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20 there is a need {o identify new environmentally safe solvents for cleaning
applications, such as removing residual flux, lubricant or oil contaminants,
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Azeotropic compositions comprising about 1-50 weight percent

30 1,1,2,2,3,3,4-heptafiuorocyciopentane (HFCP) and about 50-99 weight
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SUMMARY Disclosed is a rope-like composition comprising:
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DETAILED DESCRIPTION

The present disclosure provides new azeotropic and azeotrope-like
compositions comprising hydrofiusrocarbon mixtures. These
compositions have uiility in many of the applications formerly served by
CEC compounds. The compositions of the present disclosure possess
some or all of the desired properties of little or Do aenvironmental impact,
ability to dissolve oils, greases or fluxes. in particular, these novel ternary
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1,1,1,3,3-pentafluorobutane, from about 2% by weight to about 50% by
weight 1,1,2,2,3,3,4-heptafluorocyclopentane, and an amount effective in
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30  phase is in equilibrium with two liquid phases and all three phases have
different compositions. If the two equilibrium liguid phases of a
hetercgeneous azectrope are combined and the composition of the overall
liquid phase calculated, this would be identical to the composition of the
vapor phase.



As used herein, the terms "comprises," "comprising," "includes,"
"including," "has," "having" or any other variation thereof, are intended to

w%%gf%;ﬁﬂ@on-exclusive inclusion. For example, a process, Jpethofls 45295
article, or apparatus that comprises a list of elements is naot necessarily
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inherent to such process, method, article, or apparatus. Further, unless

expressly stated fo the contrary, “or” refers to an inclusive or and not to an

25  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 is true (or
present).
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Also, use of “a” or “an” are employed to describe elements and

30  components described herein. This is done merely for convenience and to
give a general sense of the scope of the invention. This description
should be read to include one or at least one and the singular also

inciudes the plural uniess it is obvious that it is meant otherwise.



20(HFCP) and trans-1,2-dichloroethYlene (t-DCE). HFC-43-10mee is a
colorless liquid having a boiling point of 53 C. HFC-365mfc is a colorless
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20trans-1,2-dichloroethylene. In another e%@nent tﬂﬁeconfiﬁoﬁté?ﬁﬁient

conlfstidd Eﬁ"é’é%@nh%“&‘i‘%cﬁ%ﬁﬁ? ﬁ‘§1 i AT A

2% Rampeightite, abnim@a%mblimejghnbbf about 20 °C. HFCP has a boiling

1,1,1,2,2,3,4,5,5,5-decafluoropgntane, about 29 i

300 BBy WG oo S A SR ey oo e cor it

254%byrvesight BYabpurdight oyaeigHiQtary wWeighicRlGrMHABHerIREPN

another ebodimeAL s oRRAliRg©FAMPIee 3.4,5.5.5-
decafluoropentane and 1,1,1,3,3-pentafluorcbutane, from about 2% by
weight to about 50% by weight 1,1 223 3 4-heptafiucrocyciopentane, and

an amount effective in dissolving oils and contaminants of trans-1,2-

30 dichloroethylene.
An effective amount of trans-1,2-dichloroethylene is an amount

which results in substantial solubility of common oils and other
contaminants in the solvent composition. The effective amount may vary

depending upon the ratio of the other components in the solvent
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an essentially constant boiling mixture comprising from about 5% by
weight to about 20% by weight of 1,1,1,2,2,3,4,5,5,5-decafluoropentane,
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dichloroethylene. In yet another embodiment, the compositions comprise

an essentially constant boiling mixture comprising from about 5% by
weight to about 20% by weight of 1,1,1,2,2,3,4,5,5,5-decafluoropentane,
from about 5% by weight to about 20% by weight 1,1,2,2,3,3,4-

30  heptafluorocyclopentane, and from about 60% by weight to about 88% by
weight trans-1,2-dichioroethylene,

in another embodiment, the compositions comprise essentially

constant boiling, azeotrope-like compositions comprising from about 1%
by weight to about 10% by weight of 1,1,1,2,2,3,4,5,5,5-
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WO 2008/073408PCT/US2007/025295 packaging components used in
the semi-conductor industry and are well understood by those working in

“;B%Jjﬁ}@s 108 In another embodiment the present invention re aTt/eU 9:[1;0@%02-295
process for removing residue from a surface or substrate, comprising: e

contiRAysiAR AR TR @bt K i welahidesalonibbate byeasight
invention 28dreceysEnddhapudpentansUbstate K URJhERR PRIt to
In a process, bodiment of the invention, the surface or substrate may be
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process, the means for contacting the surface or substrate is not critical
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increase_in the solubilitg’ of oils and oil residues which are removed by the
cle &SR LOMPESRIS BPHeBRESTE R MNIERE t3@boah &R by weight
emhotINEBi3ikinupRimindy ablRindiyetieadt beo Bguidghamiient 2-
teméieézture A?ding sné | amounts ?;/other h}/drofluorocarboons can,
prod L CBRIBRFCSRARERS $ath R a'ab tddpeouh e ioprpioht of
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20Oc%gz‘i%ﬁg%Bfﬁgél,lé?eo&%géaﬁ(%%ompositions comprising from about 2%
by weight to about 25% by weight of 1,1,1,2,2,3,4,5,5,5-
decafiuoropentane, from about 2% by weight to about 20% by weight

L

1,1,2,2,3,3 4-heptafluorocyclopentane, from about 60% by weight to about
25 90% by weight trans-1,2-dichloroethylene, and from about 2% by weight to
about 5% by weight of an alcohol
In one embodiment, the present inventive azeotropic compositions
are effective cleaning agents, defluxers and degreasers. In particular, the
present inventive azeotropic compositions are useful when de-fluxing
30 circuit boards with components such as Flip chip, uBGA (ball grid array),
and Chip scale or other advanced high-density packaging components.

Flip chips, uBGA, and Chip scale are terms that describe high density



hydrofluorocarbons include 1,1,1,2,3,4,4,5,5,5-decafluoropentane and
1,1,1,3,3-pentafluorobutane. Many aspects and embodiments have

g,% =ibed above and are merely exemplary and not I|
rea(ﬁ] this specification, skilled artisans appreciate that othégr asp%%ﬁsql; 205

6 SORRFEFISIIRAINIBE SEEPRERGriM iustyprerar wel
Invms@mbm@gswﬁ@ﬁﬁﬁé gERNY one or more of the

embodlments herein descriped wil] be apparent from the following

examples, AAAYFORT FERPGIHEM SrSRRRSE HVent ‘%é@%ﬁ?@e&? process
desrifrechbeirgineditibe frsther sieseribed dnithe deliovdng expypiesixndich
d tli m th he entlon de rlbe in the claims. 15
UL E i ek e e
HF@‘Q@VE@"@@} e Brand slaats r@nlitelowetydédion. A solution
f33% H 6, hyl
Srepared iﬁg rl%ig%% orougﬁﬁ ?ﬁe sﬁﬁtﬁ%@vﬁé@%&ﬁ% Hﬁ%ﬁéa%u L&b&({%i
apparit e &N dRisgrate tgireiudeyired dskipb @@ﬂ%dhﬁama@i@m@ses
at theshofing it qfﬁ@%@#&@éﬁ EheaRariconaen s iR eRRGaWith

flask (the rinse sump), which then flowed by gravity back into the first

101 askarieies Bipp i GRMPrpRbHissih 6%%@%@@*%1&&@@@ n%f%ﬁ%e

SUMRRYHEEAY RATHERAEVE! arRaUsAAlAdPtpiRiten R eRliB ARIN
are summ%r:ged in Table 1. WO 2008/073408PCT/1JS 007/02529

TABHES] Sﬁ’@%ﬁﬂé‘gﬁ%\ﬁ%ﬁé%ﬁ?@ {6t Jﬁ@é@ﬁ%%ﬁéﬂ%&?&%%
&gmﬁmdyﬂ@wm macstheerliogeot andpatedsitierpddazaaispeclikding but

E f 1 o HEC-43- 500 HFC-c447,
B e 1o RO RS TR SEGaEL RA N eyl W gyater

15m|xe@ubéﬁbtaghi)0mr(e!g@mmmas @ianmidta%muualbmmmawlasted to

Shoﬁé‘f!ﬁé?éf'&ﬁenjrotgp& a%glgﬁlg&qesgmp) was operated at the boiling

point of 10the Solution. THe vapor condensed into the second flask (the
rinse in the inventive process, the means for contacting the surface or

substrate is not critical and may be accomplished by immersion of the
device in a bath containing the composition, spraying the device with the

20 composition or wiping the device with a substrate that has been wet with

25

the composition. Alternatively, the composition may also be used in a
vapor degreasing or defluxing apparatus designed for such residue
removal. Such vapor degreasing or defiuxing equipment is available from
various suppliers such as Forward Technology (a subsidiary of the Crest
Group, Trenton, NJ), Trek industries (Azusa, CA), and Ultronix, Inc,
{Hatfield, PA) among others.

In one embodiment, there is a significant and unexpected increase
in the solubility of oils and oil residues which are removed by the cleaning

compositions of the present disclosure.

30 in another embodiment, it is useful to be able to have HFCP be a

liquid at ambient temperature. Adding small amounts of other
hydrofluorocarbons can produce solvent compositions which are liguid at
temperatures from ambient to as low as 0 °C. In one embodiment, such



sump), which then flowed by gravity back into the first flask. The

temperature of the boil sump and the composition of the rinse sump were

SARYr 9 gver a course of 435 minutes. Results obtained
W B T able 2 15TABLE 2 Sample Temp of % HEC- % HEC- %%

e r/1s2007/025295

trarfydsafio(gnash o EEHER . 10n%ed 447, DEEeqaByoropentane and

16

15

20

25

1,1,1.3, 3-pentafiuorcbutane.

Many aspects and embodiments have been described above and
are merely exemplary and not limiting. After reading this specification,
skilied artisans appreciate that other aspects and embodiments are
possible without departing from the scope of the invention.

Other features and benefils of any cne or more of the embodiments herein
described will be apparent from the following exampies, and from the
claims.

EXAMPLES

The concepts described herein will be further described in the
following examples, which do not fimit the scope of the invention
described in the claims.

Example 1
Example 1 demonstrates an essentially constant boiling mixture of

HFC-43-10mee, HFC-c447 and trans-1,2-dichloroethylene.

A solution of 33% HFC-43-10, 8 % HFC-c447 and 58 % trans-1,2-
dichloroethylene was prepared and mixed thoroughly. The solution was
placed in a dual bulb apparatus as shown in Figure 1. One flask (the baoll
sump) was operated at the boiling point of the solution. The vapor
condensed into the second flask (the rinse sump), which then flowed by
gravity back into the first flask. The temperature of the boil sump and the
composition of the rinse sump were measured over a course of 470

minuies. Results obtained are summarized in Table 1.
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15

20

146.319.013.067.30.7246.818.712.967.4 1.0 346.8 18.4 13.0 67.3

1.2 Results s_how the boiling point and composition does not change
ML VU Lot vt i

trans 1,2- TABLE 1

Sample Temp of boil | % HFC-43- | % HFC-c447 % trans DCE

(time)ﬁ surﬁp ¢ C) 10mee

1 4786 43.0 5.4 51.6

2 47.0 40.4 6.1 53.8

3 47.2 9.7 6.3 54.0

4 46.7 38.3 6.5 54.2

Results show the boiling point and composition do not change significantly
over time and therefore can be considered azeotrope-tike.
Example 2

A solution of 15% HFC-43-10, 15 % HFC-c447, 68 % trans, 1,2-
dichloroethylene and 2 % lsopropyl aicohol was prepared and mixed
thoroughly. The solution was placed in a dual bulb apparatus as shown in
Figure 1. One flask (the boil sump) was operated at the boiling point of
the solution. The vapor condensed into the second flask (the rinse
sump), which then flowed by gravity back into the first flask. The
temperature of the boil sump and the composition of the rinse sump were
measured over a course of 435 minutes. Results obtained are
summarized in Table 2.

TABLE 2
Sample Temp of % HFC- % HFC- % trans % 1IPA
(time) boill sump | 43-10mee c447 DCE
<)
46.3 19.0 13.0 67.3 0.7
2 46.8 18.7 12.9 67.4 1.0
46.8 18.4 13.0 67.3 1.2

Resuits show the boiling point and compaosition does not change
significantly over time and therefore can be considered azeotrope-like.

Exampie 3
A solution of 4.5 % HFC-43-10, 5.0 % HFC-c447, 87.5 % trans 1,2-

dichlorcethylene and 3.0 % methanol was prepared and mixed thoroughly.

10




dichloroethylene and 3.0 % methanol was prepared and mixed thoroughly.
WO 2008/073408PCT/US20071025295 The solution was placed in a dual

w 51% gtus as shown in Figure 1. One flask (the boll Sufkp?/%@ﬁom 5205
op erat at the b0|I|ng1 point of the solution. The vapor condensed into the

setha nalitioh ¥ asRIRtES Iy URHRARER HSREIASySHRWIY hEIRJ -
tﬂe %rﬁé Ii;ha&k dne 5emm$y@@fgb@raﬁﬂ%ﬁmmafmsﬁggf@mmpﬂ%tw@fon.
the djstillate s syred over a co 0 inutes..Re

ot S SR A OT B S PRIEE B ARIAR THREL AR
6.2% 4RSIk ! @@W@ioéﬁtf&7ﬁ%ﬂmﬁﬁ I}% thoneradting

was are nd mixed horo T olution was plac

bulb apé)araﬁﬂs ascgﬁgjwn i F |l%uqr%eylﬁg#‘?a 5ol TIaeK Was rgsgrga d% % t%m
boiltryipssinf b erdolitien Rﬁw%pbim@m@@' cattieedecohelfiask

(the distillate flask), which then flowed by gravity back 15|nto the first flask.

The temperature of the boil flask andié-Bagnposition of the distillate flask

Lo

weTSIRgAsUTed OVeR® %@urseg@wmmiﬁﬁi,gs.gp@sdﬁs obtaiped gre o
summarized in|Table 4. TABLE 4 _Example 5 A solution of 14.7 %

HEEIDEN 0, 15,09 SEERAAPaHI P2 06 (FAAE 1,21dicHrSethy|eREHREO!
pr pared and rmxe()btnq)roughly The 5solution was glaced in a dyal bulb

Aaratric ac ra 1 hao haoll flaclk wac Aanaratad a holing
yas

ok BHURB 2blLtior e velpor Guhdended o the decond fack (e, S

digtitlgey flask),| whielg then flowed.By gravity Bagk intp the8first flagk. Tres
te i%enflture ofithe boil flask and the composition of the distillate flask
were measured over a course of 465 10 minutes. Rgsults obtainad are

suninfagided in|Tab#®% TABLE %.8 52 85.2 3.8
min}

Example 4
10 A solution of 6.2 % HFC-43-10, 6.1 % HFC-c447, 87.7 % trans 1,2-

dichloroethylene was prepared and mixed thoroughly. The solution was
placed in a dual bulb apparatus as shown in Figure 1. The boil flask was
operated at the boiling point of the solution. The vapor condensed into
the second flask (the distillate flask), which then flowed by gravity back

15  into the first flask. The temperature of the boil flask and the composition of
the distillate fiask were measured over a course of 480 minutes. Resulis
obtained are summarized in Table 4.

TABLE 4
Sample Temp of boil | % HFC-43- | % HFC-c447 | % trans DCE
{time) sump (° C) 10mese
1 (120 min) 47.7 8.9 6.9 83.2
2 (240 min) 47.5 8.9 6.8 84.3
3 {360 min) 48.2 8.9 6.7 84.4
4 {480 min) 48.2 8.3 6.5 85.1

11



15 Example 6 A solution of 42.7 % HFC-365, 8.3 % HFC-c447 and 49.0
% trans 1,2-dichloroethylene was prepared and mixed thoroughly. The
w%‘iﬁ&#% was placed in a dual bulb apparatus as shown in Hguighedas29s
ol asf{ was operated at the boiling point of the solution. The vapor
condensed 20into the second flask (the distillate flask), which then flowed
by gneiplaaek into the first flask. The temperature of the boil flask and

the compasition of the distillat r ver a.cou 0
minutes. Ifé%ﬁ’l‘t@a%%fﬁ r?e% a%%%%?%%iﬁgﬁg@%%%%@ —%é?’ ané%%{ 4:/%
20G840¢34PIRC KIS 2005182529 B EABIE 6 ftkenivsie hoosghiionl 8£10.3
% HFEC:365, 19.7,% HFEC-c447.and 70.0 % 5%.2-di n
eSS G A QB e R e

bulbaipfesktweaspteiadiatiigubsling rebbipfilgsoldioperdiet vame
boiling, poitofihe sAWIon HeVRRMLCARIRRReAI0K, heisreand flaskd by

(the distillate flask), which then flowed by gravity back intg the first flask

Theotamipdhbatidnt? the Bt fiask ahbatempasapo skt sothlaskantdne

flaskanaiesmeasirekd oNefiReosR AEASthaiRues Resultsnbiaingdiate
summarized in Table 7. TABLE 7 15 Example 8 ?x%!'n@le 8 demonstrates
10the "&by BERVERRREHEE ﬂ%ﬁ%@@’%@& {in@&Sf 8f composition. -

The solubility of ML 5606 hydraulic fluid was determined in various
20mixtures of HFC-43-10mee, HFGFA%Ldérgns-l,2-dich|oroethylene by

L5

Sample Temp of boit | % HFC-43- | % HFC-c447 | % trans DCE
{time) sump {° C) t0mee
1 (105 min} 48.3 18.8 12.9 68.2
2 (225 min) 47 .1 19.8 12.5 67.9
3 (345 min) 46.9 19.2 12.8 68.0
4 (465 min) 46.6 18.1 13.2 68.7
15 Example &

A solution of 42.7 % HFC-365, 8.3 % HFC-c447 and 49.0 % trans
1,2-dichloroethylene was prepared and mixed thoroughly. The solution
was placed in a dual bulb apparatus as shown in Figure 1. The boil flask
was operated at the boiling point of the solution. The vapor condensed

20 into the second flask (the distillate flask), which then flowed by gravity
back into the first flask. The temperature of the boil flask and the
composition of the distiliate flask were measured over a course of 480

minutes. Results obtained are summarized in Table 6.

12



preparing saturated solutions of hydraulic fluid in the various solvent WO
2008/073408PCT/US2007/025295 compositions, and then allowing the

W&%\ég}ﬂ%&gvaporate to determine the weight fraction hydragpigolsReauHiss
are summarized in Table 8. TABLE_8 %HFC-43- 10meee % HFCP %

trans Solubility ML 5606 30 30 40 <8828 275 45< 0.5 27

Sample Temp of boil % HFC- % HFC-c447 | % trans DCE

(time) sump (° C) 368mfc

1 39.6 50.1 37 46.2
2 40.0 - 1482 3.9 48.9
3 40.0 48.7 4.1 47.2
4 40.0 48.6 4.2 47.2
Example 7

A solution of 10.3 % HFC-365, 19.7 % HFC-c447 and 70.0 % irans
5 12-dichloroethylene was prepared and mixed thoroughly. The soiution

was placed in a dual bulb apparatus as shown in Figure 1. The boil flask
was operated at the boiling point of the solution.  The vapor condensed
into the second flask (the distillate flask), which then flowed by gravity
hack into the first flask. The temperature of the boil flask and the

10 composition of the distillate flask were measured over & course of 460
minutes. Resulis obtained are summarized in Table 7.

TABLE 7
Sample Temp of boil % HFC- % HFC-c447 | % trans DCE
(time) sump (° C) 365mic
1 (100 min) 48.7 12.2 18.2 69.6
2 {220 min) 46.9 13.4 16.9 69.7
3 (340 min} 47.0 12.6 17.6 69.8
4 (460 min) 45.9 12.1 17.8 70.0

i5
Example 8
Example 8 demonstrates the solubility of hydraulic fluid in mixtures
as a function of composition.
The solubility of ML 5606 hydraulic fluid was determined in various
20 mixtures of HFC-43-10mee, HFCP and trans-1,2-dichicroethylene by
preparing saturated solutions of hydraulic fluid in the various solvent

13



27 46 <0.526.526.547 22 25.5 25.549 25 25 25 50 28 24.5 24.5 51 >
89 5

WO 2008/073408 PCT/US2007/025295
compositions, and then allowing the solvent o evaporate to determine the
weight fraction hydraulic oil. Results are summarized in Table 8.

TABLE B
YoHFC-43- % HFCP % trans Solubility ML
10Omeee 5606
30 30 40 < 0.5
27.5 27.5 45 <0.5
27 27 48 < 0.5
26,5 286.5 47 22
255 25.5 49 25
25 25 50 28
24.5 245 51 > 89

Example 9
Example 8 demonstrates the solubility of hydraulic fluid in mixtures

as a function of composition.
The solubility of ML 5606 hydraulic fluid was determined in various
10 mixtures of HFC-365mfc, HFCP and trans-1,2-dichloroethylene by
preparing saturated solutions of hydraulic fluid in the various solvent
compositions, and then allowing the solvent to evaporate to determine the
weight fraction hydraulic oil. Results are summarized in Table .

15 JABLE 8§
%HFC-365mfc % HFCP % trans Solubility ML

5606

30 30 40 0.5%

28.5 29.5 41 33%

28 29 42 36%

28.5 28.5 43 38%

27.6 27.5 45 48%

27 27 46 90%

14



E>_<ample 9 Example 8 demonstrates the solubility of hydraulic fluid in
mixtures as a function of composition. The solubility of ML 5606 hydraulic

ngib% termined in various 10 mixtures of HFC-365mfGHRGR@nds295

10

15

20

trans- l 2 ichloroethylene by preparing saturated solutions of hydraulic
fluid in the various solvent compositions, and then allowing the solvent to
evmg{gg@m@etermine the weight fraction hydraulic oil. Results are

summarized in Table 9. 15TAB E9 %HEC-365mfc % PO
Solubility ﬁ/ff%é’@a% %%s%t@ bvigo 5%&?‘%&%3 hé%& G2 e

and HFC-c447. Blends were prepared by weighing appropriate amounis
of the two hydrofluorocarbons into sample bottles and then shaking to mix
thoroughly. The samples were then placed in a storage chamber
maintained at 0° C for 24 hours, and then observed. Dbseniaticms'are
recorded in Table 10.

TABLE 10
Wi % HFC-43-10mee Wit % HFC-c447 Appearance
2 a8 Frozen solid
5 85 Frozen solid
B 92 Frozen solid
10 90 Liguid with 10% solid
15 85 Clear liquid

Example 11
Freezing points were determined by mixtures of HFC-365mifc and

HFC-c447. Blends were prepared by weighing appropriate amounts of the
two hydrofiuorocarbons into sample bottles and then shaking to mix
thoroughly. The samples were then placed in a storage chamber
maintained at 0° C for 24 hours, and then observed. Observations are
recorded in Table 11.

TABLE 11
Wit % HFC365mfc Wit % HFC-c447 Appearance
0 100 Solid
5 95 Solid w/ 5% liquid
10 90 Liquid w/ 10% solid
15 85 Ligquid
20 8C Liquid
25 75 Liquid

15
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10

15

20

25

42 36% 28.5 28.5 43 38% 27.5 27.5 45 48% 27 27 46 90% WO
20081073408PCT11JS20071025295 Example 10 Freezing points were

8%%%%@%% by mixtures of HFC-43-10mee and HFC-c447. g&ﬁ%j&&ﬁf{ﬁsz%

prepared r@/ weighing appropriate amounts 5 of the two

hydrofluorieseubatnRiakahie seivdiesdesqaheshaRpitpds g general
thorpughlyidheshepleswwese Hendyased, ithatsigieamahdadecific

maintained at 0 C for 24 hours, and then observed. Qbservati .
recBRIY MRy IeYE requ?reé , and that one or more uﬁﬁez’ ac mtlgrsemay be
performed in addition to those described. Still further, the orders in which

activities are listed are not necessarily the order in which they are
performed,

in the foregoing specification, the concepts have been described
with reference to specific embodiments. However, one of ordinary skill in
the art appreciates that various modifications and changes can be made
without departing from the scope of the invention as set forth in the claims
below. Accordingly, the specification and figures are to be regarded in an
dlustrative rather than a restrictive sense, and ali such modifications are
intended o be included within the scope of invention.

Benefits, other advantages, and solutions to problems have been
described above with regard to specific embodiments. However, the
benefits, advantages, solutions {o problems, and any feature(s) that may
cause any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential
feature of any or all the claims.

It is to be appreciated that certain features are, for clarity, described
herein in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features that
are, for brevity, described in the context of a single embodiment, may also
be provided separately or in any subcombination. Further, reference to
values stated in ranges include each and every value within that range.

16



TABLE 10 10 Example 11 Freezing points were determined by

mixtures of HFC-365mfc and HFC-c447. Blends were prepared by

weighing appropriate amounts of the two hydrofluorocarbons into sample
bottles and then shaking to mix 15 thoroughly. The samples were then
placed in a storage chamber maintained at O C for 24 hours, and then
observed. Observations are recorded in Table 11. TABLE 11 wo
201)8/073408Pcuus2007/02529% | Aliote that not all of the activities

d scriPed above in the general description or the examples are required,
h@?d?:fﬁgﬂ? of a specific activity may not be required, and that one or

1. morg fusthertagtivifies compbsiparfonmed smgdtitior2ts those described.

Still further, t rders, in ywhi I\ | [ necessarily

the Vgredéqﬁi rflovlﬁf%gf e\%)'/éiﬁg%gr (?P?%lé %S&Sléhg ﬂ%ﬁ%ﬁgfﬁ%ﬁ specification,

the Toncéptsdrave beasistesribddwith Pefebehbebib-spsafisoropentane, from
embRrREN e SheRns, chergiaiy gl InlaciakbBRRTESIBISR akntane.

|

various modi lons and changes can be made 10 without departing
frontrk @t Gecomninelipoidreith Asssevigthiln 8l GamATHeRRS of trans-1,2-
Accordinghyetheispecification and figures are to be regarded in an

illustrative rathér than a restrictive sense, and all such modifications are

2. intertdsys®BROFERHEH AN WELSPL S FIURREIHOBERBIRE S6ther

advagiages, apehsolutiops to pioblemghite been 15 deseribedmboveweight
with regard to sgemﬂc embqdiments. How?/er, tl—g;) enefits a%gaptagﬁ% by

solutiohd-fosproBiems SREHHO REENERS tHA Pha 8a§§e‘gﬁ§9 nefit
advapgages, 01 SRIRIK0, toregtafiosegeupaniznesp rombeh et b4 Viobyosaghi
conr?}rued azia cc%ical [ é%uirggd, or essential feature of any or all the

clai ?.nffﬂt" ?5 9 0pbpr CiAed that certain features are, for clarity,

3. descithedazemtiope- e conterbeitiseparhitelaimbddimbatsimméyealsopeosition

pfOV&%%qgﬁs%%%gtg%i%i @fggéﬁtbefabs@mgt- erpaly,vasious 4 5 5 5-

features that are, Vit ribed In the ontex@%fasm%le

embdeiakueronaptare, Heoprodidebysuightely cHOb by WatgBnbihaidrs.3.4-
Further LRieeOCR IR nYae SaIatarbin '3R9SSIPCEIg AR B08:C ¥ Yweight

value within thatrange.
frans-1 ,2-dichloroethylene.

4, The azeotrope-like composition of claim 1 wherein the composition
comprises from 5% by weight to 20% by weight
11 1 ,2,2,3,4,5,5,5-decafluoropentane, from 5% by weight to 20% by
weight 1,1,2,2.3,3 4-heptaflucrocyclopentane, and from 60% by weight to
88% by weight trans-1 ,2- dichloroethylene.
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CLAIMS What is claimed is: 1. An azeotrope-like composition comprising:
from 2% by weight to 50% by weight of a hydrofluorocarbon selected from
the group consisting of 1,1 ,1 ,2,2,3,4,5,5,5-decafluoropentane, from 2%
by weight to 50% by weight 1,1 ,2,2,3,3,4-heptafluorocyclopentane, and
an amount effective in dissolving oils and contaminants of trans-1 ,2-
dichloroethylene. 2. The composition of claim 1 wherein the composition

. comprises Hem He ka3 %oy Sight teF A48y Weiglat comprising from 1% by
1.1,1,2, ,3%4, b?,%—decaﬂuor%‘%nt ne, from 2% by weight to 50% by
WeidYﬁ';g.z, 1997, 3;"4%%%1% aﬁ?gwéntane, and at least 47% by weight

. transtike, 2-dichteredibyleoedsThe afedtiopé-like=ceimpositicbbiclaissibcied
wherein the composition comprises from 2% ght t 9 '

T S s e el A o p ey, bano
weigmcilZir2e2t ¥R 4piapptatiuorocyclopentane, and from 54% by weight to
90% ' ,2-d h The azsQiopadik e 7.
’ COJ&%%?%#%@R% v%her ingiﬁgﬁcgdrﬁpr}ggﬁ%n@comprisgsp%%m%%/ghbci/! s 2
weighere28% by weight 1.1 ,1 ,2,2,3,4,5,5,5-decafluoropentane, from 5%

. by weighLto 203 byjueight hds2iér. 3¢ -Bepiaflyoreyriapemanecafibsition
from 60% by weight to 88% by weight trans-1 ,2- dichloroethylene. 5. The
azeBWHPEIRE compBsition 6f clal 1 fuHBBNéompfsingrdtn 108py weight
wle?gh%t,os ﬁ%,@a}ﬁ?sgz?s%i@ﬁd@fbgbdﬁ?ﬁep ﬁéﬁotm@eb%m@ﬂpq?itw/@f by
claim 5 wherein the alcohol is selected from the grou Isting 0
metHEIBI A8 LRI BRI AT - ohdpRE o 90%
Thepgzgelpnar ks compasiitsroteiaions, wineréiorthe W dsheolaiy®t proh by
not 8. The azeotr -Iit\? composition of claim 5 wherein the composition
conf§Fighs ‘?I}Zo?ﬂ 3%‘%&‘7 nveight to 25% by weight 1.1 ,1
,2,2,3,4,5,5,5-decafluoropentane, from 2% by weight to 20% by weight
1,1,2,2,3,3,4-heptafluorocyclopentane, from 60% by weight to 90% by
weight trans-1 ,2- dichloroethylene, and from 2% by weight to 5% by

weight of an alcohol.
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