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AND CHLORI NATED ETHYLENES FlI EL[mm“m NTION 1O This invention rel ates
to conpositions of 1 1, 3, 3pen ane and at |east one chlorinated

1
" ethyl ene and mor®O3% ¥ %ularly to amewst ope-|ike conpositions BEIMGIER -
t hese conpounds. These m xtures are useful as 15 solvents for use in
aerosol, refrigeration flushing, oxygen system cleaning, and vapor 17 JUlL 2007
degr easi ng applications including el ectronilcs cl eani ng. BACKGROUND OF THE
| NVENTI ON 20 Fl uorocarb ﬂ‘ f ds have found w despread use in
i ndustry for sol vent clammmmmmm“\“m | vents in aerosols for the degreasing
and ot herwi se cl eani ng of sgli.gsurfaces, especially intricate parts and
difficult to 25 renove soils. In its sinplest form vapor degreasing or
sol vent cl eani ng consi sts of exposing a roomtenperature object to be
cleaned to the vapors of a boiling solvent. Vapors 30 condensing on the
obj ect provide cl ean di stoMPesiTHNEOF 101 Wash, Awa ORO-0t her
contam nation. Final evaporat f I t obiegt | eaves behind
no residue as woul d be the §E98R§§J?§9ﬁéﬁﬂ%gﬁég%big$§$r“??émashed in liquid
solvent. 35 For difficult to renove soils where elevated tenperature is
necessary to inprove the cleani ngzagbi er PREthevapromt, or for large
vol une assenbly line WO 99/ 35209 PCT/ US99/ 00549 12 J U L 2002 operations
where the cF@aning of netal parts and assenblies nust be done efficiently
and qui ckly, a vapor Thégr énsertien aigdladpsdtoThRempesifinnmd bperlatd.Or of a
vapor degreaser gepRair3udropropare dndl aitheepatt oh® behToriawdl dihyaenem of

boi | i ng sol vent ich re ul o]} h . I_mer si ng
the part in a s g8hE ag%%lﬁgc'ﬁr]agrs I)}:lé’d?’féfa ?’F?g ?s%%l\‘/éen‘?gmspggaérﬁérlo%ﬁ
t enper at ure, andaksiedabhytbgpestonpaundspafbese BhktRYes B rusefwl ashe

boi I'i ng S!JTTESV\/_“is%!iv‘éﬁﬁgeﬁS? e tHf aboeb2qaneds Pagérativh PENdsEAiy Al SO be
sprayed with distilled so|vent. bef.ore final r|n5é£§§F{§eotro i.Cc. or
r €

azeotrope-|i ke CF¥FED FYBRE™ FXE PG c 3PS FPPHESS O PRSP S ot
fracti onate upordnt3ubdngi adectmaniascicderpings desirabl e because in the
previ ously descri bed vapor degreasi ng equi pnent in which these solvents are
enpl oyed, redistilled materi al %A&mﬁlﬁ%‘jﬂ’%r FHEQJ[, &iynse-cl eani ng. Thus,
t he vapor degreasi ng system ac TTi fﬁE‘solvent 20
conposi tion2@xhibits a constant boiling point, i.e., is azeotrope-like,
fractionation will opluérétsrhorasisedblfeusakvrave of sind biddespreas asde t 0
upset the cl eani;ng. eSS LAg: ner r i V. i of
130 18805 22) Sfot UorR/eHECRTBMinE" ShE' SO G L g,g.ogm%%

the nore vol ati '@ conpon e solven xtures, e the

case if they wef®rntheagedeapdd b okberHirestltaniP®icd i t h changed
conposi ti ons whisalfaays haespeaisd lgedntatbbetprpaets i @Ky difhiasit dwer

sol vency toyard LbSsolfiSS inertness towards nmetal) plastic or elastoner
conponents,ygndgfggreaggd flammability and 30 toxicity. The conpositions of
the invention may al so be useful in aerosol solvent applications of

cl eaning or depositi C iJL,.t o] r : ,

freeze 35 spra5 or t?geygﬁfééﬁé}gg?Aﬁggﬁ'a&?%églb%?%%%%%ﬁﬁré?tkgiﬁégg is
propel | ed from &}eapingofonrmiftfsiofg eXPEEAPE| £ aRPOM teppep DR rhjert

ECT / (ljJS9_9/ 00549 \%}(Z; &Ei C%eﬁiﬁbﬂf lﬂte el viapogsnbt Nnalabbd 1 Segkssverety f Ivegscaaar bon
ased m xtures whi of fer r ives e e

appl i cati ond® Q?PPgﬁf‘fﬁg e%n\?ittrh(;een%%ﬁfe \éﬁ"l Lg{'%ége%?g%{e?f%%g%%r P ed
materi al s are oftopupshcaway dueaGecor PEbglsecnhamingtiong| obhrrd ed

chl or of | uor ocar RQRpoPaY Lo ae ddiilentareemi BheaLE] 86t CIWaAVOH NBE! Bha H®b! ens

iated with the depleti £ th th tective. |
Nat hemt i cal rod&FS9H8 FEVIPShae, Theaa: AP Ry G50 FEIFSE ar At ke

1,1, 1, 3, 3- pent afWashedpinpimnidHEci¥esta) will not adversely affect
atnDsphericﬁghenistry because the contribution to stratospheric ozone

depletion a 9'0ba|p%@féﬁflldd1t9Q6p§EhSOE teiisevhetéyebevoeedat ed and 15
chlorinated fluorocarbons species is ne as_| ooked towards

gll ible. The ari h

Conposi ti ons whiteAPEREFERR 17 MEESEEAESn o lBBRENE sl §ehing action
1,1, 2-trichl orobg2tRet soIvamtr,oerhdoe (eFgeltd)umadastenblyncline 20
conponents which contribute additionally desired characteristics, such as
pol ar functionality, increased solvency power, and stabilizers. The
substitute material nmust al so possess those properties exhibited by the
prior art chlorofluorocarbons including chemcal stability, |ow 25
toxicity, and non-flammability.
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It is accordingly an object of this invention to provide novel conpositions
based on 1,1, 1, 3, 3pent af |l uor opr opane and chl ori nated et hyl enes (trans 1,2
di chl or oet hyl eneWOrP8859? ene chl oride, trichlorethylene, 30 andlﬁﬂﬂﬁw%w@9
thereof), and preferably azeotrope-like conpositions, which are us LUULQM@
sol vent and ot her applications, neeting the above nentioned criteri g

99/ 35209 - 4 The present conposition are follow ng reasons. The HFC 295fa
ozone depletion potential and has characteristics. The chlorinated

PCT/ US99/ 00549 12 _J Y k %gngggygn{ﬁge 1 r Egemgggpggfgg hag a zero
reasonabl e sol ven&y et ene conponent propertles to
enabl e the cleanlﬁasaﬁﬁ HF§SBPEF|Bﬁ Qﬁn?IQ£€1Fé§Pﬁlhn@“%lqq;ekﬁWUsa WRBRY

t hese conponlelnts aegreeglbrned Eiﬂpﬁéfﬁfﬁ[ L\Kmealmuﬂbﬁtlaﬁlafefclfﬂe&laﬁﬁﬂog of a -
environnmental |y agcept.a r i.ke t epnt result | PT

OF THE | NVENTI ON I'RP §%c§r rBA8EL OPRe Lot QiR SHEINBVE c?srﬁ)tosl,%uE |%Rns
conpri si ng eff%ctP&eaaﬁéunﬁsaoﬁumploﬂ.prﬂlnESSpéNPatlVh#QhNRﬂMQM?Saﬁbeat

| east one chloringhes SEhfhengobﬁyettbéi%hﬁeﬁrc@‘rhﬁéﬁgma'h@xéfﬁé&’ﬂ'l@tnaf 4hhper
relates to azeotroBe i, ke cogp r S|2g %ontabout 80 to abou
99. 9 wei ght percefiPPfaining & %t iﬁﬁiﬁﬂégpgﬁ SRE P¢¥mTBUt 0.1 to
about 20 wei ght ptemparabtfra, 2@n@hfma]rﬂat exposingehbe spaEt tted s‘crlonmtthe

group consisting gf BfépévéthﬁéC%ﬁﬁ%t R0 %hlEﬁ'E&&éﬂ%?é o &
nmet hyl ene chl ori de ations thereo ich boil at about 15 1C *

n
0.5 at 760 nmt¥y. & %ei"F 1P§1J% pe’FFP%tfl?alchr SFopafie P& PIGRM ¥idterial, which
mat eri al and net hdcﬂsbilpeépa@hvemh bef aes frinbédrinsiMy 95/ 09022. The
preferred conpositions are azeotrope-|ike because they are essentially
constant boiling versus 30 conposition and possess essentially identical
liquid and vapor conpo%???ﬁﬁ%gg‘?/e‘?r ta}ﬁ?c‘&fro’P&rrint‘Foﬁ‘é’BP? #*& range.
The m xtures of thertheebharly désiraklhduauseetbegsdozue fitwgitdionate upon

potential andyd ow,g§ IPFHNEr g3 é'ﬁé’?dﬁ%r‘“%@cﬂeg%éﬂi@%&%&%m 'ng'thley to the
greenhouse warnin ﬁ% %209 PCT/ US99~ 08 200Z effect.
This is contrast eB*GVEA"E ’cpﬁ#té’a(?é’ﬁl FFBﬁaﬁb’P%rﬁTﬁlme which
correspondi ngly htghsgreehWEmmﬁaamawamm}owsﬁenreaistﬁIIEQtht@r15lThe

conposi tions of tQéﬁef@U@@tf&n mauqimseoéaeaﬁlaél ofmtétet@t%sva Bke
features of an idéal solyent i.e., safe to us ro ozone

depl etion potenti POLRREI BN YA ARES R&r aV\Fﬁalgf f e"f:‘?lesfo ﬂ‘l"est""
"azeotrope-|ike" tempeeifthon eixhilwits lae constent eboil maipesingt, tihe. hnvention

because in the cl awséra;seppmé ONéradti®na®IBASLi1 PNSc&lr and undesirable
1,1,1, 3,3pentaflu chl ori nat ed_ et hyl enesvﬁa{ onst.ant bqilin

or opro
or essentially coﬁgggﬁ?gb t?? UCAPD Y Biho5Pt YRR SAMdngn P ated
ranges, as wel | asatetryath I@tﬂﬁﬁﬁﬁitn%ns Pygfsrentiad ¢Yﬂﬁqmtéd>rr &igsbe are

azeotrope-| i ke, afofef voEsl IM¥ ecdiidrienttisabley thel Q&\&venfrnﬁmtﬁ#%f:}”ﬁﬂﬁéh
pr|nC|pIes therf? naggc statefzg of a qu IS d ned .h fo r
. e case h t azeag r{:a::pe-—d.& ’ would

vari abl es: suf&" erat ure, 05|?|on
conposi ti on or Presxly im ew&ﬂnq;sewthmhazee@reo@%lta}qnﬁ abdch may

characteristic of havéyﬁéagﬂdssitmw pmgeremaapnasm e/!tem:exe @aiv‘énasre
equal at a stated P a $§ n pr.acti onponent s

t
cannot be separ at EQWTT Pt at‘seesscﬁgﬁﬁgneﬁﬁdt?“ ‘%cﬂ‘% 'ep&féﬁtf’ PR
sol vent and aerosenasmmthmnm,onsd Roereaseduf unwndidii tyhiapd
di scussion, byg30¢gzgei¢ppe-like conposition is intended to nmean that the
conposition behaves Iike a true azeotrope in ternms of this constant boiling
characteristics or tendency not to fractionate upon boiling or evaporation.
Thus, in such systens, Thédecamprudiitonsn off theeinaewtidwmed adiso hg 85eful
evaporation or upep Qéfmls'ém\ferr{tm %Bﬁ@@éeﬁlgnscé‘f"ciéaﬂﬂ@“d:‘:%lepgﬁsétlon

substantially identical to t onposj] tion. Hence urin
boi ling or ~ WD 99f 3cewrkain G:YnféTF%SQQPGOSQQtEQ 3s (8 199RHp WfapdrEersn: the
liquid cogposafpll OBpray of ﬁlmg.eflaﬁ:oall, Ashangeeresdy ptddyiut }theTgl S hs
contrasted with non:az ro tLon [ uid an
vapor conpositi onBe R %‘e so rﬁilgﬁrggéhr%ﬁgg gﬁ#or%ﬁ on nér%

condensati on. Chepma@ellanknern1ne whet her a candldate m xture is
azeotrepe-like within the neaning of this invention, is to distill a sanple
t her eof under conditions (i.e., 10 resolution - nunber of plates) which
woul d be expected to separate the mxture into its separate conponents. If
the m xture i s non-azeotrope or non-azeotrope-like, the mxture wll
fractionate, i.e., separate into its various conponents with the | onest

boi li ng conponent distilling 15 off first, and so on. If the mxture is
azeotrope-li ke, some finite amount of the first distillation cut will be
obt ai ned whi ch contai ns aII of the ntxture conponents and mhlch |s constant

T . oy



- 20 is not azeotrope-like, i.e., it is not part of an azeotrope system It
follows fromthe above that another. characteristic of azeotrope-Ilike
conpositions is tWat9280t here is a range of conpositions contai RCHYSIIMees49
" sane conponents in varying proportions which are azeotropelike. Al such -
conpositions are intended to be covered by the term azeotrope-|ike ag)used
herein. As an exanple, it is well known that at different pressures the 30
conposition of a given azeotrope will vary at3least slightly as does the
boi ling point of the conposition. Thus, an azeotrope of A and B represents
a unique type of relationship but with a variable conposition depending on
the tenperature and/or pressure. As is readily 35 understood by persons
skilled in the art, thelmiditngispoiontiohaldly axektingpaew fluvacganbéh t he
pressure. VD 99135200 nosce el URIRHOBEAS 1A cbotlal 13002 b0 Hhe Profess

enbodi nrent of the 1 nvention, nposi tions the inyention ngm e used
to clean solid surfeRFsiigA t?‘éﬂt%cﬁélgéﬁd S‘EH‘?%YW ERVIZPHTEBRBYLY ti ons in
any manner wel ls knamreptrab:he fntorecenbas-hysall ppitey ialsSaspr efi pgrt bewnsol
sol vent)or use of t YRS/ VRRAT £dE o%gn%[ggar atus. In aerosol

sol vent applicati ons e conpositions nma onto a surface by
usi ng a propel | ant€ iLQFCSi}l"c"&lﬂC@rﬂ?PﬁﬁeFF&ﬁt’%e%éfm@éécéﬁIESr &P GBF®ERY bons

| i ke dichlorodifl L@ﬁﬁmﬁtemﬂ:,alhybdbbabingrsééw&@ar wamk thkedepletion of
chl or odi f | uor onet n 1 0,

ethers |ike dinethy eeeet C% %%ggr@ ggsgféié(elbké Mggggﬁgggggi ﬁé&‘@i‘s
conpressed 15 @ase‘ﬁa‘ﬁlcﬁ?%aditrlatﬁfit Ebakrhwirafdresecarsengelike shoul d be

under stood that thg, pyessE-peotads ubopsopane |(m1cude5adqil tidDahotoNnponent s
50 25 L0 oM new ALFAIJORP ddke COPRASHALONS BN RGN n20aGOEPERL L ! o are

considered to be w ent Tnvention as | ong as the
conposi tions are mﬁtmqlfrb(?ﬁsﬁ&ﬁ?t%ﬁ’}ww f%gneoAehlrtaen ane ekakad | al

conponent s descrl begkrigieiinh cdmphpisdfi té Athe ithe 190AR0BHENABEA Odnd he
i nvention inclydi ”&f&%[rpaf derfrl'ﬁgrééQPﬁ&%’es;i %?%sc‘igpﬂﬁpﬁhgﬂﬁlgay i ncl ude

conponent s mhlc may not form new azeotrope- e conpos Known
additives nmay be used in the present conpositions in order to tailor the
conposition for a 30 particular use. Inhibitors may be added to the present
conposi tions to inhibitThee@rtpbsist Lovked tdwardsnpompbsdhionseulichi t h

undesirabl e decc"ﬁ&ﬁ%ﬂdd@’fﬁh@QBEE§b9£ é$ﬁbdﬁ@ﬁ@%sbhbﬁn§s ang/ oL+ P QYERN o~
corrosion of metal surface Claiigs of 35

i nhibitors may be ®B1pI%y& d§1H°f§88f‘ﬁ’0‘én ‘f%ﬁ 11&|>kaﬁ8| \é\ﬁﬁgvﬁﬂﬁ o0 7 carbon
atoms, nitroal2tanescionents]i wvhdcB cemtoibutteomdditisnepdxydekined having 2
to 7 carbon WO 98{352Q2ri8+tiBCT/ M/@%apf-lHEtZQQBl&i:?WBm@M@te

esters having 12 to 30 carbon atons er.s. _havi ng,

FREC AN Bt R ST B e TS A S e
carbon atons, ket omest hd‘ﬁongogsﬁésStQ%QMWmesaﬁahahﬂﬁeé EYh‘elw RF 1 o
8 carbon atons. Oy cHiicke2h@okB8aPbéws SindilaihgaehkiestUEtEBilOSE 10w
skilled in th 5art Thetl nhlabl tors, }Lisﬁgr al one or as m xtures in any
proportion Ty% caltr??‘ cdp t'o 8806? Pg Bt ‘i nhi bitor based on the total
wei ght of the azeotrope-like 10 composition_nmay be used. The present
invention is nore full ¥4 RPu3cFarein®ly 3 qdeeFG\/\Pﬁgthéﬁ EPKEPEAGN Bl es.
15 EXAVPLES 1-3 Therdwildee novel vbipds ithiorsolbdagednencenposi By, 3As exhi bit

constant boiling beh v d
RO 2451 al Crans. 1 EPHAUAPS SEFRGT BR s GHErifafa, sRATEERLs frins 32
NFC- 245f a/ met hy| eriiaHlanoetby 2enehenethy Jenemshdprided Fﬁlshigrekbﬂwﬁa.nt

consi sted of agheaims xﬁmrezhenep@&)p%ﬁd Preiroeadhyl bzesetepecdikect ed to
t he sunp was cool ed ther actl nser

de Q e bojling
vapors, allowing tFRAR Fo 868?%1%3%&“59 2 lPeFPéL Lﬁbasur%ﬁ*ﬁﬁantltles
of HFC245fa were cﬂpﬂkyaanlnne,tMGetimgIthﬁnﬂh@NeanenbﬂengﬁtCrétarbbfI Then
in separate identical experinents, neasured anmounts of the rel evant
chtorinated ethylene was titrated 35 into the ebullionmeter. The change in
boi ling point was neasured with a plati numresistance thernoneter. WO
991 35209 _ g PCT/US99/ 00549 12 JUL ?0~% The preferred, nore preferred and
nost preferred enbodi nents for each azeotrope-li ke conposition of the
invention are listed in Table |I. The proportions/ranges listed in the Table
are understood to be prefaced by



5 "about". Conponent sPreferredMoreMst Boi | i ngRangePr ef err edPr ef er r edPoi nt
(C(wt %9 RangeRange@ 760mHg) (wt %9 (W % HFC- 245f a99. 9- 8099- 8295-8515. 1

0. 5traps-1, 20. 1-2029388* 15di chl oro-eth PCT/US99/00549

| eneHFC- 245f a99. 9- 9599. 5- 9699. 2-9714.8 + 0. 5tri chl oro-0. 1- 50. 5- 401 BJBe{08?

| eneHFC- 245f a99. 9- 9599. 8- 9699. 5-9715. 2 0. 5net hyl ene0. 1- 50. 2- 90. 5- 3chl ori de
Exanpl es !1-7 HFC-215f a99. 8- 7598. 5- 7894. 2-82 14.8

.8traps-1, 20. 1- 201- 185- 15di chl or o- et hyl enetr4 chl or 0- 0. 1- 50. 5- 40. 8- 3et hyl ene
HFC- ZI 5f a99. 8- 7598. 8- 7894. 5-82 14.8

. 8traps-1, 20. 1- 201 18FhE5girebkAt Ocotpyd EedY RHeeRBGaht Beudecr I¢h ori de
MD 99|35209 - ggpnggggggégggﬁg_ézahelﬁﬁtjéég%a component has a zero

HFC- 245f a99. 8- 90 )
. 8trichloro-0. 1- 3gohei@eplstipat ot enthel Bk Med. resooRanbe SsBotdrmy del ~HFC

-245fa99. 7-7098. 3nad3%teri®tidsd The chlorinated ethglene component has
.8"traps-1, 20, 1-201-.185-15di chl oro-et h Ienene&gﬁnsge ¢ -3chl ori de

trichl oro-0. 1250 38940 S§1Y&EN, pgﬁgertw. t*9 &£ eﬁnU“{ aZEﬂ)Z 1.
Azeot rope-|i ke coisciluitdes efnflexinesbssont icdlllsy Thuby owhabdites®) t o

about 99.9 wei ghte RgreRlkls dréd, éoﬁbﬁ.@&@@féw&rmpamsuﬁ% fgpm about 0.1

to about 20 weight percent of traps-1, 2-dichloroethylene ereln said
conposi ti ons boi EXEECAERGr FBVATORMARERllY apseRtRRGe 22eqHReRE doepe- | i ke
conpositions of clAvent ctemslssi ng essentially of fromabout 82 to about 99
wei ght perceh® 1,1,1, 3, 3-pentafl uoropropane and from about 1 to about 18

wei ght percent traps-1, 2-di chl gyeRiRnpradn. of: THRCIRdEPITgPe- | 1 ke
conpositions of claim1 consisting essentirally o rom about 85 to about 95
wei ght percent 1,1, 1,3, 3-pentafl uoropropane and from about 5 to about 15
wei ght percent traps-In2adrenfanerivitilerthe 4nvangépnopeovék ecqupdsiionens

consi sting essent:ba.bws%gfépf@@ma a%ﬁ:tinctsaQQUtl 99193V\§*'-9ht per cent
1,1, 1,3, 3-pe 1;’afluoro%}J ane_and

er cent
trichl or oet h{? en®<Hi8 T eRF %P%’b taiqoﬁfaﬁ‘& P“ﬁt gg‘aﬁ’tnaﬁf%%é%eﬁeat
760 nmHg. 5. ThehareobeepediskevemnosiTheorianvehtibai fudthensielstes to

essentially of fggeveabept-99ké ddh f;stmlﬂm%@ W%'mg?tls@ﬁgcﬁf'ém about 80 to

1,1,1,3, 3-pent af | t t
L1 chi of oet hyl onEoBE. SRS SRR MEHIE doodePe SoREm b MSHAFEPPaBSi <1 i ng

essential ly of frofh fbeutabqut P dbda aPur A yhightrpercent of a

1,1,1, 3, 3-peps af bnmaemﬁaﬂa@eemé‘ﬁ@meamwfgoﬁ\Otﬁbocglfo veir#ilstRegcent
trichl oroet hyl ene,

f & A() 34JKPgj (bpf£u8ran~°v§§ ca‘i\glglf et&’@f@&%}’%f&éﬁf%’é’f%ﬂ%ﬂ'ea

LﬂCAaLﬂCa]Ca]Ca]@BETE&ETQthlorlde: and combinations thereof which boil

U ca] c”a] c"a] c"gkCapbat al 6 #lcCrabcab cd@\ &d alnistl / =>7 { tu676 7

- 9HTZi qvk| wr mhc”~Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca! kl } ~=>noN

} xsni d_Z] ca]28a] ca] ca} ¢a] A cajreadted]loakoprephna] da] Eallna}maﬂm]mm]lca] caj ca
] ca] ca] cal ca] ca] g kEﬂ] ﬁé‘lé@iﬂala%ﬂ GeFRAVLs pkbphkhfio bfé} iﬁ%hﬁ%' Uca
LﬂcaLﬂcaLﬂcaLﬂca L@gf&gca cal cal] ca canca%kca ca ca

The preferred compositions are azeotrope-like
because they are essentially constant boiling versus
30 composition and possess essentially identical liquid and
vapor compositions over the aforementioned temperature
range.

The mixtures of the invention also exhibit zero
35 ozone depletion potential and low atmospheric lifetime
hence contributes negligibly to the greenhouse warming



U]l c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca{(-.7n#, - 14521 OQcd| wr mhc”Yni U] c
a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal.ca] cal cal] ca] ca] cha] ca]ca]ca]calca]calc
a] ca] cal] ca] cal] em|waktoca] ca _ PCT/US99/00549

LISt A P0REEE! n(}xsnid_Z] cal] ] ca] ca] ca] ca] ca] ca] ¢3] galsal C
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] EZ ‘@i'zﬁ@
(CD) )))))))) ¥ *+++++++, " #, Z,[,,,, @A " .| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cakca] ca] ca] ca] ca] cal] ca] ca] ca] ca
Jcal'.w x...x0y000000

1111112222223 p3s 3856x4d44} whie N calhéakeakaaltr] cjecalighabeaheadep] &vfdin] ca

1 4
464747 NaNA 4bak A SIS o oHE € RORRERRT I3 0 71 (P hREFPRRERSE AT A ca] cal
ca] ca] ca] ca] ca] capetdntalah] o] dd]3ca] ca] ca] ca] ca] ca] ca] cal] cal] caU] cal] ca
U] cal] ca] ca] ca 7788+99989I QzZf:m}::::::1;

Ly ?<s<hxrmh " U
] \(I:va] cal] ca] cad| z:);]r caf %ai® ﬁgﬂca‘] C%] ggﬁ;a%é: EJ&C lllgge ¥ podses gl ea
<=N===$>n>>>]?77?7?| :@@AKhe de51rable features of an 1dea1 solvent i.e.
Lo ?<<<h xr mheadd e g Gﬂir@éﬂl%%%hea] sépd dneabepileabsal cal ca ca
] cal] ca] ca] ca] ca] ca cat]Lc calc ca cz_a_]‘caléca]_calca_] ca] chgL_C >l aM 10%K<U<& (
)- 109%<& () - 910%RLPY§ 14 /659? “{916076 pBRE (yarming e
Z*10%<<& () - C}"<I t* 1 10%RhR& () C109& () -! 110%<<& () -
109%<& () - Y10%e& () - Ik'Il'\(le’I-ot:/ ﬁ_q‘%z@oﬂl’%{/ M@Q%&Qd( %er&ﬁo%@ éﬂe 10<<

10<< 10<<! 3% 0¥%<& X\ 394,09 't * 110%<h<
1 9pQ2! pL' 10% pre(f)erred n(\iixé‘ﬁli'ge‘s()of the 1n\9e/ﬁht1hon b%cause %n the

&( ;) @t 9! 10% fc;l%:(n)ea@;aaap@drmwsaH&he) c @& t0dniss of ) 1 @O, 3% - & mMLOYH&
tafluor 0propane and chlorlnated e es are constant

_zX9pQ@ 171 10% & {50 llO/qDH LI'10%-& B T) S B e 0u

a& ()- @k L! 109K 1"@8—* %ﬂ&@ﬁ%ﬁ%‘)“é 11?9%631(‘)3 sgéib%&(%) iOH 10Ha

10HS810%H8 ( 1557 109AHR s Dt-3i ons\aASbAhs LBk 1 OHRA €3 tddS rey@es0 s &¢) 1 asy & 109&

gL%)%Iq;; ?Sg" Ilg%& () g 38 nl Qb slidt-1 ¥l B%&s € de NeXdirid 1£84Ea 1088 Es SYare

109%&' () - s& 10%58?7(3°‘d“§’es<§l11‘60/&a(5) asfingd 19958 (PAXSASVRPRAY B8 Bopzpze () -

& 10% & ()-1& 10% ()-!'7& 10%& ()-! &D10%&' ()- &D10%&' ()- 10qqfi z

"S;g %&! 10! IO ygiﬁéoo/@gcl (r)z;dfy(ym& Lo dBith) - H#&Q%gele(() ()) /glﬁelQ?{&rﬁbd %%&(Qtlzate
()-Q. afv ()Sérmeg g%% () p#gss ()-!pPy(

10% / & () -! ki %}”f)va@ U4Bepg ()-10 °
10%\ & ()- ° O(V&e(n)perj.act\m@@li1qumussmmai'elomtmﬁ&vepomcompos1t1on,

" 1098\ 8\ & () - S! " odf "ALOMY-& ()re%&:kéc‘tﬂag \ & £n -2l b thrdPeYik&a (hnique

ot e pmprpristid ALk 6 U Uy GO, Chpoddaty 10w

10%\ & () " ##h S0} €15 9’4@"‘3&1!9*31‘909’82&1(?13'?) sratieghP7 @nd) T ~oIn 1pFERiqe - °
g%&' ()-:! éoo/o/ﬁ&f(()())/a?tzlgﬂ-%r(s) tg&:ﬁzg%;:b)n Bﬁ&ﬂ(&cb/ar?\%t:) ¥Q%eparated during
& ) M 9% L109808 ()M 0! 10080 0nE Lo V08 \AQUERY: ) S 6ARNEL4
10%9¢& () - &109%& (éemmlomlc’)entvwmleyt&@m% ()-10; 10;

*r44 T - zX6MA010 K st & 109 () -!ps & 109 () - 109 ()- '\ 109Kk () -

| X109 ()- For the purposes of this discussion, by

30 azeotrope-like composition is intended to mean that the
composition behaves 1like a true azeotrope in terms of
this constant boiling characteristics or tendency not to
fractionate upon boiling or evaporation. Thus, in such
systems, the composition of the vapor formed during

35 evaporation or upon propulsion from an aerosol can, is
identical or substantially identical to the original

liquid composition. Hence, during beiling or
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One way to determine whether a candidate mixture is

azeotrope-like within the meaning of this invention, is

to distill a sample thereof under conditions (i.e.,

10 resolution - number of plates) which would be expected to
separate the mixture into its separate components. If the
mixture is non-azeotrope or non-azeotrope-like, the
mixture will fractionate, i.e., separate into its various
components with the lowest boiling component distilling

15 off first, and so on. If the mixture is azeotrope-like,
some finite amount of the first distillation cut will be
obtained which contains all of the mixture components and
which is constant boiling or behaves as a single
substance. This phenomenon cannot occur if the mixture

20 is not azeotrope-like, i.e., it is not part of an
azeotrope systemn.

It follows from the above that another

characteristic of azeotrope-like compositions is that

25 there is a range of compositions containing the sane
components in varying proportions which are azeotrope-
like. BAll such compositions are intended to be covered
by the term azeotrope-like as used herein. As an
example, it is well known that at different pressures the

30 composition of a given azeotrope will vary at least
slightly as does the boiling point of the composition.
Thus, an azeotrope of A and B represents a unique type of
relationship but with a variable composition depending on
the temperature and/or pressure. As is readily

35 understood by persons skilled in the art, the boiling
point of an azeotrope will vary with the pressure.
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109 () - m ?Hs< gg%g&g'gﬁg)gkgnérg%eé% %m%odiment of the invention, the
compositions of the invention may be used to clean solid
surfaces by treating said surfaces with said compositions
in any manner well known in the art such as by dipping or

5 spraying (aerosol solvent)or use of open or closed vapor
degreasing apparatus.

In aercsel solvent applications, the compositions
may be sprayed onto a surface by using a propellant.

10 Suitable propellants include chlorofluorocarbons like
dichlorodifluoromethane, hydrochlorofluorocarbons like
chlorodifluoromethane, hydrofluorocarbons like 1,1,1,2-
tetrafluoroethane, ethers like dimethyl ether,
hydrocarbons like butane and isobutane, and compressed

15 gases such as air, nitrogen or carbon dioxide.

It should be understood that the present
compositions may include additional components so as to
form new azeotrope-like compositions. Any such

20 compositions are considered to be within the scope of the
present invention as long as the compositions are
essentially constant boiling and contain all the
essential components described herein.

25 In addition, the compositions of the invention
lincluding the preferred azeotrope-like compositions may
include components which may not form new azeotrope-like
compositions. Known additives may be used in the present
compositions in order to tailor the composition for a

30 particular use. Inhibitors may be added to the present
compositions to inhibit decomposition of the
compositions; react with undesirable decomposition
products of the compositions; and/or prevent corrosion of
metal surfaces. Any or all of the following classes of

35 inhibitors may be employed in the invention: alkanols
having 4 to 7 carbon atoms, nitroalkanes having 1 to 3
carbon atoms, 1,2-epoxyalkanes having 2 to 7 carbon
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109 & () -9999:: -e?;ﬁ%r@ thil(ngQ“ }08/94 c(a)rbon atoms, unsaturated compounds
having 4 to 6 carbon atoms, acetals having 4 to 7 carbon
atoms, ketones having 3 to 5 carbon atoms, and amines

5§ having 6 to 8 carbon atoms. Other suitable inhibitors
will readily occur to those skilled in the art. The
inhibitors may be used alone or as mixtures in any
proportion. Typically, up tc about 2 percent cf
inhibitor based on the total weight of the azeotrope-like

10 composition may be used.

The present invention is more fully illustrated by
the following non-limiting Examples.

15 EXAMPLES 1-3

The range over which the following compositions
exhibit constant boiling behavior was determined using
ebulliometry.

20 1. HFC-245fa/trans 1,2 dichloroethylene
2. HFC-245fa/trichloroethylene

3. HFC-245fa/methylene chloride
25

The ebulliometer used in this experiment consisted
of a heated sump. The upper part of the ebulliometer
connected to the sump was cooled thereby acting as a

30 condenser for the boiling vapors, allowing the system to
operate at total reflux. Measured quantities of HFC-
245fa were charged into the ebulliometer and brought to a
boil. Then in separate identical experiments, measured
amounts of the relevant chlorinated ethylene was titrated

35 into the ebulliometer. The change in boiling point was
measured with a platinum resistance thermometer.
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Components Preferred More Most Boiling
Range Preferred Preferred Point (°C
(wt%) Range Range € 760mmHg)
(wt%) (wt%)
HFC-245fa 99,9-80 99-~82 95-85 1.1 + 0.5
trans-1,2 0.1-20 1-18 5-15
dichloro-
ethylene
HFC-245fa 99.9~95 99.5-96 99.2-97 14.8 + 0.5
trichloro- 0.1-5 0.5-4 0.8-3
ethylene
HFC-245fa 99.9-95 99.8-96 99.5-97 15.2 + 0.5
methylene 0.1-5 0.2~-4 0.5-3
chloride

_Exenples 4-7

HFC-245fa 99.8~75 98.5-78 94.2-82 14.8 + .8
trans-1,2 0.1-20 1-18 5-15

dichloro-

ethylene

trichloro- 0.1-5 0.5-4 0.8-3

ethylene

HFC~-245fa 99.8-75 98.8-78 94.5-82 14.8 + .8
trans-1,2 0.1-20 1-18 5-15

dichloro-

ethylene

methylene 0.1-5 0.2-4 0.5-3

chloride
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HFC-245fa 99.8-90 99.3-92 98.7-94 14.8 + .8
trichloro- 0.1-5 0.5-4 0.8-3
ethylene
methylene 0.1-5 0.2-4 0.5-3
chloride
HFC-245fa 99.7-70 98.3-74 93.7-79 14.8 + .8
trans-1,2 0.1-20 1-18 5=-15 '
dichloro-
ethylene
methylene 0.1-5 0.2-4 0.5-3
chloride
trichloro- 0.1-5 0.5-4 0.8-3
ethylene
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boil at about 15.1° C.10.5° at 760 mmHg.

2. The azeotrope-like compositions of claim 1 consisting essentially of from
about 82 to about 99 weight percent 1,1,1,3,3-pentaflucropropane and from
about 1 to about 18 weight percent trans-1,2-dichloroethylene.

3. The azeotrope-like compositions of claim 1 consisting essentially of from
about 85 to about 95 weight percent 1,1,1,3,3-pentafluoropropane and from
about 5 to about 15 weight percent trans-1,2-dichloroethylene.

4. Azeotrope-like compositions consisting essentially of from about 95 to about
99.9 weight percent 1,1,1,3,3-pentafluoropropane and from about 0.1 to about
5 weight percent trichloroethylene wherein said compositions boil at about
14.8° C.20.5° at 760 mmHg.

5. The azeotrope-like compositions of claim 4 consisting essentially of from
about 99.5 to about 96 weight percent 1,1,1,3,3-pentafluoropropane and from
about 0.5 to about 4 weight percent trichloroethylene.

6. The azeotrope-like compositions of claim 4 consisting essentially of from
about 97 to about 99.2 weight percent 1,1,1,3,3-pentafluoropropane and from

about 0.8 to about 3 weight percent trichloroethylene.



