF M Sndlhiidh R4 L8 MR eAidrGotiagar 2/ Met hyl
formate 40 10-90/10-90 Z-FC-1336nuJMet hyl fornate gg%%(% 5@/ 103-%3%

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-1336mzz,

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

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

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

As recognized in the art, an azeotropic composition is an admixture
of 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, 185-188, 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 subjected to boiling at different

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

the unique relationship that exists among the components or in terms of



Z- FC-1336nezz/ Met hyl formate 120 10-90/10-90 It was found through
experinents that Z-FC- 1336nzz and 10 pentane form azeotropic or

azeot r ope- | itkg c@ﬂ@_}%iiéﬁé}%ng@oﬂﬁbﬁoﬁxg@néﬁ@ dréh ¥ryeo &ke?étimlrefibg%‘)f this

bi nary pair, the met hod descri bed above was used. The tota sol ute
pressur e i n Reregrtagess|of sack eompaonsing ot tha sompesitionezhanactedned fyta

tenperature far,various.bipary c gsitions. These neasurenents were then
reduced to eff |It?%11"i1%91°{?§58? sﬁﬁaﬁgﬁﬁ?ﬁsﬁfﬂmositions in the cell using the

NRTL equation. Theov@RQsurBb&s sEiHes ReRtibAdaM eizebtobbake apRsddifigns in the 5
PTx cell for Z-FC-1336nezz/pentane m xture is shown in FHG 2 \_I\:hl ch
i |1 ustrabes eaphiaceampositien that behaves dikean azeritoppicompogitmndber,ope- | i ke

it [ St ially.of Z-1 1, 4,4, 4-hexafl uor.o- 2- but ene and
pentane at 1oocetetaBPpRRRE Ebadtisfisin B fausoy sl SRR SR aRRn o
Z-1,1, 1, 4, 4, doilvex af buaperatioR)t Bagca ikt BoliherS PBE&%,WV@BOE he 10
hi ghest pressure over the range of conpositions at this tenperature.

r ange er
Based upon t¥Hukiquwidramppsitions, fdepebangalat @llackanasanlyZzoronirggeter and

t f L C..C AN i ] 48..2 nol e percent
o about 58 PRI ATBOR b oA B8 Y AL AR Blre BBk E "ol £ per cent
t o about1041.bmpbsitipes dewhichedUriigebdiid O dvaipt BER0 tHOPASoICATPRGHI Ons

boiling at a tenperature of from about, -20C to about 120 C and at a
pressure of $YBRPEEEUS chapge iy a substaptial degregout. 182 psia (1255 kPa)). .
Sonme enbodi nent s ' 4 : LS N 20 25 30
Tabl e 4 Azeot ropigag@éﬁgy'%? %%grsgzg]g§§ r(%dpgﬁ @éﬁlgérgselregﬁ'hﬁgjéw g&?ég‘?ﬁfg&ﬁ%c
Pressure (psarm) bdbble-sifpessurtenmitie viduatgniapeessurs diffdrentd). That #tod8. 2

51.8 - 10.0 3.70 48.9 51.1 . -
say t?nat the diff%erence in the 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 fo 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 fo that in liquid is the volatility of the component.

To determine the relative volatility of any two compounds, a
25 method known as the PTx method can be used. in this procedure, the 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 Pubiisher, 1870, 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 aclivity coefficient
equation model, such as the Non-Random, Two-Liquid (NRTL) equation,

8



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 47.1 70.0 62.4
53.6 46.4 sdogepresenbligud phage nonidealities. Use of an activity coefficient

equation, such as the NRTL equation is described in detail in "The
Properties of Gases and Liguids," 4th edition, published by McGraw Hill,
written by Reid, Prausnitz and Poling, on pages 241 to 387, and in "Phase
5  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 reférence. 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~hexaﬂﬂoro-z-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-1336mzz 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-liike

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 methy! 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 moie 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

g



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 - Additionally, azeotrope-like conpositions containing Z-FC 1336nzz 5
and pentane (@ kilayp Smné embodithentsiohazzsodpiopentpdetiommedistddins exi st
around azeot{_o&i c, conpositions. Sone enbodi nents of azeotrope-Ilike

conposi ti ons' 38 Tisted in Table 5. Additional enbodinents of azeot ropel i ke
conpositions are listed in Table 6. 10 15 Table 5 Azeotrope-|ike
conpositions COWONENTS T (C) Wei ght Percentage Range Z-FC-1336nzz/ Pent ane
-40 60- 75/ 25-40 Z- FC 1336ny Z/adan i dmedirdiic 86/mp0s#idng- FC- 1336nezz/ Pent ane 20

60- 82/ 28- 40 Azeotropic Azeotropic - Z-FC-1336mzz Methyl formate
Tem%eg)ature Pressure (psia) (mole %) | (mole %)
-20.0 1.38 25.4 748
-10.0 2.40 252 T 74.8
0.0 3.97 248 75.2
10.0 6.30 24.3 75.7
30.0 9.64 537 76.3
30.0 14.3 22.9 77.1
40.0 20.5 221 77.9
50.0 28.7 21.2 788 .
60.0 39.2 202 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 - 15.6 84.4
5

Additionally, azeotrope-like compossitions containing Z-FC-1336mzz and
methyl formate may also be formed. Such azeotrope-fike 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

10



Z- FC- 1336nezz/ Pent ane 40 60-85/15-40 Z-FC- 1336nzz/ Pentane 80 55-90/10-45
Z- FC-1336nzz/ Pent ane 120 45-99/1-55 b5Table 6 Azeotrope-li ke conpositions
COMPONENTS T (C) Weight Percentage Range Z-FC- 1336nzz/ Pent ane -40
62-70/30-38 Z-F C- 1336 nez/ Pentane 0 64-74/26-36 Z-FC 1336nez/ Pentane 20
64- 76124- 36 Z- FC- 1336 nzz/ Pentane 40 64-78/22-36 Z-FC- 1336nzz/ Pentane 80

62-84/16- 38 Z- FC-1336nez/ P?QBI%@A%@QU@B:?—SI’@ajdo%ositions, It was found
t hrough experinents_that ZFCT336NrZ an

sopentane 1 orm azeot ropi c or

azeotrope-like |conpositions. To deternmine|the rdlative volatility of this
bi nary pair, the PTx nethod described above 10 was used. The total absolute
pressure in a  FGOMAONENT® oW vol une was TEUr pebight PoRehdle tenperature
for various binary conpositions. These megsuremgnts were then Teduced to
equi l i brium vapor and |iquid conpositions|in thd cell Bangg the NRTL
equati on.
Z-FC-1336mzz/Methyl formate 40 1-99/1-99
Z-FC-1336mzz/Methyl formate - 0 1-89/1-89
Z-FC-1338mzz/Methyl formate 20 1-99/1-89
Z-FC-1336mzz/Methy! formate 0 1-99/1-99
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/Methy! formate 40 T550/16:60
Z-FC-1336mzz/Methyl formate 0 10-90/10-90
7FC-1336mzziMiethyl formate 20 10-60/10-90
[Z-FC-1336mzz/Miathyl formate 40 10-90/10-90
ZFC-1336mzz/Methyl formate 80 | 10-90/1060
Z-FC-1336mzz/viethyl formate 120 | 10-60/10-90

It was found through experiments that Z-FC-1 336mzz and

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

11



The vapor pressure neasured versus the conpositions in the 15 PTx cell for
Z- FC-1336nzz/ isopentane mxture is showmn in FIG 3, which illustrates

graphi cal | y tiemstoedrat camstait tampezatre dpevarslisinaty @rmpbsikens CPmaResi ti ons
of z-1,1,1,4,4, 4- hexaf! uor o- 2- but ene and i s¢ ,Ee_nt ane at 19,9 OCT as
i ndi cated by MEARUGTNRRISHEZIHED raduestbp equyiprisnvapos apdiquid

nexaf | uor o- 2eB6RioARth Bk iBlifg thé ARFDLANSGAVI ng t he hi ghest pressur e

over the range of conpositions at s tenperaturee. 5Based upon these
findings, it has beerhealapor pressurbdateadsed VE3QGNhe condpositpesimie form

t [ ositio Lng _from about 37.1 nol e percent to about 48.6
mol e per cbnt PAX eGR4 AMATRARRTEBRB ALY iHBhevpel Elai2uohou 1.
I nt il t ' i ' ihing at a
erper at ure. o opeoegaPoicall &l o S A SRR 2 BB gPBUIETE O Trom
about 2.7 psFeampesitioRrponsisting @ssend@tiypof 2-1, 1,374 1dPhd)afluBons2-botepdi nent s of

Sommosi 11 oncaTRSRBt B T8 o P TarsHie DS adinumiat abput BrLmalR fo
Z- FC- 1336rrzzz(1m!1@4,%4%&9@:&%@@%0@?&?6& 50:0 %{t)@%ﬂ%nt%e%%@tﬁelo' 0 4.47

38.3 61.170 0.0 7.0139.4760.6 10.0 10.6 40.4 59,

highest pressure over the range of compositions at this temperature.

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

12



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

Table '4 Azeotropic compositions

Azeotropic Azeotropic Z-FC-1336mzz | Pentane
Temp:%)ature Pressure (psia) . (mpie %) (mol_e %)
-(20.0 2.20 1 48.2 T 518
-10.0 3.70 489 511
0.0 5.91 . 49.5 50.5
100 9.07 . 50.1 49.9
20.0 13.4 50.7 493
30.0 19.2 512 488
40.0 26.7 51.8 48.2
50.0 T 36.2 52.3 477
60.0 48.0 52.9 T 471
70.0 62.4 53.6 46.4
80.0 79.6 543 45.7
90.0 100 55.1 44.9
100.0 124 56.0 44.0
110.0 151 572 42.8
1200. 182 58.7 413

Additionally, azeotrope-like compositions containing Z-FC-1336mzz
5  and pentane may also be formed. Such azeotrope-like compositions exist
- around azeotropic compositions. Some embodiments of azeotrope-like
compositions are fisted in Table 5. Additional embodiments of azeofrope-
like compaositions are listed in Table 8.

10

15

13



165 47.7 52.3 120.0 199 48.6 51.4 15Additionally, azeotrope-Ilike

conposi tions containing Z-FC 1336nzz and isopentane may al so be formed.
Such azeotrope-|ike conpositions exist around azeotropic conmpositions.
Some enbodi nents of azeotrope- |ike conpositions are |isted in Table 8.

Addi tional enbodinents of azeotrope-like conpositions are listed in Table
9. 5Tabl e 8 Azeotrope- |Ik€7%BEP= I, ) .‘_T (C Weight Percentage

Range Z- FC- 1336nzel sopent are 0 F fonez/ | sopentane 0
45-70/ 30-55 Z-FG 1336nzz/ | sopent ane 20 45- 75/:5 55 Z-FC- 13361z €] sopent ane

2Fc 1336m2) 1 S0pGAMRONBY 8. oo/ 100 | 1C) | Weight Percentage
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 Ageotrope»!ike compaositions
Weight Percentage
COMPONENTS T(°C) Range
Z-FC-1336mzz/Pentane -40 62-70/30-38
Z-FC-1336mzz/Pentane 0 64-74/26-36
Z-FC-1336mzz/Pentane 20 64-76/24-36
Z-FC-1336mzz/Pentane 40 64-78/22-36
Z-FC-1336mzz/Pentane 80 62-84/16-38
Z-FC-1336mzz/Pentane 120 57-89/1-43

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

ilustrates graphically the formation of an azeotrope and azeotrope-like

14



Tabl e 9 Azeotrope-like conpositions COPONENTS T (C) Wei ght Percentage
Range Z- FC-1336nez/| sopentane -40 49-58/42-51 Z-FC-1336nzz/| sopentane 0O

53- 65/ 35- 47 con@sltRBtnuizZ41, 5,0 pod Hatnexa?ichd- 268 @Aedh ZisbFeAtdRe g 2/ gopent ane
40 53-71/ 29-%7 Z-FC-1336nrz/ | sopentane 80 52-77123-48 .
Z- FC- 1336nzz @8;5%‘%{33@ @ mistuse of abgut 409 moledls F-duntlidthéough

experiments —F -bl@ér@ér% - 3P5 eot -l i ke
conposi ti ons@%ﬂuégfgr m ne ﬁ%%r@éq gﬁ%eg\?%qp;%r{t%%ggﬁatth?g?%eﬁgry pair, the
PTx net hod dessstirbedenbivy exnvmesoficedpositiens at #his aspbrsterepr essure in a PTx
cell of known vol umanas measur ed constant tenperature for various

S

t. |
bi nary c8npositi ons.Ba$REEPAR mdings.ibpas been qalewlated that 2@ i bri um
vapor and | i1aaiEeh S0 Sickt ' S 0g : Lon. The
vapor pr essJ?gBﬁjeasur e?@ggﬁg f?ﬁ%%&%@&#?gﬁg#ﬁﬁpg@@'E&)lg'%tgél | for
Z- FC- 1336nz AbodES7 Jomle paicent ieeabsutsthémole péiGentZ-REM1GB6ZZUgId at es

graphically ;the for Il.on of azeotyope-I|ike conpositions of

9 IPY T, % fio abBuTBe el e bt i Suts Taanele parosdl soRentasei ndi cat ed by
a mxtures Qfyhaipok i Aai ; 5 - ene and
about 1 to Sghrml eFr&)]al-%l%t%%%%ﬁpﬁ%égﬁ%Jogﬁ%}g;diéﬁnaeﬁs%{a@?g%tf&%e-I I ke
conposi flPongbetit-20 8¢ dd aboutraB0 8CEMd attaliprésswurk of filood abent 27 ¢fsia (19

-l . . ' Ln_Tabl . Table 10 Azeot -lik
e T T on KRS EREN QBRI 72 kB, SBmE EmBodiments or Szaatrapie ' P! K@
compositions are listed in Table 7. ‘ )

- Table 7 Azeotropic cormpositions

Azeotropic Azeotropic Z-FC-1336mzz | Isopentane
Teme%')ature { Pressure {psia) (mole %) (mole %)
' ~(20._G 2.72 37.1 §2.9
-10.0 4.47 38.3 ' 61.7
0.0 7.01 . 39.4 60.6
10.0 10.6 40.4 59.6
20.0 154 413 568
30.0 21.9 42.0 58.0
40.0 30.1 . 42.8 57.2
50.0 40.5 435 56.5
60.0 53.4 442 55.8
70.0 69.0 44.8 55.2
80.0 87.6 - 455 54.5
90.0 110 462 53.8
1000 135 46.9 531 \
T10.0 165 477 523 |
1200 199 486 514
15 Additionally, azeotrope-like compositions containing Z-FC-1336mzz

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

15



Wei ght Percent age Range Z- FC-1336nzz/ HFC-365nfc -40 1-9911-99

Z- FC- 1336nez/ HFC- 365nfc 0 1-99/1-99 Z- FC 1336nezz/ HFC- 365nlc 40 1-99/1-99

Z- FC- 1336ne zdxitGraGhabee80ogdic Whipdddtichd; Sokds GMitrddifmeneP 5 e diddhel - 99/ 1- 99
Z- FC-1336nezz/ HFC- 365nf ¢ 160 1-9911-99 Table 11 Azeotrope-li ke conpositions
COVPONENTS  Tkegompesiiensraedistied i Tablegd Additionalsambedimrentsebnf ¢ - 40

40 10. 997 10 55 PE IGSE AR e fhied 7 Yably 87 = FEasommel e S6om e

5 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 {1570/30-55

| Z-FC-13386mzz/isopentane 20 45-75/25-55
Z-FC-1336mzz/lsopentane | * 40 45-75/25-55
Z-FC-1336mzz/isopentane 80 40-85/15-60
Z-FC-1 336mzé/¥sopentane 120 | 1-99/1-99

Table 9 Azeotrope-iike compositions

COMPONENTS | T(°C) | Weight Percentage
| | " Range
Z-FC-1 336miz/ isopentane 40 | 49-58/42-51
Z-FC-1336mzz/lsopentane | . O 53-65/35-47
Z-FC-1336mzz/isopentane 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

10 it was found through experiments that Z-FC-13368mzz and HFC-365mfc
form azeotrope-like compositions. To determine the relative volatility of
this binary pair, the PTx method described above was used. The total
absolute pressure in a PTx cell of known volume was measured at

186



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 chhsianidempleestard tormaaiosistbiopnccampegitiots. Offeedd ke conposi ti ons.
5 To determine the rel.ative volatility, of tHi S binary pair, .the PTx nethod

descri bed abBFESHERMGER yerediach fedycedtopauilibiyrasapos and liguitx cel | of
known vol Umec¥@asosBasiinad Q%% £fip 3 for various binary
conposi ti ons‘.: Tﬁgsle&ﬁéjegsure?ﬁlgnt S ﬂ%h{ hengé%ﬁ:@d to equilibriumvapor and
l'i qui d conpositions Thewvhpotptdssusé nmpaheedREtsusdhetdomposifidieinagor

D S T e L PR SR L SRS ik 8 S EFG: 1 bt ot
graphi.cal |y {hRh imidRitéOraphicalyaRIbAPRYSh Bfﬁge?%t}'%e?—ﬂkgcomﬁosiﬁons

Z-1,1,1,4, 4, 4- hexaf | uoro-2-but ene and trans- or oet ene at 50.1 C
as i ndi cat edobg-1al.tidd drhexsfluahpdrb@ene ard HF% IB8mfc 4t 80.4,%0, ak5

hexaf | - 2. e % -1, 2-di chl t h ing th
i ohest pr esLETR oF SiwatER JE otk G 1E0E Mol 2okl & dhreraliaie.
Based upon thesgedd agd BBSUt 1 to BasmBRER KELCYEHhRd that Z- FC1336nzz and

trans-1, 2-di chl oroet hyl ene form azeotropi c conpositions ranging from about
62. 4 mol'® per cent San@BBCdINNeDisel @zqstrapesikezesrapogitions eistedrid f r om

bout 37.6 | : (9 | t ps
rans- 1. 2-di CAPSr L ERslishe BHamRofk PRotliii e compentionnasoi 1 i ng at a
t enper at ur e idtef iroTableott, - 20C to about 120 G and at a pressure of from

about 1.6 psia (11 kPa) to about 170 psia (1172 kPa)). Sone enbodi nents. of
azeotropi c conpositions at:rcahw J0Nze0irapalike ¢ompoaiibas12 Azeot ropic

conpositions Azeptropit Tenperature (€ TAzeott+opte—Pressure—{psi a)

Z- FC-1336nzz (ol eCOMPOMINTS2- di chl or pEt{PG) ekeeighbPerddntag®(. 0 1. 60 62. 4

37.6 - 10.0 2.74

. Range
Z-FC-1338mzz/HFC-365mfc | -40 1-99/1-99
Z-FC-1336mzz/HFC-365mfc: 0 1-99/1-99
Z-FC-1336mzz/HFC-365mfc | 40 1-99/1-99
Z-FC-1336mzz/HFC-365mfc| 80 1-99/1-89
Z-FC-1336mzz/HFC-365mfc | 120 “1-09/1-99
Z-FC-1336mzz/HFC-365mfc| 160 |. 1-99/1-99

17



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
70.0 53.2 66.3 33.7 80.0 Bsble 11 Azeotrope-like compositions

COMPONENTS T(°C) | Weight Percentage
Range

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

10-89/10-90
Z-FC-1336mzz/HFC-365mfc | O 10-99/10-80
Z-FC-1336mzz/HFC-385mfc | 40 10-99/10-90
Z-FC-1336mzz/HFC-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-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
celi for Z-FC-1336mzz/ trans-1,2-dichloroethylene mixture is shown in FIG.
9, which illustrates graphically the formation of an azeotropic composition
of Z-1,1,1,4,4,4-hexaflucro-2-butene and trans-1,2-dichloroethylene at
50.1 °C, as indicated by a mixture of about 64.8 mole % Z-1,1,1,4.4,4-

15 hexafluoro-2-butene and 35.2 mole % trans-1,2-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 37.8 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



67.2 32.8 90.0 88.2 68.1 31.9 100.0 111 69.0 31.0 110.0 138 70.0 30.0 120.0

170 71.0 29.0

Addi

tionally,

azeotrope-li ke conpositions containing

Z- FC- 1336ne ATemdhouddst psia-(dil dia)toebrwt 478 preaiy (1 720kPe) fSomed. Such

azeotrope-|i
enbodi nent s

SFoGGRTS 1 3PP EoB B e Sl stPe i BOPR b 0 13

Sone

1 8-29

Addi tional enbodi nents of a?wbr@;&zééﬂfggiﬁ%%cbi are listed in Table
14. Table 13 Azeotrope-li ke CONDOSITI T (C) Weight
Per cent age RandeeRiregicl336ne ZAzedropid, 2- diZRIe13288myk ehe -trdhs?{ P-82/
Z- FC- 1336nzp/ tTemyserbi@redi ¢hPorszetdypebap (0- 67 B4y 33 | dichloroethylene
Z- FC-1336nzg/ tran8cy, 2-di ¢hl or oet hyl ene 20 65-93/7-35 | (mole %)

- 20.0 1.60 62.4 37.6

-10.0 - 2.74 62.4 37.6

0.0 4.47 62.5 37.5

10.0 6.98 62.8 37.2

20.0 10.5 83.1 36.9

30.0 15.3 63.6 36.4

40.0 21.7 64.2 35.8

50.0 299 64.8 35.2

60.0 40.3 65.5 345 -

70.0 53.2 66.3 33.7

80.0 69.0 67.2 32.8

90.0 88.2 68.1 31.9

100.0 111 69.0 31.0 .

110.0 138 70.0 30.0

120.0 170 71.0 29.0

.5

10

Additionally, azeotrope-like compositions containing Z-FC-1336mzz
and trans-1 ,Z-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.

1

9



Z- FC- 1336nezz/trans-1, 2-di chl or oet hyl ene 40 65-99/ 1-35
Z- FC-1336nzz/ trans- 1, 2-di chl or oet hyl ene 80 63-99/ 1- 37

Z- FC-1336nez/
Z- FC- 1336nez/t

Azeotrope-1likK
Z- FC-1336nez/
Z- FC-1336nez/

Z- FC- 1336nez/
Z- FC-1336nezz Jt+a
Z- FC-1336nez/

Z- FC- 1336nez/

trans-1, 2- di chasledst AyéstrepdaiRe &b :Q!sﬂtro%
trans—i-2-di-chl oroethylene TR0 58- -47 Table 14
e corrp05|t|ons COMPONENTS T (O \2/'éI§ht O\Qébnsglﬁrﬂagenmege
trans-1, 2- | ene -40 7
trans-1, Z-E%dé'mporoetﬁ% ene 0 69- 83&% 31  Range
tA-8051 338mdreaher 0B HI et R eﬁé " 9271-82/18-29
ns-1_2.dichloroethvlene 4 90/ 10- 32

t%kfs1 §3Qmaﬂérﬁnér1o%tdﬂﬁhl@rmtbweae- 090 1{34 67-86/14-33
FASGT 336‘m22/tﬂéh¥-1‘,’f~dﬁ'c?h;c‘§r'b%tﬁﬂene 1 20 65-93/7-35
Z-FC-1338mzzitrans-1,2-dichioroethylene | 40 65-99/1-35
Z-FC-1336mzzftrans-1,2-dichloroethylene | 80 63-99/1-37

| £-FC-1336mzz/trans-1,2-dichloroethylene | 120 61-99/1-39
Z-FC-1336mzz/irans-1,2-dichloroethylene 160 58-99/1-42

Table 14 Azeotrope-like compositions

T Weight
COMPONENTS (°C) | Percentage Range
Z-FC-1336mzzftrans-1,2-dichioroethylene | -40 72-80/20-38
Z-FC-1336mzzftrans-1,2-dichioroethylene | 0 |  60-83/17-31
Z-FC-1336mzz/trans-1,2-dichloroethylene | 20 68-86/14-32
Z-FC-1336mzz/trans-1,2-dichloroethylene | 40 68-90/10-32
Z-FC-1336mzzftrans-1,2-dichloroethylene 80 66-99/1-34
Z-FC-1336mzz/trans-1,2-dichloroethylene | 120 65-99/1-35
Z-FC-1336mzzftrans-1,2-d ichloroethylene | 160 65-89/1-35

10

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 fotal absolute pressure in a PTx celf of known volume was measured
at constant temperature for various binary compositions. These

compositions in the cell using the NRTL equation.

15

measurements were then reduced to equilibrium vapor and liquid

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

20

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



65-99/1-35 Z- FC-1336nerz/trans-1, 2-di chl oroet hyl ene 160 65-99/1-35 5It was
found through experinents that Z FC- 1336nzz and HFC- 245fa form
azeot r ope- | |Memﬁmms:)ftabonh1 to@1devker ¥ @e1ihe delaidnefiuved-athutehey of this

E% d. The total absol ut
glrgggﬁrga: :1 kL ‘gélq 1o ﬁgegn?cbg&ﬂg%g%a hémgz’ﬁ??zgﬁséw%gﬁs?aﬁt ?e?rgelrjateure
for various ébd?@iibha‘iélgﬁq?éé?ﬂ?? kPl %ﬁ.‘dlgjm éeggg%éuy\g&?o?g ! eEuced to

equi | i bri um vapor and conpos t| ons’ i n ust n RTL
equation.  percent Z-1Thé dvhfdrexafluosut dutens amed! te6sns] et%e‘-iiécrm&aG g | O\?\; i E
the PTx gell f.or Z-FC 1336nrz/ HFC-24 f Xt shown in Fl , I C
i|lustrates Vé&%ﬁﬂﬁ’%&?rfe%wﬁ%@@%@f'wg aﬁ'@&#&gﬁgléas)l i ke conpositions of z-

1511, 1,4, 4, & hexal | sone RS afabEG2ASHRe Rorkhetids 18 (ol fat ed - by

m xtures of about 1 to 21 nole %Z-1,1 uor o- utene and
about 79 to TabladbeAdsitiprabasbadiments wipaeotopsdikeafipegifioraxamat el y 17 -

psia (117 k xtures of about 94 to 99 nol e percent
Z-1,1,1, 4, 43%)[?1 @nf?tﬂ%‘}? 2-butene and 1 to 6 nole % HFC-245fa 5 with vapor

pressure of approxi mat el ymb@ﬂsﬂz@%trlﬁBé)hke%FﬁpgﬁP gt ment s of _
azeotrope-|like-conpositions are 1St apl'e T57Addi tional enbodi ments

of azeotrope-|ike corrp03|t|ons are | sted iin Table 16. Table 15 |
7 RC 1356me/ [EEMRENENES® 16T ob Tabi) 4 YeIoht Bertentaqs setes . 2451 a
R Lo e A L L

Z- FC- 1336nez/ HEGQASBEmE201ACSBYHMa- 99 alid 16-BIRA7&289 and 95-99/1-5
Z-FC-1336mzz/HF C-245fa 40 1-26/74-99 and 94-99/1-6
Z-FC-1336mzz/HF C-2450a - 80 1-35/65-99 and 80-99/1-10

Z-FC-1336mzz/HFC-245fa 120 1-58/42-89 and 76-95/1-24

10

Table 18 Azeotrope-like compositions

COMPONENTS T{°C) | Weight Percentage Range
Z-FC-1336mzz/HFC-245fa | -40 | 10-13/87-90 and 96-99/1-2
Z-FC-1336mzz/HFC-245fa | O 10-14/86-90 and 97-99/1-3
ZFC-1336mzz/HFC-245fa | 40 | 10-17/83-90 and 96-09/14
Z-FC-1336mzz/HFC-245fa | 80 | 10-22/78-90 and 95-95/1.5
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 liquid
compositions in the cell using the NRTL equation.

21



Tabl e 16 Azeotrope-|i ke conpositions COVWONENTS T (C) Wi ght Percentage
Range Z- FC-1336nzz/ HFC- 245fa -40 10-13/87-90 and 98-99/1-2

ZbFC£)133/6g§ z/ HFC- 24g1h@ \ﬂ;};ﬂtﬁ-pﬂf?éﬁﬁ@?ﬁ%%@ﬂl@/&ﬁ%ﬁgig?e Zgg@%iﬂ%g}ﬁ%nggG 235f a
40 10-17/83-90 a - -4 7-FC nez - a 8f -22/78-90 an
95-99/1-5 Z -qe@'g‘@hgz&gﬁ%ﬁé-%m%{&ﬂﬁh@wygﬂ@ﬂegmI%H@ isoshewyninfgG. 7,

It was found,p; ' £ ' t hane
form azeot rg\ggﬁ ?Egﬂﬁ%%én%é?ﬁ%ﬂ Fﬁ#@?ﬁé‘tféﬁﬁ%@p%@ﬁ(ﬁ%ﬁé@f\%ﬁt ility of

t hi s bi nary abpdrt, 1, thd Fhexaibtdro-baterd ded dahetmxwarethaes at 7H69t°Gt al

absol ute_pressure i PTX | .of known vol unme was neasured at constant

t enper at dr e .rab%ﬁ Eggkp'ﬁ?r{igb ‘i%ﬂ)rp%%m icped bm%uﬁ?ég%f&t@r%ﬂttg %rg t hen
reduced to afaykloh by i1HTH VAR haReNUdr8Y-HuEPRPAR LbBS1 k8 obhfole®h! using the
NRTL equati on. The vapor pressure neasured versus the

conposi t i ondimathogmetixareel | for Z- FC- 1336nzz/ di net hoxynet hane mi xture is

shown in FIG 7, mhich illustrate rgaphically the formatiaqn of.

azeot rope- | i ke c RIS Pﬂ%@“@f‘%ﬁfi@%oﬂ%&%ﬁﬁ ﬁ%&‘&PFE’@P@-@Q %E‘PQH@_ and

di met hoxynetihpne1 2t AddtidRalCerrbaBftn@le ¢ a2doftopalike (Cbrindditns &8 | ndi cated
by m xtures of about 1 to 99 nole % Z-1, 111 , 4,4, 4- hexat | uor o- 2- but ene and

about 1100 distedondalelitBet hoxynmet hane. Some enbodi nents of azeotrope-|ike

conpositions are listed iy bl e 'I‘kddit enbodi ment s of
azeotrope-|ike conpositiof PRE-H CRIEPQSHQRNS Tapl e 17

Azeotrope-1ikg conpositions COVPO\IEMS T (0 | oWeidet Pefiaesydgnae
Z- FC-1336nzz/ O mret hoxynet hane -40
COMPONENTS (°C) Range

Z-FC-1336mzz/Dimethoxymethane -40 1-99/1-89
Z-FC-1336mzz/Dimethoxymethane 0 1-99/1-99
Z-FC-1338mzz/Dimethoxymethane 40 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane | 80 T 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane | 120 1-98/1-99
Z-FC-1336mzz/Dimethoxymethane | 160 1-99/1-99

Table 18 Azeotrope-ike compositions

T | Weight Percentage
COMPONENTS (°C) Range

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

15 it was found th'rough experiments that Z-FC-1336mzz and

cyclopentane form azeotropic or azeotrope-like compositions. To

determine the relative volatility of this binary pair, the PTx method

22



1-99/1-99 Z-FC-1336nzz/ Di et hoxymet hane 0 1-99/1-99

Z- FC-1336nzz/ Di et hoxynet hane 40 1-9911-99 Z- FC- 1336nez/ Di net hoxynet hane 80

1- 99/ 1-99 Z-FC 1336nez/ Di et hoxynet hane 120 1-99/1-99

Z- FC-1336nez/ D met hoxynmet hane 160 1-99/1-99 Table 18 Azeotrope-like
conposi t i ongesCAMROABINESHES (1€3d Wicgintal Rérsoleibe prpssRanigiea PTx cell of

Z- FC- 1336 /D h h - - - - EC-
5 0515 95 SIEMEHITE AR MRETR] L ERIE B EsR P B3 Y

ié{l%m%}yhoxynet hane 0O

Z- FC- 13362 ihdsnidhexyraidaeas & nieriShrd et reGuddd treguibmet hoxymet hane

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

5 The vapor pressure measured versus the compositions in the

PTx cell for Z-FC-ISSpmzz/cyclopentane mixture is shown in F1G. 8,

10

which illustrates graphically the formation of an azeotropic composition of
Z-1.1 1 4.4 4-hexafluoro-2-butene and cyclopentane at 48.97 °C, as
indicated by a mixture of about 3.9 moie % Z-1,1 ,1 4,4 4-hexafluoro-2-

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 caiculated that Z-+C-

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 ¢ and at a pressure of from about 1.7 psia (12

kPa) to about 302 psia (2082 kPa)). Some embodiments of azeotropic

compositions are listed in Table 18.
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120 5-95/5-95 Z-FC- 1336nzz/ Di net hoxynet hane 160 5-95/5-95 151t was found
t hrough experinents that Z-FC 1336nzz and cycl opentane form azeotropic or

azeotrope-|i ke conpositions.
bi nary pair,

pressure i

for various binary conposi

equilibriu
equati on.

cel |
illustrate
1,1 ,4,4
by a m xt ut

and 36.1 m
conposi tiops

been cal cu
conpositio
percent Z-
percent cy
t emper at ur
about 1.7

azeotropic
conpositio

Z- FC- 1336
2.98
5
10

n a PTx cell o

for Zt

To determine the relative volatility of this
the PTx nethod described above was used. The total

f g &h%@i@%@%ﬁﬂn@

absol ute
d at constant tenperature
BETits were then reduced to

m vapeotrapid | i|qui Az@mirqwsl t il oASFC+1 Aenzzell | Grsilopmertdree NRTL
5 Thenvspaturgr es Fusssune gssisled vensiode t)e conpoginbleoi®$ i nlthe PTx
FC- 1 S86nez/ cycl opentane m xture is shownjin FIG 8, which
S grapﬁg;,@al 'y tThe Tqrmii on [0f angazeotropi ¢ cogp@sition of Z-1
4= mexghlo puoT 0= 2= but BER ana yci opggtgane at—49.94g 4 as indi cat ed
ott—63-9 "ot %6/0 Z=% a4, 4=hexaft §ER0~ 27 0 but enfe
\ e—hr—qgﬂﬂ* pt-esstte r—t-he- range o
s-at I s—tenperatyre: Bas :E“pgn tHhese 355‘ e-Rgs; itghas
at.ed Q'IQ)T Z-EC1336M8# and cycl nnE ne_farm n7§§15r opi-¢
hs rantfl®g from abodf.%4. 2 mole n@@&ant tq ahoufb#4 4 myl e
C- 1338h®z and 15 f 28 about| 35. 8680l e pericent 86.3about |25. 6 nol e
cl opeAB@Te (whi ch f &2m azeotr opi c68dhposi tli ons BBilling at a
b of fgmm about -20@2to about 150633nd at [a pressure of [from
pSi a (ghidokPa) fo abagaty 302 pgsia (8@82 kPa))). Sopg.genbodinents of
corrpom @l ons are Tigsted in (Tabl egh%  rahl € T934%E6t ropic
1S IU[JI T |enpe{=r3aé ure u,) /-\Z%%[{Opl Ct Hresgig’ge (pSI a)
771 \ngdﬁ /g Cyct uprgétgmc \l ot-e /(,B5 gO 0174 Sk TE) 35: -10.0
100.0 116 66.6 33.4
110.0 144 67.68 32.4
120.0 175 68.9 31.1
130.0 211 70.4 29.6
140.0 254 72.3 277
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

exist around azeotropic compositions. Some embodiments of azeotrope-

fike compositions are listed in Table 20. Additional embodiments of

azeotrope-like compositions are listed in Tabie 21.

Table 20 Azeotrop

e-like compositions

Weight Percentage

COMPONENTS T (°C) Range

Z-FC-1336mzz/cyciopentane | - 20 77 - 86/14 - 23
Z-FC-1336mzz/cyciopentane 0 76 - 87/13 -.24
Z-FC-1336mzz/cyclopentane 40 74 - 90/10 - 26
Z-FC-133Bmzz/cyclopeniane 80 72 -99/1-28
Z-F(C-1336mzz/cyclopentane 120 70 - 99/1 - 30
Z-FC-1336mzz/cyclopentane 150 68 - 89/1 - 32

24



63.9 36.1 0.0 4.86 63.7 36.3 10.0 7.59 63.6, 36.4 20.011.4 63.536.5 30.0
16.6 63.6F36.4 40.0 23.4 63.7 36.3 49.97 32.1 63.9 36.1 50.0:32.1 63.9 36.1
60.0 43.1 64.2 35.8 70.0 56.7 64.6 35.4 80.0

Table 21 Azeotrope-like compositions

COMPONENTS T Weight Perceniage
(°C) Range

Z-FC-1336mzz/cyciopentane - 20 80 - 86/14 - 20
Z-FC-133B8mzz/cyciopentane 0 80 - 87/13 - 20
Z-FC-1336mzz/cyclopentane 40 80- 80/10 - 206
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 aerosot propeliants, refrigerants, solvents, cleaning agents, blowing
agents (foam expansion agents) for thermoplastic and thermoset foams,
heat transfer media, gaseous dielectrics, fire extinguishing and
suppression agents, power cycie working fiuids, 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 azeoirope-like composition consists essentially of Z-
1.1,1 4,4 4-hexafluoro-2-butene and a component selected from the group
consisting of methyl formate, pentane, 2-methylbutane, 1,1 ,1 ,3,3-
pentafluorobutane, trans-1 ,2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane.
25 Another embodiment of this invention provides a process for
producing refrigeration. The process comprises condensing an azeotropic

or azeotrope-like composition and thereafter evaporating said azeotropic

25



73.2 65.1 ,34.9 90.0 92.9 65.8 34.2 100.0 116 66.6 133.4 110.0 144 67.6
32.4 120.0 175 68.9 31.1 130.0 211 70.4F.29.6 140.0 254 72.327.7 150. 0F302

74.4F25.6  or azeofdgi ke posifAriaithePgcihitk ©f ¢9BASY té BB oSMRAL ai ni ng
Z-FG 1336nmzz and cycl opentane nmay al so be fornmed. Such azeotrope-like
conposi t i ondVIErei said azeatapisydzespPrpecliepeamposition cOorstseadseditiahynt s of

of “azeotropSl A ba Lk delifron Bufthg Bad i comppaentsengiFosg e " T °
Azeot r ope- | igtus eBREIBTIHG ONmetIVBINERT Pehtdia, EmdhgbttaRer $an agr 1 Range,
Z- FC- 1336nzzi cycl opent ane

pentaflucrobutane, trans-1,2-dichlorcethylene, 1,1,1,3,3-

pentafiuoropropane, dimethoxymethane and cyclopentane.

Another embodiment of this invention provides a process using an-
azeofropic 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-
pentaﬂuorobutane, _trans~1 2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyciopentane. ‘

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 prdpel[ant, wherein said a'zeotropic_ 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-dichloroethyiene, 1,1,1,3, 3-pentéﬂuoropropane,
dimethoxymethane and cyclopentane.

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

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

Another embodiment of this invention provides a process for

30 extinguishing or suppressing a fire. The process comprises using an
azeotropic or azeotrope-like composition as a fire extinguishing or _
suppression agent, wherein said azeotropic or azeotrope—iike- compositioh
consists essentially of Z-1,1,1,4,4,4-hexafluoro-2-butene and a component
selected from the group consisting of methyl formate, pentane, 2-

26



-20F77- 86/14 - 231 Z-FC-1336nezz/cycl opentane OF76- 87/13 - 24
Z- FC-1336nzz/ cycl opentane 40 74- 90/10 - 26 Z-FC-1336nez/cycl opentane 80 72

- 99/1 - 28 MetpitiRafer 1/1cY,6|3pentadoercbifand, trak@i P-dicBRroethylene, _
Z- FC- 1336nzz/ giy1cl opentane 150 68 - 99/1 -32 10 Table 21 Azeotrope-Ilike

conposi t i ons' 11l &SvpeeRrerapraneig kimpthaymethane greaygopentane.
Z- FC-1336ne2/ cycl RR&NGRReslitERt of AR titentidt provides a process using an

azeotropic or azeotrope-like composition as diglectrics, wherein said
5  azeotropic or azeotrope-like composition consists essentialty of Z- |
1,1,1,4,4 4-hexafluoro-2-butene énd a component selected from the group
éonsisting of methyl formate, pentane, Z—mlethyibu'tane, 1,1,1,3,3-
pentafiuorobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane.
10
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i Z-FC- 1336nzz/ cycl opentanel 01 80 - 87/13 - 20 Z-FC-1336nzz/ cycl opentane 40
80- 90/10 - 206 Z-FC- 1336nrz/cycl opentane 80 80 - 95/5 - 20

Z- FC-1336nez/ cycl opentane 1120 80 - 95/5 - 20 | Z-FC- 1336nzz/ cycl opent ane
150180 - 99/5 - 20 The azeotropic or azeotrope-like conpositions of the
present invention can be prepared by any conveni ent nethod including m xing
or 5 conbining the desired anounts. I n one enbodi ment of this invention, an
azeotropi c or azeotrope-like conposi .L(Nlli\/igan be prepared by wei ghing the
desi red conponent anounts and therea nbining themin an appropriate
container. The azeotropic or azeotrope-like conpositions of the present 10
invention can,be used in a wide.range of applications, including their use
as aerosol prdpét F‘é’ﬁ‘?g?"t’P%PPP@@V%?&G@B?WS%s, cl eani ng agents, bl ow ng
agents (foam ewpzns;i,Qm,@%qq{es@ﬂ{,@ro_g_gg{éﬁgpg@@ti c and thernoset foans, heat
transfer nedia, gaseous dielectrics, fire extinguishing and suppression
agent s, 3 power dbctinaiipumaihaneiivdigreindhg srethaxymathasgiiapressnpiaran cul at e
removal fl iy e i.ds j ' : d, di spl acenent
dryi ng age‘%ﬁegﬁve g@1O['h%)efgFedrirt?g‘cﬁ1 Z@@ﬁ{obggﬁ ﬂ? %Péq%ﬁn%@ﬂﬁq %Eﬁ%rzd\ﬁ/‘ﬂd%g’ﬁﬁpr ocess

f or preparhaxgflaorokizboepkeasti ¢ or thernoset foam The process conprises

wher oi nsai d 30 LDEGEFOBIE B BIDRS RRKSl AR d GRPBENDS SReHR o gom 1

essentially of Zo gb wdighflperdedt Z1hEXafd UMeRafiudtel 2BEIcABGN FFRABONS AL
selected fromthe group consisting of met hél formate, pentane,
L2

2- met h{? but ane, Vieight percers dimefyatathaieo sharasterized &1ys ata temperature of

cycl opent ane. SSRGS aRARr SRz BBMASR ORA R e SR BFbL as Tor

produci ng ref ri geesdureand Budbhy peiassreeonmerdfs&ss handergubldoBp&zest r opi ¢ or
azeotrope-li ke conposition and thereafter evaporating said azeotropic or

azeot rope- | i ke &ﬂ?ﬁgé{pppéheinbPWém}'i‘toqrﬁ?st‘Veof the body to be cooled,
wherein said @.Zeﬁ?EFd?jé‘s& f&*pr@é?@?ﬁ SRR dIpRasHR R A% i 2Bt ﬁaféﬂ?b@rﬁﬁri&ﬁ%e”t' ally

of Z-1,1,1,4,4,4-hexafluoro-2-butene and a conponent selected fromthe
group tdnsi sti ngisifg avergdtrdns-ie eompesitemes adblowing\adeot, arvterein, sajdl, 3, 3-

entaf | uor opr opare B AIRA SRR BRE SRR 1 44 4ot e

enbodi ment of t Hexaflowem-botenerand diestiioyrretiesss. usi ng an azeotropic or
azeotrope-lik a solyvent, wherein said azeotropic or

conposition a . )
azeot r ope-| i kg' &b B¢ fYrPresreng refrigeraling campyisipig gendepsing an
1,1,1,4,4,4- hexaéﬂeugbfge%k@%msﬁieﬁ and tﬁ&*@ﬁﬂ@ﬁ.@%ap?ﬁé% £4ld fa%eg&@,ﬁﬁ@ oup

consisting of methyl formate, pentane, 2-nethylbutane,” 1,1,1,
pent af P&or obut arkempasiiessin the dicktitysy deg bodietoche goded, Bhaein said

pent af | uor opr opape. g5 Sk LM BR R RBL T AR &1 1,1 4,4, 4-

hexafluoro-2-butene and dimethoxymethane.

5. A process comprising using an azeotrope-like composition as a solvent,
wherein said azeotrope-like composition consists essentially of Z-

25 1,1,1,4,4,4-hexafluoro-2-butene and dimethoxymethane.

6. A process for producing an aerosol product comprising using an
azeotrope-like composition as a propeliant, wherein said azeotfrope-like
composition consists essentially of Z-1,1,1,4,4,4-hexafluore-2-butene and

dimethoxymethane.
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Anot her enbodi nent of this invention provides a process for .15 producing
an aerosol product. The process conprises using an azeotropic or
azeotrope-li ke conposition as a propellant, wherein said azeotropic or
azeotrope-li ke conposition consists essentially of Z-1,1,1,4,4,4-

hexaf | uor o- 2- but ene and a conponent selected fromthe group consisting of
nmet hyl formate, pentane, 2-nethylbutane, 1,1,1, 3, 3-pentafl uorobutane, 20

trans-1, 2-dichl ofoethylene, 1,1, 1,3, 3-pent afl ugropropane, di net hoxymet hane
and oycl opent dndh Brocebs SARBERDS SiHibah RERLIHIE i STMALRN Shagidy, des o
process using anf&PMHEMhCwWREHT SAHDRBIrbpBLkE BMPSSItIbRBoASIs® heat

transfer media, wherein said azeotropic or azeotrope-I|ike conposition
consi sts essent i efseqtigly AfZ-2111,4, 414-hexafporeRdutens ang dynetbasymathage.

2 ot nyl but ang. APECes o7 SRR ANRrE S pbkRea ARt AT one,

1,1,1, 353- pent aeddestroppiibpaompoditiontdsaxireebdingeishing of sobprasioarsgenfinot her

enbodi nent of this invention provjdes a process faor 30 extinguishing or
SUppressi ng a f e ROt ol (] fnsirte S2eREH P Zor
azeotrope-|ike cONAOSH LI ABoR-DIDUBrRXANEi tRdeh&hasdlPPr essi on agent,
wherein said azeotropic or azeotrope-like conposition consists essentially

of Z-1,1, 1, 4, 8; /A REOCES GoRprisingséikan Ageelr et pedlict pe diclewdins: he
group consistin %@ g &ﬁﬁr T =

1,1,1, 3, 3-pent a]gll\’iﬁ%?{c;fﬁ% ;a%%‘%&[%&el@%l C nog%ng’ﬁ%g}eg%%rﬁ}éqﬁwz

1,1, 1, B) 3- pent af1,udr 464 reparaduon-Aatubene/aet tiensdhandnaethahe@pent ane. Anot her
enbodi ment of this invention provides a process using an azeotropic or
azeotrope-like conposition as dielectrics, wherein said 5 azeotropic or
azeotrope-li ke conposition consists essentially of
Z1,1,1,4,4, 4- hexaf |l uoro- 2-but ene and a conponent selected fromthe group
consi sting of nethyl formate, pentane, 2-nethylbutane, 1,1,1, 3, 3-

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

pent af | uor opr opane, di met hoxynet hane and cycl opentane. 10 CLAIMS 1. A
conposition consisting essentially of: (a)
Z-1,1,1,4, 4, 4- hexaf | uor o- 2- but ene; and (b) di et hoxymet hane;
wherein the di nethoxynethane is present in an effective amobunt to form an
azeotrope-li ke conbination with the Z-1,1,1,4,4,4- hexafl uoro-2-butene. The
azeotrope-li ke conposition of claim1 consisting essentially of from1 to
99 wei ght percent Z-1,1,1, 4,4, 4-hexafl uoro-2-butene and from99 to 1 weight
per cent di nmet hoxynet hane, characterized by: at a tenperature of from-40 C
to 160 C, said conposition having a difference in dew point pressure and
bubbl e point pressure of |less than or equal to 5 percent based upon the
bubbl e point pressure. A process for preparing a thernoplastic or thernoset
f oam conpri sing using an azeotrope-like conposition as a bl ow ng agent,
wherein said azeotrope-like conposition consists essentially of
Z-1,1,1,4,4,4- hexafl uoro-2-butene and di net hoxynet hane. A process for
produci ng refrigeration conprising condensing an azeotrope-like conposition
and thereafter evaporating said azeotrope-like conposition in the vicinity
of the body to be cool ed, wherein said azeotrope-|ike conposition consists
essentially of Z-1,1,1,4,4,4- hexafl uoro-2-butene and di net hoxynet hane. A
process conprising using an azeotrope-like conposition as a sol vent,
wherein said azeotrope-like conposition consists essentially of
Z1,1,1,4,4, 4-hexafl uoro-2-butene and di net hoxynet hane. A process for
produci ng an aerosol product conprising using an azeotrope-like conposition
as a propellant, wherein said azeotrope-like conposition consists
essentially of Z-1,1,1, 4,4, 4- hexaf | uor o- 2- but ene and di net hoxynet hane. 7.
A process conprising using an azeotrope-like conposition as a heat transfer
medi a, wherein said azeotrope-|ike conposition consists essentially of
Z-1,1,1,4, 4, 4- hexaf | uor o- 2- but ene and di nmet hoxynet hane. 8. A
process for extinguishing or suppressing a fire conprising using an
5azeotrope-li ke conposition as a fire extinguishing or suppression agent,
wherein said azeotrope-li ke conposition consists essentially of Z-

1,1,1,4, 4, 4-hexafl uoro-2-butene and di met hoxymnet hane. 9. A process
conprising using an azeotrope-like conposition as dielectrics, wherein said
azeotrope-li ke conposition consists essentially of

Z101,1, 1,4, 4, 4- hexaf | uor o- 2- but ene and di net hoxynet hane.



