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Field of the Disclosure
The present disclosure relates to azeotropic or azeotrope-like
compositions of Z-1,1,1,4,4 4-hexafluoro-2-butene, trans-1,2-
dichloroethylene, and a third component, where the trans-1,2-
20  dichloroethylene and the third component are present in amounts effective
to form an azeotropic or azeotrope like composition with the Z-1,1,1,4,4 4-
hexafluoro-2-butene.

Description of Related Art

25 Many industries have been working for the past few decades to find
replacements for the ozone depleting chiorofluorocarbons (CFCs) and
hydrochlorofluorocarbons (HCFCs). The CFCs and HCFCs have been
employed in a wide range of applications, including their use as aerosol
propellants, refrigerants, cleaning agents, expansion agents for

30 thermoplastic and thermoset foams, heat transfer media, gaseous
dielectrics, fire extinguishing and suppression agents, power cycle working

fluids, polymerization media, particulate removal fluids, carrier fluids,



for replacements for these versatile conpounds, many industries have turned
to the use of hydrofluorocarbons (HFCs). The HFCs do not contribute to the
dest ruct iwo 20fo/5186at ospheri ¢ ozone, but are of concern age/useowloed154
contribution to the "greenhouse effect”, i.e., they contribute to gl obal

war m ng. As abuféinglabrasiva Agénts camd disbitdenrent anghgbabnisariRithg seht® HFCs have
cone under sc ut| éé?and thejr wi despread use may also be limted in the

future. Thus, °f Fp'acergenisige eﬁ@r"%ﬁﬁ%@WPQH@d% HEaNY hdystriesdiave bute to
t he destruct |tgﬂ1égtos1qqléat}5%sd; Q%bﬁﬁg(#ég) have | ow gl obal warm ng

potentials (GAPs). Certain h oroo I'ns, such as 1, 1, 1
. 4, 4, 4- hexaf | uor o- Phe HiFéisedq CBGB@Fh-’cmHﬂEC{o tifeDd &8tBGetion) of smmoip&'lelreved to neet

both goal R hi.s _di scl osure provi d S an azeotropic
or azgot r?pe ?%@ ?8%&%‘%"1%0&99 ?é‘? catdhton toyth gf 9'(‘%9}" PUE® 1336nz 2,
(b) trans-1 ,&fedti ¢l anegtimtiBoR tb%i&béﬂﬁ@ﬁﬁh nansrekultdf and (c) a
third conponent; wherein the trans-1 dlchtoroethylene and the third

conponent  ar RN forplelbalmarmieg dheHitGs have opmeainder sotutingi ancr

azeotrope-|i 6 n | ment of. the
Tvent i on, t noelbdbeaLRe oA pR AR ) RRGHEFE T dherktise

met hanol , perrdadbion cotipaisitions phatyd n&ftammoutdlt@m@@éytﬁmtmrtﬁ (DW), or
met hyl f or mat e s . di sclosure al so provides processes of usi ngst hese

azeot ropi @ or® %?E%%?m%ﬁeﬂqqn@ea%%ﬁﬁawm olebah WaRRMITY Bglentials (BWPsger ant s,

I gui shant s,
Frre suppr osey aenyaRaICRO8Sin ] oRion 5”1 Letvh PREe By R Bher 1
| NVENTI ON | n (i HaipHiCEati@118361nze), @we befievedio mest bothegaztsiponent or an

azeotropi c or azeotrope-like mxture is desirable. For exanple, when a
bl ow ng agent conposition (also known as foam expansi on agents or foam

SUMMARY OF THE INVENTION
15 This disclosure provides an azeotropic or azeotrope-like
composition consisting essentially of (a) Z-FO-1336mzz, (b) trans-1,2-
dichloroethylene (E-CICH=CHCI, trans-1,2-DCE) and (c) a third
component; wherein the trans-1,2-dichloroethylene and the third

component are present in effective amounts to form an azeotropic or
20  azeotrope-like mixture with Z-FO-1336mzz.

In one embodiment of the invention, the third component of the
composition is cyclopentane, methanol, perfluoro ethyl isopropyt ketone,
dimethoxymethane (DMM), or methyl formate .

This disclosure also provides processes of using these azeotropic

25 orazeotrope-like compositions as blowing agents, refrigerants, solvents,
aerosol propellants, heat transfer medias, fire extinguishants, fire

suppression agents or dielectrics.

DETAILED DESCRIPTION OF THE INVENTION

30 In many applications, the use of a pure single component or an

azeotropic or azeotrope-like mixture is desirable. For example, when a
blowing agent composition (also known as foam expansion agents or foam
expansion compositions) is not a pure single component or an azeotropic

or azeotrope-like mixture, the composition may change during its
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expansi on conpositions) is not a pure single conponent or an azeotropic or
azeotrope-like mxture, the conposition may change during itsapplication in
the foamwonnogigrocess. Such change in conposition cowCa/usetmwionast al |y

af fect processing or cause poor performance in the application. Also, in

refrigerati onagmivetioain thesfoam fophingeioaass.i Sueh tRang®#t célnpbsilopper ati on
through | eaks_in shaft seal s, hose connections, soldered joints and broken

lines. In add‘i:‘%qq‘aﬁi,e Rentady ﬁﬁﬁ‘éterﬁFeW BeCRt LRI PArPrIRacatiftYpher
during maint e@m%tiﬁﬁp%%”ir?ﬁefﬁger@g% 'aggpltt?étlo‘ﬁ% Eﬁlé‘f‘r@gﬁ}g-is hftelh Sst

refrigerant is not a pure sing 0 or an aze pi Cc Or
azeot rope-| i k@urmmas‘ationmrougb leaddsrin gbaiseals) pes icbhnactiong, shidegs] when

i S h h. th fri ti equi pnent .
The chang® | nOTE? PROGrin st JL AORBH rits TELESE T ey Berplsesanio Ihs becors
fl anmabl e or gendspverdaaring aidinteRaatd Qmo@anwm@ﬁg%@%ﬁr&u dnt, ffhere is

a need for using azeotropic or azeotrope-I|ike m xtur in these and ot her
appl i cat i ons, thedefrigesandi® nak a srre ginglecorpenentopen azeotrdpit ar es cont ai ni ng

- Z- - - 2- - .3 -F 1336| Ti ZZ
e s FO 1 3her oA A O], TS et e R st e MPEBa bel ow

sone terns arleaked bndidchargeldanithe atmosihekd 3@ hdTrefrigratibn @gupptedl two
configura] ionagl isoners, ?_or Z. FO-1 336nez as used herein refers to the
i soners, % F%%gé"f‘rﬂﬁezmdie ngaraphiepippesitionmaygausgdhe fgfrigerasit tat i ons or

it f : i e . iy 1S

Teonpr | i ng, ~Xeme ARSI or P e BB iRpriddBndf Bfpuiai LR SSidingy

vari ati on t hetheof is aaneed Mreraﬂu;lazTDtumj@Dr azmtmwm{elhmltimeresﬂﬁ!th@se)n. I FO{ f
| e, , t hod, ' , _Or apparatus that conpprises a list o

2rggnte s ?spﬁfﬁﬁgégﬁpgqu”g: {ﬂlrfcaégmtp Bﬁ%}@%%a@wﬂnﬂk%@mm i ncl ude

ot her el eTTEntcﬁ:rﬂ@;ﬁir@@ﬂeﬁﬁ,|4>,’4,hu%@ﬁuefo-ﬂﬂ‘u?ér?é‘fzb?tgér{g—?%%%EFO-”Et hod,

article, or apparatus. Furt Rer, unl ess expressiy s a contrary,
"or" refdbs tB3HIMNIHEIVEOVESHIMaZ)d not to an exclusive or. For exanple, a

condition A or B i@ef%f% .élaéhje%gingyde?&}/s S eemgg)di%%%ts described below, some

terms are defined or clarified.
FO-1336mzz may exist as one of two configurational isomers, E or
Z. FO-1336mzz as used herein refers to the isomers, Z-FO-1336mzz or
20 E-FO-1336mzz, as well as any combinations or mixtures of such isomers.
As used herein, the terms “comprises,” “comprising,” “includes,”

ELINTY

“including,” “has,” “having” or any other variation thereof, are intended to
cover a non-exclusive inclusion. For example, a process, method, article,
or apparatus that comprises a list of elements is not necessarily limited to

25  only those elements but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus. Further, unless
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: Ais true (or present) and B is false (or not present), A is false

30  (ornot present) and B is true (or present), and both A and B are true (or
present).

Also, use of “a” or “an” are employed to describe elements and
components described herein. This is done merely for convenience and to

give a general sense of the scope of the invention. This description
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following: Ais true (or present) and Bis false (or not present), Ais
fal se (or not present) and Bis true (or present), and both A and B are
true (or woeswts)864Al so, use of "a" or "an" are enpl oye@’CraSd@soniine

el ements and conponents described herein. This is done nerely for

conveni ence asiudecd)bgiread o peheicadnesenstdeasdt diteaist treesinfulbhaisonvention. This
descri ptionshoulg ?h d to mciud one or at |east one and the singular
al so i ncl udesntHEeH Mk ri’}d‘l%%ssg 15 iy st € 1§ meant ptheewi$gant ot her wi se.

Unl ess ot her wi se dgﬁ:b@@@theamset@@mbcah M ﬁbﬁatsbéng.f. RO tagfl herel n

have the sane neaning as comonly under st o0 ry skill in
the art to wheaBinhae thesame meammc;pmgsommarhy)ughensmmluhsoambf mat eri al s

I th bed h in the practice
or teating orttBEEPRUT LA B BRI P Ao BR05 o St MRtk euS  and
material s ar eartbsrkéries sivglae\wr eQlivaringld FisQUtScribad ﬁ@Fe:ﬁ%@h'UéaﬁébéH‘S

patents, and other references nentioned herein are incorporated
ref erence i n IDARE pragiicesdgstingpfeambediments @fuﬂ’lerpfﬁa@ﬁa@@r‘itwncsma:blel n case

ontrol . 1 n’ ABGNEREE O haRRER o Ree Kol AT B BRAR S B8Rt | st rati ve

only and not &dpiieatierts, patdrds,|armd biheg reférdried IGHthedsherelgren conmpound, and
its prep rati,on m%%pg has_ been di sc] osed, for exanple, in U S Patent

Publ i cat n NBCorpg Py dstesengrindheirienbietporiessia PAricla Rassage s i t s )

oo 11 o AeBTH SEALIHIEL HPBeSpASICAZA, BRI B cRIARAES;

di chl or oet hylwiieontiall Ihadditiarhithel matenis,emethodseand exaimpldy ars- 1 , 2-

o form an 2JBORFRF OB b8 a6t FEEe Beeitiabe w th 2 FO fctive amunts

i ncl ude conposi ti EOMBEEMENRS éthﬂn%ﬁﬂmﬁm@it ahd |t§5b‘ié|5’é)r%ﬂ5ﬁ%p t hanol,

di et hyox%mthhaasngeenngiggl%sed Ofgpg;e?mglre F|)nelrJfS ugar\tgnte E’Egll|c;tligpl\rlg i one
2008/0269532, hereby incorporated by reference in its entirety.

This application includes ternary azeotropic or azeotrope-like
compositions consisting essentially of (a) Z-FO-1336mzz, (b) trans-1,2-
dichloroethylene, and (c) a third component; wherein the trans-1,2-

20  dichloroethylene and the third component are present in effective amounts
to form an azeotropic or azeotrope-like mixture with Z-FO-1336mzz.
Examples include compositions where the third component is
cyclopentane, methanol, dimethyoxymethane, methyl formate or perfluoro
ethyl isopropyl ketone

25 By effective amount is meant an amount, which, when combined
with Z-FO-1336mzz, results in the formation of an azeotropic or
azeotrope-like mixture. This definition includes the amounts of each
component, which amounts may vary depending on the pressure applied
to the composition so long as the azeotropic or azeotrope-like

30 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 the compaositions of the instant invention which form



By effective amount is meant an anount, which, when conbined with Z-FG-1
336nzz, results in the formation of an azeotropic or azeotrope-iike

m xture. Whi2e1odsiseni tion includes the amounts of each ceeparseo/o4ouss ch
anounts may vary dependi ng on the pressure applied to the conposition so

|l ong as the aaamitrapin or arectrgetiepeorhpdsitiowPOSigepratireoot predgutcd exi st at

the different_pressures, bu i th possible different boiling points.
Ther ef ore, ef?@@f %?rﬂﬁ?ﬁ”tqeﬁé?‘ﬂ@s t he amounts, such as may be expressed

in weight or mole gef in 86 cPESh RBRERETrModily SUPISHHARS Of the

I nstant i nvention which™ ormzeotropic or azeotrope- 'ons at
t enper at ur es driwer @rsvarediffetdnd contpameats wiisbr whed iméqeitiforrdsintecagni zed in

h t, t ' . Lot ' . adm xture of t or re different
Component © wiT LR PORRSHE IV a4 SrRATIALY CaNYROEITTHRERP N | 1 boi | at

a substanti al provicis vapdr SENBSSIREMESsANBIPIGRAHES B (MERRErANMRASI tion
essentially i%ent I cal é;?% the overall 1i qu?d conposi tion undergoi ng boiling

(see, e.g., MOMPOSkKpRphGergeNAPFEINgHBefs.gCdhdefPohertDesd hFof

Distillation Qusleng, ' Yor k) 001 185-186,. 1- 359).

Const ant boi Ilﬁég coﬁgggﬁu%ﬁ?%@ %ﬁyﬁ%‘?ﬁ%ﬁer&% @?é@‘?’%ﬂ“zﬁﬁ@cause t hey
exhi bit ei t heYork), @00 1MUBE01867i351 FBHB) b @dristht pilitlg mpdstichsxdrer e rel ative
to the bailin e‘;‘%gi nts of the neat conponents at constant pressure, i.e., a

maxi mum o ni Riepged PR gepeirApIcikecabse inayexHoik efiheta BraxiBHpoi t} on
boi | i I Nt B ' ' 1 o]
corponents |t senObyRRG PR o I Aude (R e10 e bBRNG pol A bl B

char act er i zedndat commariemisrabcorstandxiressareni.¢.he nvapeunpoessninginef t he
m xture relatjiv

T R Bal S Yo e Bl S Sy BRI S B by Corst o
Pore Trach) oSt o8 SRR Ge Fachoflor SamneNBAL S cBRLREIE 0T, O
feat ures 1§ ahzepteanie epmposidapoare alsa maeacterizéd by a minimum ora
maximum in the vapor pressure of the mixture relative to the vapor
pressure of the neat components at a constant temperature, i.e., a
maximum or minimum vapor pressure is observed in a plot of composition
vapor pressure at a given temperature as a function of mole fraction of
20  components in the composition.
Accordingly, the essential features of an azeotropic composition are
that at a given pressure, the boiling point of the liquid composition is fixed
and that the composition of the vapor above the boiling composition is
essentially that of the overall boiling liquid composition (i.e., no
25 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
pressures. Thus, an azeotropic composition may be defined in terms of
30 the unique relationship that exists among the components or in terms of
the compositional ranges of the components or in terms of exact weight
percentages of each component of the composition characterized by a

fixed boiling point at a specified pressure.



that at a given pressure, the boiling point of the liquid conposition is
fixed and that the conposition of the vapor above the boiling conposition
i s essentwal2by/tsiestt of the overall boiling |iquid conmpo®Criusno10io4@s4 no
fractionation of the conponents of the |liquid conposition takes place). It

is al so recogni zedrdmhehrirgdde bithls iBOEMidH anPidotrdge MiRe onditsitidie Wei ght
percent ages of each conponent of the azeotropic conposition may change when
t he azeot r opi BEBBHPFAMRARIIGrsthat bpbavasdikeoamazeetrpiacoappsisiartte.pr essur es.

Thus, an aze | |1 - ' i ni.que
ol'at i onsh: p oA it BB e 608 IR o i dhadiore ybih
corrpositionalbaihmesemdpdrbﬁom)oﬁmmh,tis:ring bbhingerrrmﬁpbramt;the/\?%ﬂt i ed
er cent ages of ch conponent of the conposition characteri zed a fixe
Eoi ling g i ntar&fﬁ%'gﬁ Hqsg’éi’”ﬁr gy eh il erﬂﬂ%@m&ftotaﬁﬂg“ﬁﬂﬁ{‘érnt ion, an

azeotr ope- |1 kadligighosiien THRASSo BeCRiRaAsidal With hbAlazBBlaNESKkL ! ke an

azeotropic conposition (i.e., has constant boiling characteristics or a
t endency not campesitiensonavkico sloinng dicilinggprevapesatimnathcovdporidenimuidiur i ng

boiling or ev td. t he vapor and lLiquid conpositions, if they change
at all, changcgo?ﬁ‘%@h@gg %h%ﬂ%ﬁ?aﬁs ?Sqﬂ%tbql%%‘?ee extent. This is to be
contrasted with nomn azestéihké bEMpESINBATRhIMISbE BhMHcETAA by @ePoi | i ng or
evaporation, the vapor and |iquid conpositions change to a substanti al

degree. AR a681bpEsEdiacenbimbis MRsMWRET Aisnuye hofimgaraiet inzeplobyf t he ar ea

that is adjac : maxi 1, 0| | ] |t _d | ot of
conposi tion boi P‘%ﬁ“%?ﬂ'{"ﬁ%wgﬁ)\%‘e@% é@s@ﬁpgé %ésaguﬁﬁl?&(?fgﬁo%ffp%&ogl .
fraction of cafrqpomsorients m theeonawgEitiur. | Mencdjemetherathakdsterishosfaat eri stic of
an azeotrope-lik &%g%sition,i_s that there is a range of conpositions

P

cont ai ni ng_ t H¥#§ | aﬂonmbﬁtt af heaisyd NG PSONMRHOSver whi ch the
onehanger ik SSTRATEE oo AL UL MRIDEARSNIRAT) .
area t hatldi s kadlirge point obthelmmposithmaia giveni prassweaposulpstassaie in a pl ot
unchanged.
An azeotrope-like composition can also be characterized by the
area that is adjacent to the maximum or minimum vapor pressure in a piot
of composition vapor pressure at a given temperature as a function of
20  mole fraction of components in the composition. Hence, another
characteristic of an azeotrope-like composition is that there is a range of
compositions containing the individual components in varying proportions
over which the vapor pressure of the composition at a given temperature
is substantially unchanged.
25 Additionally, azeotrope-like compositions exhibit dew point pressure
and bubble point pressure with virtually no pressure differential. That is to
say that the difference in the dew point pressure and bubble point
pressure at a given temperature will be a small value.
It was found through experiments that Z-FO-1336mzz, trans-1,2-
30  dichloroethylene and cyclopentane form ternary azeotropic or azeotrope-
like compoaositions. The azeotropic composition consists essentially of
about 58 weight percent of Z-1,1,1,4,4 4-hexafluoro-2-butene, about 22
weight percent of trans-1,2-dichloroethylene, and about 20 weight percent
of cyclopentane. It has the boiling point of about 29 °C at about
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of conposition vapor pressure at a given tenperature as a function of nole
fraction of conponents in the conposition. Hence, another characteristic of
an azeot repesiwiksessgonposition is that there is a range ®CTASAPOSIEISONS

contai ning the individual components in varying proportions over which the

vapor pressuratnudsphleic preguse (107 Ria)aTHe beBot PR kS Y PosBioRWemsRl i al |y
unchanged. Additi gnall azeotraope-like conpositions exhibit dew point

pressure and %‘i?@&ti@“)bﬁﬁﬁ’mp?%%@ﬁéo\ﬂbpﬁf P N‘tﬁlmtlgerﬁ@tpﬁ&%dnb4d1i,4-};elroglnt i al .
. . . . .
Tt S LD okt 2L g L Y PR R oo

point pressure at a given ténperature W !
t hrough exper1 2editislotdethy|Zné@riBB6meahoult Raosbbut 83 wlight! pereeitofl ene and

I t f t tropic . or azeotropelike conpositions. The
rcot T opi o coNBBHA O dLfies §Ro/BGIMIT Al GPodbelt C46 AREHGH "Rt cent of

2-1, 1, 1 ,d4edsdrlsPeiduanr gsigut ene, about 22 wei ght percent of trans-1
, 2-di chl oroet hyl ene, and about 20 wei ght percent of cyclopentane. It has

t he boiling point lbWwastfound tgoogh &Kpalﬁinanmﬂlab_ﬁ#’r'lf!?4163]?n;msmani-(ﬂ% :7))4p£si a) .
i It [ : entia rom abou o]

The 150l O GRTRR AT ) S350 Al Pl PR

about 13 to admsitropic veagivtrapRLif@boribodifichis-THe 3z&biFdYiOEaRhBYkiBRe. and

fromabout 2 to about 53 weight percent of cyciopentane. It has a boiling
poi nt of 0 orhashiebailinmeoinbobaenit 380’ G et alout atineseheric presabsut!414. 7 psi a.

d L8 7 F . -1, 2.
£ s o 44019 SAOSCHETRLS b EQA RORTEE A 0Tch o 30
azeot r opi ¢ ortoaent 78peeighkeerconpefsd-t Qng, 4 Frexatgoio-DPuterzOMRASI ti on has

t he boili i nt _of abou 0 OC at about atnospheric pressure (14.7 psia).
The azeot ngga%q é%éer?g@«y}f?gmg'&wpgrﬂt fdeanse 1 drdighlefoethdenasng 36 to

5o ahour SETRRGRTOShat S0 bigk brte N AT RIS elg 2o
about 1 t16 aband haee aebgiling peint ehabait 3kTE btanvesduny lof Bbopr thY Ipsket one
It was found through experiments that Z-FO-1336mzz, trans-1,2-
dichloroethylene and methanol form ternary azeotropic or azeotrope-like
compositions. The azeotropic composition consists essentially of about 70
weight percent of Z-1,1,1,4,4,4-hexafluoro-2-butene, about 27 weight

20  percent of trans-1,2-dichloroethylene, and about 3 weight percent of
methanol. It has the boiling point of about 29 °C at about atmospheric
pressure (14.7 psia). The azeotrope-like composition consists essentially
of from about 60 to about 72 weight percent of Z-1,1,1,4,4 4-hexafluoro-2-
butene, from about 23 to about 28 weight percent of trans-1,2-

25  dichloroethylene, and from about 1 to about 16 weight percent of
methanol. It has a boiling point of from about 29 °C fo about 31 °C at a
pressure of about 14.7 psia.

It was found through experiments that Z-FO-1336mzz, methyl
formate and trans-1,2-dichloroethylene form ternary azeotrope-like

30  compositions. The azeotrope-like composition consists essentially of from
about 18 to about 60 weight percent of Z-1,1,1,4,4,4-hexafluoro-2-butene,
from about 17 to about 64 weight percent of methyl formate, and from
about 18 to about 23 weight percent of trans-1,2-dichloroethylene. It has a
boiling point of about 31 °C at a pressure of about 14.7 psia.
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and have a boiling point of about 30 OC at a pressure of about 14.7 psia.
It was found through experinents that Z-FO 1 336nez, trans-1 ,2- .

di chl or oewbybevisissad net hanol formternary azeotropic oPCaasetwopEsdike
conposi tions. The azeotropic conposition consists essentially of about 70

wei ght percent of lthsf&undIm"oﬂgﬁehpéﬁmbﬂwma?Zhl(DEI'IB%Brr?ﬁOUt 27 wei ght
per cent of tr % 2-di chi oroet hyi ene, and about ght percent of

net hanol . W@’”&@hﬁpﬂ@nﬁdﬁﬂs bE-digrdaroetioylee Brtrrratﬁﬁmryeamﬁ phReric
pressure (14 Iﬁ(eoc?drﬁbo itldVes. %@, e%ﬁ?pglif&g %@ig%Siﬁg%fgéﬁtla?@so?m ially

of from about 60 to out per cent
, 4, 4, 4- hexaf |fu@”rrlcﬁt2)utbdoa’wut ﬂ?mvalgﬂlicpﬂrc@r& df@-adott, L 8-heralindroper cent  of

t 1 hl oro | en an f aboyt 1 to about 16 wei ght percent
01[ axt han% d?lfcteﬂgs t%%quitﬁét innl §$]"‘fer’ PEpeRItt 53@@@*&@53@@8@%3 1 0C at
a pressure ofa@bayin ddout 1%I@eodtt18w@§ hoperd ehhéﬁhﬁﬁé &MEFFBHt ibhat Z-FO-1
336nezz, nmethyl formate and trans-1 2 di chi or oet en ormte ary

azeot r ope- | i kiéhagadeniling peist offaleod Ado1G ebeprdawr@oﬁpbswtt‘i&bﬁ psnmm sts

essentially of fr erce

is4 4, 4- hgxafl uo(r)gm%gggétggﬁ %??g%&E ﬂ(feﬁorﬁgog 8'1] Ogﬁjev@maﬂ’f' percent of
met hy| fornntmvelatﬁuh tarobe phepdred byt dnyeduivieniht WRtHHE mwdi mighgtdrans- 1

, 2-di chl oroeth | ene. It has a boi I i ng poi nt of about 0C at a pressure

of about $4. 7€ 'P'é]'rlgcthﬁé%eSFrGGrﬁﬂ"@Wﬂtéd@wf‘@@@bpﬂlﬂmrﬁOtfh‘as Irzﬁelnﬂms%{rzz .
ropel i Ke
Conmposi 11 ons EAHeL bl of 82trabeli® CMGSARTXATBE o SoPeb TARBBAENRG: °Fr o

about 1 to abdesiretifcomep@ient penamens anfl tHerbaftedcombininy thefn hexaf | uor o- 2-

but ene, from about .35 to,about 99 wei ght percent of dinethoxynethane, and
from about 1 QQP'“QBB@F?CP@%%N percent of trans-1 ,2-dichloroethylene. It

has a boiling poi "Fhé’fazé’é’c%ﬁlc br 2z85trHe-fdb 5ot of’ﬁ’%‘ﬁr $dnt/ psia. The
GHmPR

azeotropi c or azeotrope-I1Ke conpositions 0 e present 8VeMti on can be
pr epar ed 1§y dnyentinnear bawsadumedmdaa:am@b o@amlbcahgnsmnciudlhgrthelg ukbe desired

amounts. 1n Oé%eagr[gggpprn%e Iar%s rerellléserhrq%/segttallvents, cf?eanlng 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,

20  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

25  azeotropic or azeotrope-like composition consists essentially of (a) Z-
1,1,1.4,4,4-hexafluoro-2-butene, (b) trans-1,2-dichloroethylene, and (c) a
third component, wherein the trans-1,2-dichloroethylene and the third
component are present in effective amounts to form an azeotropic or
azeotrope-like combination with the Z-1,1,1,4,4,4-hexafluoro-2-butene.

30 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
or azeotrope-like composition in the vicinity of the body to be cooled,

wherein said azeotropic or azeotrope-like composition consists essentially

8



azeotropi c or azeotrope-like conposition can be prepared by wei ghing the
desired conponent anmounts and thereafter combining themin an appropriate
cont ai nerwOBhB/15188t r opi ¢ or azeotrope-|ike conpositi on®Cofuseée/opriesent

i nvention can be used in a wi de range of applications, including their use

as aerosol prafya) lZa’hﬂsl,,4,4ef—hém‘hmn®$2,r-]bl$tehd,ﬁ(fbi)&an@l‘!(?%@'zdgﬂlor@@ﬁyzé}e,b' oW no_
agents (foam expansion agents) for thernoplastic an ernoset foans,
t?ansf eE rredi%ﬂé)&i@etgﬁg Cg’m bivRerein the t@&srhaum@mpwﬂa)ﬁan%apgrt{mm on
agents, power ' ks A ey i te
rgrmval 1I‘O | ui d@@?gﬁrji/&g{elﬁ; Ia% %iéébﬁﬁwf%gﬁ g%r?am veg:Eatbg]?rra\';}j]ser,?}1 gn%tmpgﬁpgcerrent
dryi ng agent s2Zeof@perikediamipinatidn withdhe dvienit,4d bhexaftlesc-2-puteness for

[ th ti i her et .foam The process conprises using an
B cotr op & or azedtiaPE! FribeeBRoR ar diveadon REPUHFRG Pgerts USHeRS: n sar d

azeotropic oramw@maiédmp@qmqﬁrﬁ;bmﬁcﬁp@éb%foﬁfe(?ﬁ,%ﬁmﬂew %éﬁdOf (a) z- 1,1
, 1 ,4,4J4-hexafl uoro-2-butene, (b) trans-1 ,b2-dichloroethylene, and (c) a
third conponetREOURRK @1 azadereriescompasitirceonsiseesgertiadlyaida Be third
conponent ar re i fect to,form an. azeotropic, or

azggt rope- | i ﬁéwgd%%g%g%@ovr\ngt b%ﬁggg@g%%? 122 ,d?ﬁhie,’@?méfi%ﬁﬁ: @SBJ-C)Z@but ene.

Anot her enbodhirdmongfonieht, swhigre@nthearans- DRidleso e R6es 8nd e BiRduUci ng
refrigergtion. The process conprises. condensi ng an azeotropic or

azeot rope~l i KRR PIF BIPSERd I Ade@Prasnowa S fa AR azapiiorizest r opi ¢ or
azeot rope- |1 keydoepasike! ilifafidiPuith tha 7ty 1914 kLB 008 1ERE! ed-
eot |

wherein said az opli c or azeotrope-11Kke 'congosition co
essential | yof (a) Andtheremboditnehtsf ties afventivn-pRevidesagroédys for ans- 1
, 2-di chl or oet h§| ene a thir onent, wherein the trans-1

: and rﬁcgl t g &2 S ng an i
' 2-di chl or oetHYHEAEY 20P§ & tHPHYCle bRp B HOBRIIEELIHNG A @fl?@@l‘@ﬁ)ﬁe -
L S A e R o oo o LR S bl o Tom
provi des 18 prazeeyopadikagonmasition cusists essentizdy o6 &) Zi1kb 1 gofygosi ti on as a
sol vent, whenglnasald hutene, (b) trans-1 2-dichloroethylene, and (c) a third
component, wherein the trans-1,2-dichloroethylene and the third
component are present in effective amounts to form an azeotropic or
azeotrope-like combination with the Z-1,1,1,4,4,4-hexafluoro-2-butene.
20 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
of (a) Z-1,1,1,4,4,4-hexafluoro-2-butene, (b) trans-1,2-dichioroethylene,
and (c) a third component, wherein the trans-1,2-dichloroethylene and the
25 third component are present in effective amounts to form an azeotropic or
azeotrope-like combination with the Z-1,1,1,4,4,4-hexafluoro-2-butene.
Another embodiment of this invention provides a process for
extinguishing or suppressing a fire. The process comprises using an
azeotropic or azeotrope-like composition as a fire extinguishing or
30  suppression agent, wherein said azeotropic or azeotrope-like composition
consists essentially of (a) Z-1,1,1,4,4,4-hexafluoro-2-butene, (b) trans-1,2-
dichloroethylene, and (c) a third component, wherein the trans-1,2-

dichloroethylene and the third component are present in effective amounts



azeotropic or azeotrope-like conposition consists essentially of (a) Z- 1,
1, 1 ,4,4, 4-hexaf!luoro-2-butene, (b) trans-1 ,2-dichioroethylene, and (c)
a third cwoporeérsige4awherein the trans-1 , 2-di chf or oet hyl ece/tsealowiness hi r d
conponent are present in effective anobunts to forman azeotropic or

azeot r ope- | i ke forniznredeotropiv ériaddotrogelike chmbidatich @it thezaf i uos a-£2- but ene.
Anot her enbodi nent of .this invention provides a process for producing an
aerosol produt®*@ HE)'B‘ conpri ses using an azeotropic or
azeotrope-like conpesthtl OMBRS; r i i ' | eol:Lopil.c or
azeotrope-like conposition cowz?rgtdsm@és'@;rﬁqugma\gpgi %)ad@g%zs, %IF@% 4, 4-
hexaf | uor o- 2-areodep|c ¢rezeotmaps-like, @nipadiicr astiyeatnies, vardeinsaid third
component - wherein the trans-1 .2-dichl oroethylene and.the thjird conponent
are pr es_eét i%egipg&q.Qrv%zegﬁggﬁfl@(etqpmw%c ? espeRiElY ofidblr ope- 1 i ke
conbi nation wi th 4 ket-Resdaflucto-2lbdtefle A0l ankl UoldieriorBeiRshe, ARALBEL

enbodi ment of this invention provides a process using an azeotropic or
azeot r ope- | i KBiIrd sepwsinenbivhesein thedtansr hagdiehlorastindenavand dhanthsiai d
azeotropic or = | LLion consists essentially of (a) zZ-1,
O O 4, 2 MR b E LB eiEng 1S T B ParoBemiticEne, “and (cf

a third conpaamutropetikeeiombihatidr @is tHe Z2t dj1chUor-petdnlese-srdnghe third

conponent, are present in effective anmounts to form an azeotropic or

azeotropd¥l i ke confPRuEPRPCISANE amogiments have been desgciedabaysrand- but ene.

Anot her enbodjg&n L St b Wl Vi des f Qe | ngui shi ng

or suppressing a %l}ﬂgi#ﬂ@aﬁ%@@?@?@g%&ses Jg?%ggﬁg}fgﬁﬂ?%% or

azeot r ope- | i ksXileshqrtisans apprasiade thatetestt aspgatsimbgmbodiuemeessi on agent ,

wherein said azeqgtropic or azeotrope-like conposition consists essentially

of (a) z-1 , 1p°,3fﬂ?,"ﬁ,"‘ﬁtl,hﬁyﬁ%§%ﬁ 'G%FFSFMW%P@, ofths invegligns | 2-

di chl oroet hyi ene, and (c) a third cqewempiiss Wherein the trans-1 ,2-

di chl oroet hyl ene and the third conpdénent are present in effective anountsto

form an d2eot r opi cThe cencepts deecribekdearoirbivitiate forther desdrivedanthd , 1 , 4, 4, 4-

B?é?;lsgolrjgi' ﬁgggéﬁi%'e)éﬂﬂoﬁlgs%rwﬁgg %glnr}ErI}FnitotBéts%B%e Iort‘]\t/ﬁaen|In|v8rr1]ti(§)nr ovides a
described in the claims. Unless otherwise stated therein, all

percentages are by weight.

Example 1 - Cyclopentane

20 Example 1 demonstrates the existence of azeotropic or azeotrope-
like compositions formed by Z-1,1,1,4,4 4-hexafluoro-2-butene, trans-1,2-
dichloroethylene and cyclopentane. An ebulliometer equipped with a
thermometer was charged with 20.0 grams of a mixture (72.1 wt% Z-
1,1,1,4,4 4-hexafluoro-2-butene and 27.9 wt% trans-1,2-dichloroethylene)

25  and then cyciopentane was added in measured increments. The boiling
point temperatures of the resultant ternary mixtures at about 14.7 psia
were measured and recorded (see Table 1). Temperature depression was
observed when cyclopentane was added to the Z-FO-1336mzz/trans-1,2-
DCE mixture, indicating a ternary minimum boiling azeotrope was formed.

30 At about atmopsheric pressure (14.7 psia) the ternary azeotropic
composition was found to have about 20 weight percent cyclopentane,
about 58 weight percent Z-FO-1336mzz and about 22 weight percent
trans-1,2-DCE and have a boiling point of about 29 °C. From about 2 to

about 53 weight percent cyclopentane the boiIIng' points of the resultant

10



azeotropi c or azeotrope-like conmposition as dielectrics, wherein said
azeotropi c or azeotrope-like conposition consists essentially of (a) Z- 1,1
, 1,4, 4, Wohewafshgsar o- 2- but ene, (b) trans-1 , 2-di chi or oeChysesne/o4@nd (c) a
third conponent, wherein the trans-1 ,2-dichloroethy!ene and the third
conponent  ar eeprageniktures ehdegdd beaBomunesS of tedsOTHE8E caF@OLItiOAEC Of
azeotrope-li lﬁe combination with the Z-1 ,1 ,1 , 4,4, 4- hexafl uor o- 2- but ene.
Many aspects ee%%f?ﬁﬁﬁ%otm@é‘k@éﬁﬁpﬁ@%quﬁéH“%tb%%&e-and are merely
exenplary and not limting. After reading this specification, skilled
artisans appreciate that other aspects and enbodi nents are possi ble w thout
departingsromthe scope of the i nventiaﬂq. 1EXAI\/PLES The concepts descri bed
herein wiI'l be further described int owi ng exanpl es, which do not
limt the scope.of the.in e} escribed in the clains. Unless otherw se
stated therei ﬂfmgrpg L’BEF%Q%E%@E&Q%@ raﬁeﬁ"bﬁtpé yRiprentane Mixiupgfent ane
Exanpl e 1 denpbnstrates the existence 7 ®sbot ropi c or azeotropelike
conpositions fornmed by Z-1 ~"~-hexafl uoro”-butene, trans-1 , 2-

di chl or oet hyf ene and cycl opent ¥%fieZ-FAh ebul Wthrteaner!,2zqui pped with a

t her momet er  was%chyaiepentaiet h 203868%2zans of a MASE ure (78’?TPWW€(°C)1, 1,1
4,4 | 4-hexaf | uor 0#?but ene and P59 wt % t r angZ40, 2- di cht or #8tohyl ene) and

t hen cycl opent ane e added in ®&ured i ncredBfAfs. The boi I29%g poi nt
temperatures of th&4®sultant te3Bry nixturedtft about 14. 298sia were
neasured and recor #e8P (see Tabl egggo . Tenper a3f& depressi o’®®as observed
when cycl opent ane W&$! added to t¥e2z- FO- | SS m22h€rans-i ~- D@81 xt ure,

i ndi cating a ternafy*hi ni mum boi¥GWg azeotrop@'#ds formed. A91about

at nopsheric pressufe’{14.7 psia)®k%%e ternary &2&btropic con@dgition was
found to have abouf290 wei ght pet®e®nt cycl opeﬁ?-gﬁme, about 589%gei ght percent

Z-FO-1 336nzz and &b&ut 22 wei ghté-Per cent 17. 29.4
41.95 41.79 1625 29.7
45.42 39.30 15.28 29.8
48.98 36.74 14.29 29.9
46.32 38.65 15.03 30.1
50.90 35.36 13.75 30.2
53.07 33.79 13.14 30.4
10

Example 2 — Methyl Formate

Example 2 demonstrates the existence of azeotrope-like

compositions formed by Z-1,1,1,4 4,4-hexafluoro-2-butene, methyl formate

15 and trans-1,2-dichioroethylene. An ebulliometer equipped with a
thermometer was charged with 20.0 grams of a mixture (72.1 wt% Z-
1,1,1,4,4,4-hexafluoro-2-butene and 27.9 wt% trans-1,2-dichloroethylene)
and then methyl formate was added in measured increments. The boiling
point temperatures of the resultant ternary mixtures at about 14.7 psia

20  were measured and recorded (see Table 2). From about 17 to about 64
weight percent methyl formate the boiling points of the resultant ternary
mixtures were unchanged. The compositions hence exhibit azeotrope-iike

properties over this range.

25

11



trans-1 ,2-DCE and have a boiling point of about 29 0C. From about 2 to
about 53 wei ght percent cycl opentane the boiling points of the o
resul t antwernuvisissitxt ures changed by about 1 OC or | essPCThSs@0OMTBOSI tions
hence exhibited azeotrope-like properties over this range. Table 1 Boiling
Points of Z-FO 1 336nez/trans-1 ,2- DCHfBkspopent ane M xtures at 14((7)C|)05|2a14
wt % Z- FO wto/tran 1,2- W% cIo entane 1336nzz DCE nper at ure
70. 46 27. 40 3BOHNG P fé@fz??':@c}/@ﬁng@ﬂ%a@ﬂziZGD@ﬁ/M@thf@'mazg Mixtuseset 60. 70
23.61 29.2 19.41 58.02 22.56 29.1 23.?%7%;1%0 2 1.43 29.1 27.71 52.05 20.24
29.2 32.01 48.95 19.04 29.3 35.83 46. .97 29.4 41.95 41.79 16.25 29.7
45,42 39.30 15.28 29.8 48.98 36.74 14.29 29.9 46.32 38.65 15.03 30.1 50.90
35.36 13.75 30w2%3tby f@Bhaitd 18t%l2-FBA.3d6Haanpht®,; #ans-YBDOE! Fehipetsursx@npl e
2 denonstrates the éxPxdtence of azéeszope-|i ke coppesitions formed by Z-1 ,
1, 1 ,4,4,4-hexafl 6b®- 2- but ene, @ebhyl formate aneh trans-1 314
, 2-di chl oroet hyl eneZ7.#n ebul | i onet é2.2é€qui pped wi t hd.a&1 t her nonet er31was

charged with 20.0 gBafs of a m xtuke1372.1 wt% Z-14101 , 1 31.4
An-hexaf | uor o”- but eA®3and 27. 9 wt 9#T-2ans- 1 , 2- di ch$.8% oet hyl ene) 314
51.52 34.05 14.43 31.4

53.52 31.50 14.99 31.4

56.90 27.17 15.93 31.4

60.38 2272 16.91 31.4

5 63.72 18.44 17.84 314

Example 3 - Methanol

Example 3 demonstrates the existence of azeotropic or azeotrope-
10 like compositions formed by Z-1,1,1,4,4,4-hexafluoro-2-butene, trans-1,2-
dichloroethylene and methanol. An ebulliometer equipped with a
thermometer was charged with 20.0 grams of a mixture (72.1 wt% Z-
1,1,1,4,4,4-hexafluoro-2-butene and 27.9 wt% trans-1 ,2~dichioroethylene)
and then methanol was added in measured increments. The boiling point
15 temperatures of the resultant ternary mixtures at about 14.7 psia were
measured and recorded (see Table 3). Temperature depression was
observed when methanol was added to the Z-FO-1336mzz/trans-1,2-DCE
mixture, indicating a ternary minimum boiling azeotrope was formed. At
about atmopsheric pressure (14.7 psia) the ternary azeotropic composition
20 was found to have about 3 weight percent methanol, about 70 weight
percent Z-FO-1336mzz and about 27 weight percent trans-1,2-DCE and
have a boiling point of about 29 °C. From about 1 to about 16 weight
percent methanol the boiling points of the resultant ternary mixtures
changed by about 2 °C or iess. These compositions hence exhibited
25  azeotrope-like properties over this range.

30
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and then nmethyl formate was added in measured increnents. The boiling point
tenperatures of the resultant ternary mxtures at about 14.7 psia were
nmeasur ed woaoreeseseded (see Table 2). From about 17 to alowtuseeiomeiight
percent methyl formate the boiling points of the resultant ternary m xtures
wer e unchanged. The conpositions hencergybisbit azeotrope-iike properties
over this range. Tabie 2 Boiling Points of Z-FO 1336nzz/trans-1

, 2- DCE/ Met hyl f @y & A W r %

2 FO 1336mEy Wt %dt"r”%’%ﬁéﬁéﬁcﬁﬁ%@?‘éjfﬁ?’ggﬁ BoEhiPtha dImBLRstel) |, 14 2
54.54 2 1,21 31.4 27.45 52.24 20.31 31.4 J@ 77 49.13 19.10 31.4 34.37 47. 25
18. 38 31. 2 51.52 34.05 14.43 3 Ojlzng%] 52 3 1.50 %4. 99 3114. éx56. |90 :237. 17
15.93 31.4 60.3 6.91 31, ? .72 18,44 1 - ) a e -

%t%%" fifand P %exi st\zfﬁéga%ﬁ”’g;ﬁggt r opl @ Rgfeture

Met hanol Exanpl e enonstrat es

azeotropeli ke co ot 1 ons for Z-1,1 , o4, 4, 4- hexa
trans-1 ,2- di chrg?g‘;ei hyl ene ag? '%gfhanol . Ani?' :’I | i onet er
' ans of aznlrida/ure (72.1

r o- 2- but ene,
pped with a
Z- 1,1, 1

when net hanol was

thernoneter was chajged with 20,0, 1 _

, 4, 4, 4- hexaf | uor o-2zHut ene and 2 7 oyvt%trans42-6]73u"2-d| chloro | ene) and
t hen net hanol was A ed in ITE&SHE.Q;I ncr enment .'4 fo‘ne boi l'i ng nt

t enper at ures of tr@sz{oosul tant ter fy m xtur 1%% about 142 ia were
measured and recorﬁg‘{e(see Tabl g’ Tenper at}if e, depressi on_ ¥ observed

d to the Z  1336mez/ (AL 1, 2- DCE 250

11.53% 63.70% 24.77% 30.20
13.35% 62.39% 24.26% 30.60
14.23% 61.75% 24.02% 30.80
15.09% 61.13% 23.77% 30.90
15.94% 60.52% 23.54% 31.00

Example 4 — Perfluoro ethyl isopropyl ketone

10
Example 4 demonstrates the existence of azeotropic or azeotrope-

like compositions formed by Z-1,1,1,4,4,4-hexafluoro-2-butene (Z-FO-
1336mzz), trans-1,2-dichloroethylene (trans-1,2-DCE) and perfluoro ethyl
isopropyl ketone (F-ethyl isopropyl ketone). An ebulliometer equipped

15 with a thermometer was charged with 20.0 grams of a mixture (72.1 wt%
Z-1,1,1,4,4,4-hexafluoro-2-butene and 27.9 wt% trans-1,2-
dichloroethylene) and then perfluoro ethyl isopropyl ketone was added in
measured increments. The boiling point temperatures of the resultant
ternary mixtures at about 14.7 psia were measured and recorded (see

20 Table 1). From about 1 to about 50 weight percent perfluoro ethyl
isopropyl ketone the boiling points of the resuitant ternary mixtures
changed by about 1 °C or less. These compositions hence exhibited
azeotrope-like properties over this range.

25
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m xture, indicating a ternary mnimm boiling azeotrope was forned. At
about atnopsheric pressure (14.7 psia) the ternary azeotropic conposition
was foundwoaotwmsessabout 3 wei ght percent nethanol, aboulCTUSaE0gtISper cent
Z- FO 1336nzz and about 27 weight percent trans-1 ,2-DCE and have a boiling
poi nt of about 29 0C. From about 1 to Edislgi4 16 wei ght percent nethanol the
boiling points of the resultant ternary m Xtures changed by about 2 0C or

| ess. These co Hip . Y 1Z €0 by i over
this range. Tab?’g%bgg@?%%ﬁ?ﬂﬁ@?&!}%ﬁ%ﬁi @ft%tgg'ﬁs“?ﬁ’%?@%@b& hanol
M xt ures af 14.7 psia W % Z- FON % L& anol ez W% trans-1, 2- DCE
Tenperature OC 0.00% 72,00% 28. 00% 30. 00_ 1. 17% 71. 16% 2tz. 67% 29 éLO 3.a43%
69. 53% 27. 04% 2% Ry fsodrihyPiae k%0 26. EB/&% 5. sggpagg%’%g/ 6. 43 %‘E%a;gff
6. 64% 67. 22% 26. 14% 29. 60 "8. 66% 65. 77% 25. 029.6 . b 65. 06% 25."30%
29.80 11.53% 63. 70% 24.,%7% 30. 20 13. 35% {2, 39% 24. 26%.30. 60 14. 23% 61. 75%
24.02% 30. 80 15, 09% 61.g%3% 23. 77% 30. 90 o, 94% 60. 52% 3 54% 3 1. OLL'Exanpj e
4 - Perfluoro ethyl isppgopyl ketone Exayple 4 denonst gt es t he exi sl ence
of azeotropic or azeotgppelike conpositigns formed by =, 1,1

29.6

, 4,4, 4- hexaf | uor o- 2- bug&ge (Z- FO 57 0 29 9 29.6
25.1 53.9 21.0 29.8

29.0 51.1 19.9 297

36.5 457 17.8 29.9

43.4 40.7 15.8 30.1

47.7 37.7 14.6 30.4

51.9 346 13.5 30.6

10 Example 5 — DMM

Example 5 demonstrates the existence of azeotrope-like
compositions formed by 7-1,1,1,4,4,4-hexafluoro-2-butene (Z-FO-
1336mzz), dimethoxymethane (DMM) and trans-1,2-dichloroethylene

15 (trans-1,2-DCE). An ebulliometer equipped with a thermometer was
charged with 20.0 grams of a mixture (72.1 wt% Z-1,1,1,4,4,4-hexafluoro-
2-butene and 27.9 wt% trans-1,2-dichloroethylene) and then
dimethoxymethane was added in measured increments. The boiling point
temperatures of the resultant ternary mixtures at about 14.7 psia were

20 measured and recorded (Table 5). From about 35 to about 99 weight
percent dimethoxymethane the boiling points of the resultant ternary
mixtures were changed by less than about 2 °C. The compositions hence

exhibit azeotrope-like properties over this range.

25
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1336nzz), trans-1 ,2-dichloroethylene (trans-1,2-DCE) and perfluoro ethyl

i sopropyl ketone (F-ethyl isopropyl ketone). An ebullioneter equi pped with
a t her nrorw0eniviasssahar ged with 20.0 granms of a m xture @TCZ/UB20W8M5L , 1
1 ,4,4, 4-hexaf[uoro-2-butene and 27 9 wt % trans-1 , 2- dichl oroet hyl ene) and
t hen perfluoro ethyl isopropyl ketoneTabte 8dded in nmeasured increments. The
boiling point tenperatures of the resultant ternary m xtures at about 14.7
psi a were meaBoilieg Paitls bt ZF OB 365E/DRIM/Gahs-1. ZBGETW)QQPESQ{‘PPT?Q%“ 50
wei ght percent perfluoro ethyl isopropyl ketoné the boiling poi'nts of the
resultant ternary m xtures changed by about 1 0C or Iess These

h K Tegn, et hi
oo abi oo LR RVAE A £EoRESMC0 Gel R B RE L EISET TS

| sopropyl Ketone;M Xt ures at45]94 7 psia w% %wt%Terrpsrature F- et hyl
i sopropyl ketone §.3 27.3 30.3 8.8

-FO- 1 336 zsztrans 1,2-DCE ( 0C) 2.3
65.7 25.5 29.9 1 62924% 98161601423.5 29.6% 9 57.0 22.2 29.6
25.153.9 21.0 23,8 29.0 5 1.0, 1 19.9 29.7 .5 45.7 1798 29.9 43.4 40.7
15.8 30.1 47.7 34, 14630%35193461 30. 6 Exarpfe 5 - DWW Exanpl e
5 denonstrates t, ﬁoem stence (af azeot r ope- I00 e corrposit4i2éns formed by Z-1

1, 1,4, 4 4- hexa uor o- 2- bu?ene (Z- FO

15



1336nezz), dinethoxynmethane (DVMM and trans-1 , 2-dichl oroethylene (trans-1
,2-DCE). An ebullionmeter equipped with a thernoneter was charged with 20.0
granms of wormwisies4(72.1 ww% Z-1 , 1, 1 ,4,4,4-hexafiuecoas2eloosese and
27.9 wt% trans-1 , 2-di chl oroet hyl ene) and then di net hoxynmet hane was added
in neasured increnents. The boiling point tenperatures of the resultant
ternary m xt u&ﬁg g{ about 14.7 psia were neasured and recorded (Table 5).
From about 3 MBout 99 wei ght percent di net hoxynet hane the boiling
points of the resultant ternary m xtures were changed by | ess than ﬁbout 2
0C. The conposi | ence exhibhit azeotrope-like properties over this
range. Tabl gDS%'B%IJi] 8?%%@%? ﬁ?@p(??'l%’?-r]lfﬁnf@g@%?f?ﬁﬁlﬁ’ ns-1 ,2-DCE M xtures at
14. 7 psi aSTenper at (@) &- W, 24 Pivhexafiubr6Q-1386arz wt % trans-1, 2- DCE (0C) 36. 2

45.9 17.9 40.3 38.()44nb-1Z-dRchéodt3ferk; 48d4 16.9 40.5 42.7 41.3 16.1 40.9
50.0 36.0 14.0 4 1.1 100.0 0.0 0.0 42. 3CLAIM5 1. An _azeotropic conposition
consi sting essent i & Byhisd comppneny V‘{hfr,e'nﬁ,hﬂﬁ@ﬂ&h%ﬁ%ﬁh'@f@eﬂlﬂemﬂ@ﬁe; (b)
trans-1 , 2-di chl orpgth: . i : |nthe trans-1
, 2-di chl or oet hyl en@géﬁ%&j ?ﬁ@’ppﬂ?ﬂ%é%)dpnrgg%ﬁ'ﬂr{ %é}ég{%ér)é@@th‘%“sy\%q@%e% ive
amounts to form arzedwpiopirobinatibn méthi the Za [1i1, 4 Med-Fekafludror2-butene, _
4,4, 4- he|>bafl uoro-2-butene. 2 . The conposition of claim1, where in third
conponent “of the conposition is cycl opentane, nethanol, or perffuoro ethyl

i sopropyl ket®nehe Sompd&iioRBEBIIMAN GHEPORPHiIkI Dinindrlt 3F e2: Wherein

composition is cyclopentane, methanol, or perfluoro ethyl isopropyl

ketone.

15 3. The azeotropic composition of claim 2, wherein
(i) the third component is cyclopentane and the composition has a
boiling point of about 29 C at a pressure of about 14.7 psia
(i) the third component is perfluoro ethyl isopropyl ketone and the
composition has a boiling point of about 30 C at a pressure of

20 about 14.7 psia; or
(iii) the third component is methanol and the composition has a
boiling point of about 29 C at a pressure of about 14.7 psia.

25 4. An azeotrope-iike composition consisting essentially of:

{a) Z-1,1,1,4,4,4-hexafluoro-2-butene;
(b) trans-1,2-dichloroethylene; and

(c) a third component, wherein the trans-1,2-dichloroethylene and
the third component are present in effective amounts to form an

30 azeotropic-like combination with the Z-1,1,1,4,4,4-hexafluoro-2-
butene.

5. The azeotrope-like compostion of claim 3, wherein the third component
is cyclopentane, methanol, dimethyoxymethane, methyl formate or
35  perfluoro ethyl isopropyl ketone

16



(i) the third conponent is cyclopentane and the conposition has a boiling
point of about 29 C at a pressure of about 14.7 psia (i) the third
conponentwozopersisedor o et hyl isopropyl ketone and the cecpasztioomisas a
boi l'ing point of about 30 C at a pressure of about 14.7 psia; or (iii) the
third conponent is nethanol and the conposition has a boiling point of
about 29 C at_a_pressure of about 14.7 psia. 4 . An azeotrope-like
conposi tion &nlﬁ@@?ﬁetr@@%h@ campgsiipn qf glain-4, wherein the third component

, 4,4, 4- hexaf ligor o- 2-butene; (b) trans-1 ,2-dichioroethylene; and (c) a
third conponent, wherein the trans-1 ,2-dichloroethyiene and the third
conponent are present in effective anounts to form an azeotropic-1like
conbi nati ®n wi th t{ijdrdahboul? td abdusAweitdidencerm-cgeclopehne, tHe Z- The

azeotrope-like co than. e rekn t | o 0 ent. IS

cycl opent ane, net @2;42& ﬁé%%&@%?@lﬁgﬁg,’Seﬁg%%}fo#?ﬁégtagmgj??g&q'g%r 0

ethyl isopropyl kel¥SAe®. anthi@edtanstt dutichiptaetiyeneis frommbsfut dBdom 5,

wherein the third fymoremighSperckat; f rom about 2 to about 53 weight percent
1.1

cycl opentane, the Z- 1,1 ,1, 4,4, 4-hexafiuoro-2-butene is fromabout 34 to
about 70 wei ght percent, and the trans-1 ,2-dichloroethylene is from about

13 to abd0t 27 wei(ihfromestsrnt17 (d abodtreamvaightibercént e YbrméseWeicoht

ercent methyl forjmte, ,t - 1 .4, 4, 4-hexafluoro-2-huytene is from
gbout 18 to about gg’1v\%'ﬁ§£ﬁe%aeﬂu%’£?1%fbﬁﬁﬂéf%@omag?%“?f8&9-%°&'F1Bﬁr"\’f’é9’?§yl ene is
from about 18 to aﬂﬁm@ntzand/@h@t‘mn@écib-d'ruhjor()eﬂﬁy)enferiarﬁnoarbabbuttl)18to ab_outf16
wei ght percent netdyn = -1 ,4,4,4-hexafl uoro-2-butene is from
about 60 to about 72 U&Elsg %15%%‘?%%?1’3“ and the trans-1 ,2-dichloroethylene is
fromabout 23 to

15 (iii) from about 1 to about 16 weight pércent methanol, the Z-
1,1,1,4,4,4-hexafluoro-2-butene is from about 60 to about 72 weight
percent, and the trans-1,2-dichloroethylene is from about 23 to
about 28 weight percent;

20 (iv) from about 1 to about 50 weight percent perfluoro ethyl
isopropyl ketone, the Z-1,1,1,4,4,4-hexaflucro-2-butene is from
about 36 to about 72 weight percent, and the trans-1,2-
dichloroethylene is from about 14 fo about 28 weight percent; or

25 (v) from about 35 to about 99 weight dimethoxymethane, the Z-
1,1,1,4,4,4-hexafluoro-2-butene is from about 1 to about 47 weight
percent, and the trans-1,2-dichloroethylene is from about 1 to about
18 weight percent.

30 7. The azeotrope-like composition of claim 4, wherein the composition
is an aerosol propellant, refrigerant, solvent, cleaning agent, foam
expansion agent for thermoplastic or thermoset foam, heat transfer media,
gaseous dielectrics, fire extinguishing and suppression agents, power
cycle working fluids, polymerization media, particulate removal fluids,

35  carrier fluids, buffing abrasive agents, or displacement drying agent.

8. The azeotropic composition of claim 1, wherein the composition is

an aerosol propellant, refrigerant, soivent, cleaning agent, foam expansion

17



about 28 wei ght percent; (iv) fromabout 1 to about 50 wei ght percent
perfluoro ethyl isopropyi ketone, the Z-1 ,1,1,4 ,4,4-hexaf |uoro-2-butene
is from avoun1036186e about 72 wei ght percent, and the tr @&03AB2018/040154
di chl oroethyl ene is fromabout 14 to about 28 weight percent; or (v) from

about 35 to adgent f@%heshgbitstit oetheaxpaet foans hebhgadsfel mebia, ghseous
,4,4,4-hexaf|§8%§@2-b tene is fromabout 1 to about 47 weight percent, and

the trans-1 , 7ot EPHIOEISEINGaNT SHPRISESION PIEH S ReMEr TECReVeingper cent .
7. The azeot g |dokingRimtiehl hbad, PhrilidhddnoWIRAS) chilfergRfROST ti on i s an
aerosol propellant, Tefrigerant, solvent, cleaning agent, foam expansion
agent for thepuitpy abrasiveoagariier orodisplatement tyiatg agenisf er nmedi a, gaseous
dielectrics, fire extinguishing and suppression agents, power cycle working
fluids, polynerization nmedia, particulate renoval fluids, carrier fluids,
buffi ng abrasive agents, or displacenent drying agent. 8. The azeotropic
conposition of claim1, wherein the conposition is an aerosol propellant,
refrigerant, solvent, cleaning agent, foam expansionagent for thernoplastic
or thernoset foam heat transfer nedia, gaseous dielectrics, fire

extingui shing and suppression agents, power cycle working fluids,

pol yneri zation nmedia, particulate renoval fluids, carrier fluids, buffing
abrasive agents, or displacenment drying agent.
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