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Description of Related Art. .

[0003] Flux residues are always present on microelectronics
components assembled using rosin flux. As modern electronic circuit
boards evolve toward increased circuit and component densities, thorough
board cleaning after soldering becomes a critical processing step. After
soldering, the flux-residues are often removed with an organic solvent.
De-fluxing solvents should be non-flammable, have low toxicity and have
high solvency power, so that the flux and flux-residues can be removed
without damaging the substrate being cleaned. Further, other types of
residue, such as oils and greases, must be effectively removed from these
devices for optimal performance in use.

[0004] Alternative, non-ozone depleting solvents have become
available since the elimination of nearly all previous CFCs and HCFCs as
a result of the Montreal Protocol. While boiling point, flammability and
solvent power characteristics can often be adjusted by preparing solvent
mixtures, these mixtures are often unsatisfactory because they fractionate
to an undesirable degree during use. Such solvent mixtures also '
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fluorinated olefins and at least one compound selected from the group
consisting of halocarbons, fluoralkyl ethers, and hydrofluorocarbons,
wherein the at least one compound is not trans-1,2-dichloroethylene
alone, C4FgOCHj3; alone, HFC-43-10mee alone, HFC-365mfc alone, or a
mixture of trans-1,2-dichloroethylene and C4;F9OC2Hs. In one
embodiment, the at least one compound is selected from the group
consisting of:

n-propylbromide;

trichloroethylene;

tetrachloroethylene;

trans-1,2-dichloroethylene;

methanol;

ethanol;

n-propanol;

isopropanol;
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CAF90C2H5J HFC- 43- 10nee; HRC- 365nfc and conbi nati ons

t hereof. [0008] In one enbodi nent, the conpositions
are azeotropic or azeotrope-like. Additionally, the
present invention relates to processes for cleaning
surfaces and for renoving residue from surfaces, such
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DETAILED DESCRIPTION OF THE INVENTION

[0009] Applicants specifically incorporate by reference the entire
contents of all cited references in this disclosure. Further, when an

amount, concentration, or other value or parameter is given as either a
range, preferred range, or a list of upper preferable values and lower
preferable values, this is to be understood as specifically disclosing alt -
ranges formed from any pair of any upper range limit or preferred value
and any lower range limit or preferred value, regardless of whether ranges
are separately disclosed. Where a range of numerical values is recited
herein, unless otherwise stated, the range is intended to include the
endpoints thereof, and all integers and fractions within the range. It is not
intended that the scope of the invention be limited to the specific values
recited when defining a range.
[0010] In one embodiment, the present invention relates to
compositions comprising compounds having the formula E- or Z-
R'CH=CHR? (Formula l), wherein R and R? are, independently, C1 to C5
perfluoroalkyl groups, and at least one alcohol, halocarbon, fluoroalkyl
ethers, or hydrofluorocarbon and combinations thereof. Examples of R!
and R? groups include, but are not limited to, CF3, CoF5, n-CaF7, i-CsFv, n-
C4F9, Nn-CsF11, and i-C4Fg. Exemplary, non-limiting Formula | compounds
are presented in Table 1.

Table 1

Code Structure IUPAC Name
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n-C3F;CH=CH(n-C4Fg)

1,1,1,2,2,3,3,6,6,7,7,8,8,9,9,9-
hexadecafluoronon-4-ene

F3i4E i-C3F7CH=CH(n-C,F;) 1,1,1,2,5,5,6,6,7,7,8,8,8-triskaidecafluoro-
2(triftuoromethyloct-3-ene

F44E n-C4FsCH=CH(n-C4Fg) 1,1,1,2,2,3,3,4,4,7,7,8,8,9,9,10,10,10-
octadecafluorodec-5-ene

[0011] Compounds of Formula | may be prepared by contacting a

perfluoroalkyl iodide of the formula Rl with a perfluoroalkyitrihydroolefin of
the formula RZCH=CH, to form a trihydroiodoperfluoroalkane of the
formula R'CH,CHIR?. This trihydroiodoperfluoroalkane can then be
dehydroiodinated to form R'CH=CHRZ. Alternatively, the olefin
R'CH=CHR? may be prepared by dehydroiodination of a
trihydroiodoperfluoroalkane of the formula R'CHICH,R? formed in turn by
reacting a perfluoroalkyl iodide of the formula R?l with a
perfluoroalkyltrihydroolefin of the formula R'CH=CHb.
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cqqorads, Wemnpematures for contacting of said perfluoroalkyl iodide with
said perfluoroalkyltrihydroolefin are preferably within the range of about
150°C to 300°C, more preferably from about 170°C to about 250°C, and

most preferably from about 180°C to about 230°C. Pressures for

contacting of said perfluoroalkyl iodide with said
perfluoroalkyltrihydroolefin are preferably the autogenous pressure of the
reactants at the reaction temperature.

[0015] Suitable contact times for the reaction of the perfluoroalkyl
iodide with the perfluoroalkyltrihydroolefin are from about 0.5 hour to 18
hours, preferably from about 4 to about 12 hours.

[0016] The trihydroiodoperfluoroalkane prepared by reaction of the
perfluoroalkyl iodide with the perfluoroalkyltrihydroolefin may be used
directly in the dehydroiodination step or may preferably be fecovered and
purified by distillation prior to the dehydroiodination step.

[0017] In yet another embodiment, the contacting of a
perfluoroalkyliodide with a perfluoroalkyltrinydroolefin takes place in the



the ligand, L, can be a phosphine |ligand, a phosphite

i gand, a carbonyl ligand, an isonitrile ligand, an
w@bdoeness? gand, or a conbi nation thereof. |n OPET/BE82ON7/005244

enbodi nent, the Ni(OU conplex is a Nil _2(CO 2

conplex. In one particular enbodi nent, the Goup VIII

transition netal conplex is bis(triphenyl

phospi ne) ni ckel (O dicarbonyl. In one enbodi nent, the

rati o of perfluoroal kyl iodide to

perfl uoroal kyl t r| tydrool efin is between about
apgegenrRee of ajcatalyst. dmeng ﬁmhod'mﬁ@ttebﬁw@tamaéalm 5% Group

CQ/HIQFdrié‘Iﬁbr?Fné’cél EbrABIdx. URE PRI tativRIGHSUFWAIN tr%ﬁbﬂlon metal

perfluoroal kyltrihydroolefin in the presence of
c oalexes inclyge hwithewldinisation, @ergwa nts\bbccpmpd@eﬁﬁ wherein

f f
180 gl Er B £PHORIRiggh e TR AL ks o
t igandnaadsonitrite lipend: ae allfﬂnﬁt ilgﬂndufortaweombmatlon thereof In

rfl
Do S%0rE 8RRl i il Bmaies .2 Mk GO complex. In
cand patticutarfembodiowant, thebGnoup Vil traipsitionli®etallosnplex is
a ot her, e nent .. the fact ti fro b .
RS HhspentshSup e bnuivia o iobe PP aRRgt, fhe ratio
It &)f%ib”rﬂuerbaubyl K?Iyidéwml e dldr@a!Herhyckl)rooleﬁn |sbb?tween about 3:1
ri er f| uor oal kane a ba ubs e. .
b BH B Lo oBE I SAE e fh5 R TRlE (b Gan Beting of said
%rﬂﬁbﬂi%ﬂky(l %&ide Wit 54 Mﬁeiﬁéil@ylﬁfhy@ﬁéél%ﬁh YAthe presence
hydr oxi de), i metal oxide (for exanple, sodium

oﬂf@ec;at%rstaﬁ \wéhleath@ range of ahyut 8Qr@de ap@ug 1302G| dn@nother

[ ofd UM
ox%gééﬁg%@ta?#é(ﬁée'bggra@ ko%fﬂﬁ'haé(bo% .gféﬁé %%Uée@og de
or[(mmsnlm etlhmriedahbodn{nmwmeiwmacatnmfﬁruhe aeaction of the
rrixt res asi.c sub tanc suc

Pt dpde i B BeTcr s ShufdtoRienn ihg presence of
Pad aatilystid Yidheubaat 0[531@8@1 tosbsutcrahegts. nm aothbe

trlh droi odoper fl uoroal kane with a basic su éﬁnce may

arebprieent e Rentachiime 11T shautd oyt 4 heurs.
pfmilgs of ﬁwéeéw&bmﬁa@ér@s@‘ i rAbY o b@/tcdrﬂaéﬁng?\the
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substances include alkali metal hydroxides (e.g., sodium hydroxide or
potassium hydroxide), alkali metal oxide (for example, sodium oxide),
alkaline earth metal hydroxides (e.g., calcium hydroxide), alkaline earth
metal oxides (e.g., calcium oxide), alkali metal alkoxides (e.g., sodium
methoxide or sodium ethoxide), aqueous ammonia, sodium amide, or
mixtures of basic substances such as soda lime. Preferred basic
substances are sodium hydroxide and potassium hydroxide.

[0020] Said contacting of the trihydroiodoperfluoroalkane with a
basic substance may take place in the liquid phase preferably in the
presence of a solvent capable of dissolving at least a portion of both
reactants. Solvents suitable for the dehydroiodination step include one or
more polar organic solvents such as alcohols (e.g., methanol, ethanol, n-
propanol, isopropanol, n-butanol, isobutanol, and tertiary butanol), nitriles
(e.g., acetonitrile, propionitrile, butyronitrile, benzonitrile, or adiponitrile),
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[0023] Alternatively, the dehydroiodination reaction may be
conducted by contacting an aqueous solution of said basic substance with
a solution of the trihydroiodoperfluoroalkane in one or more organic
solvents of lower polarity such as an alkane (e.g., hexane, heptane, or
octane), aromatic hydrocarbon (e.g., toluene), halogenated hydrocarbon
(e.g., methylene chloride, ethylene dichloride, chloroform, carbon
tetrachloride, or perchloroethylene), or ether (e.g., diethyl ether, methyl
tert-butyl ether, tetrahydrofuran, 2-methyl tetrahydrofuran, dioxane,
dimethoxyethane, diglyme, or tetraglyme) in the presence of a phase
transfer catalyst. Suitable phase transfer catalysts include quaternary
ammonium halides (e.g., tetrabutylammonium bromide,
tetrabutylammonium hydrosulfate, triethylbenzylammonium chloride,
dodecylitrimethylammonium chloride, and tricéprylylmethylammonium
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t rtrihydraiodolpgrélublroaikae kaonetor more solidor iquidibasior

l'iguid basic substance(s). [0025] Suitable reaction
ti%q?'a?e(lsﬁe dehydr oi odi nation reactions are from

abppw253 M ralikbié PeAEtRDH timieX fEPtHesdGydTRIRIiNae fiagions
on the solubilj t%iof the reactants. Typi cal

I t he
JHEHTIMRR A AR ings i hoUE SPchpUrsSiampEy depeadingan the
305611:61“&3?&&1% rebetdnts h Wﬁidmyrtﬁefdéhygmh%iﬁ@ﬁ-reb%}s rapid
a

The conmpound of fornmul may be recovered fromthe

deARdFAYEIHBRPWBY BuRYIeSHoAbAUS taresyhersder completion.
SefEh 260N, TR EoMPohdaSFifSFmaEdi ﬁmbgfbé#edb%g%% grBVr} the

distillTation, or by a conbination thereof. |
ardehysroindinatiorerractionanixtwerky phase sepatatian, optionally after

CORISE Yoy SRR P Bl
(t E@ORZAr ondntayiother emboditert, tieinvanteandaiates da sompasitions

o AR e RRORAhU SR Rl heCORE 2 2258 5 nonafuoro-4-

hydritkidroanethpl){3pentafionis, (REHG AEhRay leasd twd Tonigbui)ds

angellegted from the group consisting of alcohols, halocarbons, fluoralkyl
ethers, and hydrofluorocarbons. PEIK has CAS Reg. No. 756-13-8) and is
available from 3M™ (St. Paul, MN).
[0028] In yet another embodiment, the invention relates to
compositions comprising nonafluoro-1-hexene (3,3,4,4,5,5,6,6,6-
nonafluoro-1-hexene), (PFBE), and at least one compound selected from
the group consisting of alcohols, halocarbons, fluoralkyl ethers, and
hydrofiuorocarbons. ’3,3,4,4,5,5,6,6,6-Nonaﬂuoro—1 -hexene, also known
as HFC-1549fz, has CAS Registry Number 19430-93-4 and is available
from E.l. DuPont de Nemours & Co (Wilmington, DE).
[0029] In yet another embodiment, the invention relates to a process
for cleaning surfaces using azeotropic or azeotrope-like compositions
comprising a fluorinated olefin, or a fluorinated ketone and at least least
one compound selected from the group consisting of alcohols,
halocarbons, fluoroalkyl ethers, and hydrofluorocarbons.



avai lable from3Mtm (St. Paul, MN). [0028] In yet
anot her enbodi ment, the invention relates to

W@ o09poaissT ons conpri si ng nonafl uor o- 1- hexene PCT/US2007/005244

(3,3,4,4,5,5,6,6,6- nonafl woro-1-hexene), (PFBE), and
at | east one conpound sel ected fromthe group

consi sting of al cohols, halocarbons, fluoralkyl

et hers, and hydrof | uorocarbons.
3,3,4,4,5,5,6, 6, 6-Nonaf | uoro-i -hexene, also known as

HEC- 1549f z, _has CAS Regi stry Nunber 19430-93-4 and is
038} e fdbm ﬂz!qr?leﬁumfﬂ%%e le P&IKs 2pd & BE may be

(\BoliBiRgd AWith B comBBdAls histedeh m%@fo RMROgeHresent

the invention relates to a process for cleaning
sIRYUVE ermpgsiiizes: Mg 2t lspsbere coaroundeelected from the

¢ BB oSG RIS, Ralbbaidr3] EGrGAIRY dined, of
s dlydeoftuprocarharisctodoe apmbimed withrigFBE shallomet kg an alcohol,

h t

gt o bl RstYlop®  FaF o cacriepe G431 qmeg alone,
PHRC-388mfeFalBnepyr aenixturki ofdchnve-1 |2-dichlaroetiglents and

[ a@é{n Table 2 to formthe present inventive

c |

40ns. The at |east one conpound sel ected from
the group consisting of al cohols, hal ocarbons,

fluoroal kyl ethers, or hydr carbons to be
conmbi ned with PFBE shal l nﬂétgag al cohol, trans-1

Z2- dI CNafieOet Nyl ene chiemkiCal formmiaXH3 [al O0$§nonym CAS registry

e anac1 oo chllar et byl one and caradEo PR fip [° Humber
2[Hadacarbens. conpounds listed in Table 2 are
dariehidreatayléne av QICHIHGCI r om ch_elm E.a] 1‘3mlppl an9u§e§79-o1-6
AR R TIREE TEOR008R" < avai | abl d [vom £ 1. Duba
dd°Nermours & Co|(W I mington, DE). HAC 365nfc is
gverdhitibbethylerein $ol vay- Sol exi s. [0032] The conpositions
Lfn-br@ﬁylﬁbﬁlﬁé”l i '@H?@Hidﬁ{&l"u}’ be—pr epdﬁﬁj. by —armny
ohvenlient methdd by conblning the Wg of
t|Hpans-1,2- CHCI=CHCI = t-DCE 156-60-5
dichloroethylene
Alcohols
methanol CH3;OH MeOH 67-56-1
ethanol CH3CH,OH EtOH 64-17-5
n-propanol CH3;CH,CH,OH n-PrOH 71-23-8
isopropanol CH;3;CH(OH)CH, IPA 67-63-0
Fluoroethers
mixture of isomers - | CFsCF.CF2CF,OCH3; C4FgOCH; 163702-07-6
1,1,1,2,2,3,3,4,4- and (CF3),CFCF,0OCHj3; and
nonafluoro-4- 163702-08-7
methoxybutane and
2-(methoxy-
difluoromethyl)-
1,1,1,2,3,3,3-
heptafluoropropane
mixture of isomers - | CFsCF,CF,CF,0C,Hs and C4FsOC;Hs 163702-05-4
1-ethoxy- (CF3),CFCF,0C H;5 and
1,1,2,2,3,3,4,4,4- 163702-06-5




i ndi vi dual conponents. A preferred nethod is to weigh

t he desired conponent anpunts and thereafter conbining
WO b@7aaspbnent s i n an appropriate vessel . Agi t BET/OS00HYO5244

be used, if desired. [0033]l0 The conpositions of the

present invention conprise azeotropic or

azeotrope-|i ke conpositions containing one of the

fluoroolefins listed in Table 1, PEIK, or PFBE land at

| east one of the conmpounds sel ected fromthe group

osafRioldbdERs - 1 T T chioroethytlene—tetrachl-ereethy}-ene;
rans-1 , 2-di chlioroet hyl ene; n-propylibrom de;
n?f'ﬁ?rf{ah?xyét hanol ; n-propanol ; isopr¢panol ; CAF9QCH3;
Aifyoopey)HFC- [43-1 Oree; HFC 365nf¢; and

oM, pata,sns thereof. The exception thereto being that

g [ o theé conpositions of thelpresent
[ ﬁ‘\%gt%ﬁ'f%g‘?rg%E is not conbined withjan al cohol,

oo
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t| AHivgleofluorocatbeny or oet hyl ene al one, CAF9OCH3 al one

£
Ul

HACE A3 STAME 6,541 DOF CHIFCHROMBES a1 OTTE | HPC A8 10mdd T E
rﬁ%?f{‘{g’m gﬁtgﬁechl or oet hyl ene or C4F90CaHs. [0034] |As
Se er gl n an

— —+

, azeotropic conmposition is a constjant
Bdit1Ag- 1 i qui d admGHGFeCls two or nHECsIESsHances
Wirentefluordthearedm| xt ure di still sw thout substanti al

I - [ nad _hbaokh 1 1
gonposition—chanpge—and—behaves—as—a—genstant—boertjing

nposition Constant boiling conposiltions, which are

characterized as azeotropic, exhjbit either a maxi mum

F o > : Cth th .
CHOOBLT e TrecbPRud Feedlh (B2 slp Skl Svaiavie
ﬁz‘m cheruicalosyny hiousesa_@,;EMHb.legmd _G:SF{;ID Déﬁltgare available

r ch.are Liquid. ur
ST 801 RS P ikl WA B A Buron

smmsNanmrsimOd(wd. ilmlh}gtmjapDE).f Hmwﬁﬁdnh 3 f@gs@ﬁéﬂétﬂlﬁ from

e n.or distillation of the liquid, has e
s\as%gséﬁgﬁg?f'ﬁ on as the liquid. Azeotropic

CQODB2] i onThescompasifiens ontitd proddht inhtidtl @aYIBRpared

azeotropes where t e(ﬂ)auid phase splits into fwo or

MY HANYPHRELESTheq, by icombipigoiterianieed amaunés of the
aZedividuRdll eoRpiotents.hA praRsifed ittRol Is e wefigh Hﬁé’&éé‘i?éd
ui d all ase ave

with two liquid phases and all three p

component amounts and thereafter combining the components in an
appropriate vessel. Agitation may be used, if desired.

[0033] The compositions of the present invention comprise
azeotropic or azeotrope-like compositions containing one of the
fluoroolefins listed in Table 1, PEIK, or PFBE, and at least one of the
compounds selected from the group consisting of: trichloroethylene;
tetrachloroethylene; trans-1,2-dichloroethylene; n-propylbromide;
methanol; ethanol; n-propanol; isopropanol; C4FsOCHj; C4F9OC2Hs5; HFC-
43-10mee; HFC-365mfc; and combinations thereof. The exception
thereto being that according to the compositions of the present invention,
PFBE is not combined with an alcohol, trans-1,2-dichloroethylene alone,
C4F9sOCHj5 alone, HFC-43-10mee alone, HFC-365mfc alone, or a mixture
of trans-1,2-dichloroethylene or C4FsOC,H:s. |

[0034] As used herein, an azeotropic composition is a constant boiling
liquid admixture of two or more substances wherein the admixture distills



different conpositions. If the two equilibriumliquid
phases of a heterogeneous azeotrope are conbi ned and

wa b®7gesposi tion of the overall |iquid phase PCT/US2007/005244
cal cul ated, this would be illentical to the conposition
of the vapor phase. [0035] As used herein, the term
"azeotrope-like conposition” also sonetines referred
to as "near azeotropic conmposition,” neans a constant
boi ling, or substantially constant boiling |liquid
adm xture of two or nore sybstances. that behaves as -
S Wit stipStantieloSiongsiiay hndrand pehAyeS 5 & constanf boiling
azefipciitton.| EOneRiM ®YilligPfompotitishs! WRiHARY ciadtsitéd as
by partial evaporation or distillatjon of the liquid
hazeetippica®xhitit ithara WHWB@im!WﬁUH&bPWEQIRQm’i» @s
I %g@gﬁe%““ RS INE PRNA RLbtRSpi€ nfildurb § &f tHd 8hmies,

xture distills/refluxes w thout substanti al
c stipstandesn Azemtapic sampasitions/as used heseindnclvdean
. o i : | i
V1EBhogETE -SR] Bl o, 1Rl R HBR oF tRGldEmore
v spibstancessthatbehavé asaosipgis silstaate ainghat theuvapor, produced

P BARBETeBBH FONeB o1 HE RRIE S i@ compositon
gisckg?taliofng?{t yeggimlpﬁdzdgfp?sitiansm herdin adsdinclude

he. di.f f erence .[ n. yapor
o eeibienetug azs R s WagteAhe disti BRERS e Pl In B0 or more
cov_ammsblh'a@és.r ﬁﬂmtd%erﬁln | Bbﬂgﬁelﬁ@, é@f@%z%tﬁf@;ﬁﬁtpdiﬁtt, thevapor
ori gl nal conposition, nas cen renove vapor 1 on
orphﬁﬁq'%? £aqu '?ﬂ"é@%wﬂ M%@%QFS@FS[%%%’TWHG&%@&%FH&W
aRfAE Rnt cofripdtitishs! AP Bie €08 lRRERRING liqdRf phagdsSof £0Me
| oss of the cleaning conpositions na¥ occur durin

ostaraaseoNEAZEoOPsars Gorahined ardifhe cRgesition of the overall
gg@r&ﬁfghggé cakhsehCthis Adilid b@ngehﬁ%qg éthé %ﬁ\apd%*tion of the

t he wor ki ng conposition nmay rel eased to
t hvaper pb@sker e duri ng mai nt enance procedures on

gfﬁ&d‘ﬁ’? t Abfodelith &R ,‘iﬁla%{?ﬁ "hSe0h é‘-.liﬁgrc%n‘fp?cgggﬁ&?dalso

azeotropic or azeot'rope-1i ke-conpositron,
c aposiimnes mefased toaas) Enedrcaza atedped compbsitidrg ! geshansoa constant

boiling, or substantially constant boiling liquid admixture of two or more
substances that behaves as a single substance. One way to characterize
an azeotrope-like composition is that the vapor produced by partial
evaporation or distillation of the liquid has substantially the same
composition as the liquid from which it was evaporated or distilled. That
is, the admixture distills/refluxes without substantial composition change.
Another way to characterize an azeotrope-like composition is that the
bubble point vapor pressure of the composition and the dew point vapor
pressure of the composition at a particular temperature are substantiaily
the same. Herein, a composition is azeotrope-like if, after 50 weight
percent of the composition is removed such as by evaporation or boiling
off, the difference in vapor pressure between the original composition and
the 6omposition remaining after 50 weight percent of the original
composition has been removed by evaporati.on or boil off is less than 10
percent.



the atnosphere fromthe equi pnment, which nay cause the
conposition remaining in the equi pnent to becone

w0 b@mrelsBe or to exhi bit unacceptabl e perfor maPCEUS2007/005244
Accordingly, it is desirabll2 to use as a cl eaning
conposition a single fluorinated hydrocarbon or an
azeotropic or azeotrope-like conposition that
fractionates to a negligible degree upon | eak or
boil -off. [0037] The azeotropic conpositions of one

_er : I AE;'LE% esent inve téﬁ?‘,@?ﬁé&%éﬁ%rﬁq@ﬂuxa&
"mmS%f the]ale@nlﬁg Cﬁb |d>|$§ﬁi r cﬁ]nr? éBel%tlon
R :
B SBaft peg °€§6 ‘EP"FE@EOH& ﬁ@ﬁsredrplntszambbroken

63inésFAARdditsH, ahe WD rkifiy éon%ﬂ;o&tuaﬂ rﬁag%‘éﬁe%me the: 2
20.8 71.8 F24E t-DCE 24.5 75.5 45 F24E nPBr 74.3

7@tnaspheredpring faa'!?!ﬁrz?r&e procgguregcenggiuiprasnt fdhe

N e bt AR Uy

34qommlkoq,3ﬂ1§(§pé@pqgtlgn magchange when leaked or discharged to
the atmosphere from the equipment, which may cause the composition
remaining in the equipment to become flammable or to exhibit
unacceptable performance. Accordingly, it is desirable to use as a
cleaning composition a single fluorinated hydrocarbon or an azeotropic or
azeotrope-like composition that fractionates to a negligible degree upon
leak or boil-off.
[0037] The azeotropic compositions of one embodiment of the
present invention are listed in Table 3.

TABLE 3

Comp A Comp B wt% A wt% B T(C)
F14E methanol 85.1 14.9 59.1
F14E isopropanol 87.1 12.9 66.9
F14E ethanol 87.9 12.1 65.2
F14E t+-DCE 44.3 55.7 44,0
F14E nPBr 54.4 45.6 66.6
F24E methanol 72.1 27.9 63.4
F24E isopropanol 78.1 219 74.1
F24E ethanol 79.2 20.8 71.8
F24E t-DCE 24.5 75.5 45
F24E nPBr 25.7 743 70.2
F24E PCE 85.2 14.8 89.9
F24E TCE 65.0 35.0 75.9
PEIK methanol 97.0 3.0 43.5
PEIK isopropanol 96.7 3.3 45.5
PEIK ethanol 96.8 3.2 447
PEIK t-DCE 72.9 271 34.7
PEIK 43-10mee 73.2 26.8 47.7
PEIK 365mfc 38.8 61.2 38.1
PFBE methanol 92.2 7.8 50.6
PFBE isopropanol 95.2 4.8 56.3
PFBE ethanol 94.8 5.2 55.2

PFBE t-DCE - 52.8 47.2 41.3



PEI K 365nfc 38.8 61.2 38.1 PFBE nethanol 92.2 7.8 50.6
PFBE i sopropanol 95.2 4.8 56.3 PFBE ethanol 94.8 5.2
WG 2002/10BBE t - DCE 52.8 47.2 41. 3PFBE nPBr 82. 3 RCT/0SH§7/005244
F22E net hanol 95.8 4.2 43. 13F22E i sopropanol 98.0 2.0
47.2 F22E ethanol 97.6 2.4 46.6 F22E t-DCE 71.0 29.0
33.9 F22E nPBr 87.0 13.0 43.3 F22E 43-10Onee 89.8 10.2
47.9 F22E 365nfc 29.3 70.7 39.2 F13i E nmet hanol 95.5
4 5 44. 4 F13i E i sopropanol 97.8 2.2 48.0 F13i E et hanol
2.6 47.5 F13iE t-DCE 70.2 29. 8 34.4 F13|EnPBr
86 'ﬂ':%% 6 44. TH13i E 43833 0mee 9%:73 4.7 4881 F13E
365 2467§h4 95F§ |Erret§nol 85.0,]15.0 59.8
F3| |so'@ 892§ 8 70. F3|3|Ee% nol 89.0
% ot %61 55. 9 %}4 5 F3i 3 2 Sroccors
22?'2557275t df;3|3|En p 67.4 6613531§E
nmet pagw!| 94. 4yfm6 47. 3 BAQGE i soppgpanol 96449€33.1 51.9

F22E 43-10mee 89.8 10.2 47.9
F22E 365mfc 29.3 70.7 39.2
F13iE methanol 95.5 4.5 44 .4
F13IE isopropanol 97.8 2.2 48.0
F13iE ethanol 97.4 2.6 . 475
F13iE t-DCE 70.2 29.8 34.4
F13iE nPBr 86.4 136 44.0
F13iE 43-10mee 95.3 4.7 48.8
F13iE 365mfc 24.6 754 39.5
F3i3iE methanol 85.0 15.0 59.8
F3i3iE isopropanol 89.2 10.8 70.0
F3i3iE ethanol 89.0 11.0 67.8
F3i3iE t-DCE 441 55.9 445
F3i3iE C4FgOC,H;5 22.8 77.2 75.7
F3i3iE nPBr 67.4 32,6 61.3
F13E methanol 94.4 5.6 47.3
F13E isopropanol 96.9 3.1 51.9
F13E ethanol 96.5 3.5 51.1
F13E t-DCE 66.3 33.7 36.3
F13E nPBr 83.7 16.3 471
F13E 43-10mee 59.5 40.5 52.3
F3i4E t-DCE 7.6 92.4 47.6
F3i4E methanol 42.8 57.2 65.4
F3i4E isopropanol 57.8 42.2 81.0
F3i4E ethanol 58.7 413 77.3
F3idE nPBr 31.9 68.1 69.6
F44E nPBr 8.1 91.9 70.9

[0038] Additionally in another embodiment, the azeotropic
compositions of the present invention may include ternary and quarternary
azeotropic compositions comprising compounds from Table 2. Examples
without limitation of these higher order azeotropic compositions are
exemplified in Table 4 along with the atmospheric pressure boiling points
for the compositions.



F13E et hanol
F13E nPBr

65. 4 F3i 4E i sopr opanol
58.7 41.3 77.3 F3i 4E nPBr

the azeotropi c conpositions of the present
may i nclude ternary and quarternary azeotropic

conposi tions conpri sing com s . from Tabl e 2.

Exanples without [imtatio

az Cotipohi C CANPEsi t i Compat e exarphi fi adtsi B Tablves é

al of@g4Eni t h tHRCELt nosphthand preSsdr e boiskiong poi éss for
t he Fddposi ttilsHs . TABldthatolConp Al1€onp BS&dnp C wB.% A
w%B w%C TfC) F14E t - DCE net hanol
et hafgihagal 9 5408 3 0 £9.32 F24E94- DCE
1019, 3 9.9hape! 0 F22£8; - pCE Ethanol

39. §2¢74F t -t
met 2ol

70. 3 43. IKt-DgE thanol_ 71.5.26.4 2.1_33.0
PEI % AKDCE t c: ol 73:0E¥5 7 123-534. 2 BRI t-DCE143-1
Ore .0 26. 6.1541 El K @CE 365af.c 43'716214'1
32 5 6 b g - DCE 4g4 G701 47. 5202, 4 4133 F22E
t - DCE et hanol 67.9 29.7 2.4 32.6 '
PFBE t-DCE C4FsOCH3 40.1 47.5 12.4
F22E t-DCE methanol 67.9 29.7 24
F22E t-DCE 365mfc 45.4 27.2 27.4
F13iE t-DCE methanol 66.9 30.6 2.5
F13iE t-DCE 43-10mee 69.8 29.8 0.4
F13iE t-DCE 365mfc 41.9 27.8 30.3
F3i3iE t-DCE methanol 32.9 60.2 6.9
F3i3iE t-DCE ethanol 411 56.3 26
F13E t-DCE methanol 62.2 34.7 3.1
F13E t-DCE 43-10mee 48.0 33.2 18.8
F13E t-DCE 365mfc 23.1 30.3 46.6
[0039] The binary azeotrope-like compositions of the present

invention are listed in Table 5.

Comp A Comp B
F14E Methanol
F14E Isopropanol
F14E Ethanol
F14E t-DCE
F14E nPBr
F14E C4FsOCH3
F14E C4FsOC,H;s
F14E 43-10mee
F24E Methanol
F24E Isopropanol
F24E Ethanol
F24E t-DCE
F24E nPBr
F24E PCE
F24E TCE

TABLE 5

wit% A
60-99
70-99
72-99

1-75
1-99
1-99
1-99
1-99

1-91
57-91
57-92

1-63

1-70
61-99
40-84

se hi gher

96.5 3.5 51.1 F13E t-DCE 66.3 33.7 36.3

83.7 16.3 47.1 F13E 43-1 Oree 59.5 40.5 52.3
WO-004HE088DCE 7.6 92.4 47.6 F3i 4E net hanol
57.8442.2 81.0 F3i 4E et hanol
31.9 68.1 69.6 F44E nPBr
91.9 70.9 [0038] Additionally in another enbodi nent,

i nvention

order

wt% B
1-40
1-30
1-28

25-99
1-99
1-99
1-99
1-99

9-99
9-43
8-43
37-99
30-99
1-39
16-60

34.4 59.0 6.6

)
59.1
66.9

65.2 .

44.0
66.6
50
50
50

63.4
74.1
71.8
46.1
70.2
89.9
75.9

%3 8
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I©)
39.9
432

41.0
43.0

33.0
34.2
34.3
32.6

41.3

32.6
33.0

33.0
34.4
33.3

40.1
43.8

34.5
36.1
34.4



F22E t-DCE 365nfc 45.4 27.2 27.4 33.0 F13i E t-DCE

met hanol 66.9 30.6 2.5 33.0 F13i E t-DCE 43-1 Oree 69.8
wQ208/100847 34. 4 F13i E t-DCE 365nfc 41.9 27.8 30rGI/832087/005244

F3i 3i E t - DCE nethanol 32.9180.2 6.9 40.1 F3i 3i E t-DCE

et hanol 41.1 56.3 2.6 43.8 F13E t-DCE net hanol 62.2

34.7 3.1 34.5 F13E t-DCE 43-1 Onee 48.0 33.2 18.8 36.1

F13E t-DCE 365nfc 23.1 30.3 46.6 34.4 [0039] The

bi nary azeotrope-Ilike conpositions of the present

invention are_listed in Table 5. TABLE 5 Conp A _Cono B

wt % 745t % B TPé)eSfﬁi'iﬁE Met had®f  60- 9919940 59.1 $A4E

Isopﬁ nol 7 q a1-30 66.8

65. Et-
66.53‘; HAE CA
1- 9% B F14E 43:

J4E Ethgnol 72-99 1-28
2 ?, 25-99 g 0 F14E,PBr 1-99 51599
T 99 1-§_ 0 F14E,GAF OC2H5 109

e 1-9 0-2899 501 Met ha%q17 1-91
9- 9% BiR 4 F24EaigRpeopancl Hgs 91 9- 4dod4. 1 F24E77
Et happik 57- 92 B68ic71. 8 F24Fod - DCE 1168 37-99 4§11

F24BPBIRBr 1- 7€,B0CH) 70. 2 H24E PCE 61999 1-39 8509

PFBE Methanol 80-99 1-20 50.6
PFBE isopropanol 83-99 1-17 56.3
PFBE Ethanol 83-99 1-17 55.2
PFBE t-DCE 21-79 21-79 41.3
PFBE nPBr 44-99 1-565 57.1
PFBE C4FgOCH; 1-99 1-99 50

PFBE C4FsOC,Hs5 1-99 1-99 50

PFBE 43-10mee 1-99 1-99 50

PFBE 365mfc 1-99 1-99 50

F22E Methanol 86-99 1-14 43.7
F22E Isopropanol 88-99 1-12 47.2
F22E Ethanol 88-99 1-12 46.6
F22E t-DCE 48-87 13-52 33.9
F22E nPBr 64-99 1-36 43.3
F22€E 43-10mee 1-99 1-99 47.9
F22E 365mfc 1-99 1-99 39.2
F22E C4FgOCH; 1-99 1-99 50

F13iE Methanol 86-99 1-14 44.4
F13iE Isopropanol 87-99 1-13 48.0
F13IE Ethanol © 88-99 1-12 . 47.5
F13iE t-DCE 46-86 14-54 344
F13iE nPBr 64-99 1-36 44.0
F13iE 43-10mee 1-99 1-99 48.8
F13iE 365mfc 1-99 1-99 39.5
F13iE C4F9OCH; 1-99 1-99 50

F3i3iE Methanol 57-99 1-43 59.8
F3i3iE Isopropanol 73-99 1-27 70.0
F3i3iE Ethanol 73-99 1-27 67.8
F3i3iE t-DCE 1-76 24-99 44.5
F3i3iE C4FsOC2Hs 1-99 1-99 75.7
F3i3iE nPBr 43-86 14-57 61.3
F3i3iE C4FsOCH; 1-99 1-99 50

F13E Methanol 84-99 1-16 47.3
F13E Isopropanol 86-99 1-14 51.9
F13E Ethanol 86-99 1-14 51.1
F13E t-DCE 42-84 16-58 36.3
F13E nPBr 61-99 1-39 47.1
F13E 43-10mee 1-99 1-99 52.3
F13E C4FgOCH; 1-99 1-99 50

F13E C4Fs0OC2H;5 1-99 1-99 50

F13E 365mfc 1-99 1-99 50



F24E TCE 40-84 16-60 75.9F24E CAF9OC2H5 1-99 1-99 50

PElI K Met hanol 91-99 1-9 43.5 PEIK | sopropano! 57-99
wa2614B85 PElI K Et hanol 85-99 1-15 44.7 PEI K tPCIZES2007/005244

50-88 12-50 34.7 PEIK 4310ntee 1-99 1-99 47.7 PEIK

365nfc 1-99 1-99 38.1 PEIK CAF9CCH3 1-99 1-99 50 PFBE

Met hanol 80-99 1-20 50.6 PFBE | sopropanol 83-99 1-17

56. 3 PFBE Et hanol 83-99 1-17 55.2 PFBE t-DCE 21-79

21-79 41.3 PFBE nPBr 44-99 1-55 57.1 PFBE CAF90CH3

1- 99 1-99 50 PFBE C4F90C2H5 1-99 1:99 50 PFBE 43-1

1.99 1- 99 FBE 365nf ¢ 1-99 1.9 50 F22
86- 99M 43.7 F22¥ | sopr ofjatiol 8s- 9% ﬁ712
E Eth (99 1-12:.46.6 F - v
13- .9 F2 '64-00 186 43. 3 2E 43 1Gyege

-9q=334§9 47.9 E,ag,E 365nf c 1709 1- 9038 2 F22E696
CAF9OCH3 1-99 1-99 50 F13i E Met hanol 86-99 1-14 44. 4

F13i f&4Esopr opanabB87-99 1- 137a¢18. 0  30-99 70.9

[0040] In addition to the binary azeotrope-like compositions in the
preceding table, higher order (ternary or quarternary) azeotrope-like
compositions are included in the present invention. Examples without
limitation of ternary or higher order azeotrope-like compositions are given
in Table 6.

TABLE 6

Comp A Comp B Comp C wt% A wt’% B wt% C T(C)
F14E t-DCE C4FsOCH,3 1-70 20-70 1-70 50
F14E t-DCE C4FoOC2Hs 1-70 29-90 1-60 50
F14E t-DCE 43-10mee 1-80 156-60 1-80 50
F14E t-DCE 365mfc 1-70 10-60 1-80 50
F14E t-DCE Methanol 1-70 - 29-98 1-30 39.9
F14E t-DCE ethanol 1-70 29-98 1-20 43.2
F24E t-DCE C4F9OCH3 1-70 20-70 1-70 50
F24E t-DCE C4Fs0C,Hsg 1-60 30-80 1-60 50
F24E t-DCE . Methanol . 1-80 40-98 1-25 41.0
F24E t-DCE ethanol 1-60 39-98 1-20 45.0
PEIK t-DCE C4FsOCH3 1-70 20-50 1-70 50
PEIK t-DCE Methanol 50-85 14-49 1-8 33.0
PEIK t-DCE ethanol 50-85 14-49 1-9 34.2
PEIK t-DCE 43-10mee 1-85 10-65 1-80 34.3
PEIK t-DCE 365mfc 1-85 1-55 1-85 32.6
PFBE t-DCE 43-10mee 1-70 20-60 1-79 50
PFBE t-DCE 365mfc 1-70 15-60 1-80 50°
PFBE t-DCE C4FgOCH; 1-75 24-75 1-70 41.3
F22E t-DCE CaFsOCH3 1-70 29-70 1-70 50
F22E t-DCE 43-10mee 1-80 19-60 1-80 50
F22E t-DCE Methanol 45-85 14-54 1-10 32.6
F22E t-DCE 365mfc 1-89 10-60 1-85 33.0
F13iE t-DCE C4FsOCHa 1-75 24-70 1-70 50
F13iE -t-DCE Methanol 45-85 14-54 1-10 33.0
F13iE t-DCE 43-10mee 1-89 10-60 1-80 34.4
F13iE t-DCE 365mfc 1-89 10-60 1-84 33.3
F3i3iE t-DCE Methanol 1-70 29-95 1-25 40.1

F3i3iE t-DCE ethanol 165 34-08 1-15 43.8



F131E Et hanol 88-99 1-12 47.5 F13i E t-DCE 46-86 14-54
34.4 F13i E nPBr 64-99 1-36 44.0 F13i E 43- 10mee 1-99
wa 20914888 F13i E 365nfc 1-99 1-99 39.5 F13i E CAEROLH87/005244

1-99 1-99 50 F3i 3i E Methand? 57-99 1-43 59.8 F3i 3i E

| sopropanol 73-99 1-27 70.0 F3i 3i E Et hanol 73-99 1-27
67.8 F3i3iE t-DCE 1-76 24-99 44.5 F3i 3i E C4FgOCzHs

1-99 1-99 75.7 F3i 3i E nPBr 43-86 14-57 61.3 F3i3i E
CAF9OCH3 1-99 1-99 50 F13E Methanol 84-99 1-16 47.3

F13E. 1l ,sopropanql 86- 3 51.9 FI3E Ethgnol 86-99
1- '%é 1 FE%E t - DCE g%ﬁ%_ 58 é 3 F13%; Br 61-
1- é%:g. 1 FTREEs3- 10?%9 Z 99g %3 F1 '§%4F9001§

1- 9844 99 S5QpEESE AFRRRER 1-99 45:699 50 folafE 365nficg
1- 9¢43e 99 5QBEEAE t - DfdFrohndsd 31- 9Pgd7. 6 FideE Met hangy
1-8¢14d- 99 ébof F3i 4E desewy opanol 1-8588 12142808 1 F3igtE
Et hgnst 1- 89DCE 99 77CE,H6CG4E nPBr1-8072 281890 69. 6 H42AE
nPBr 1-70 30-99 70.9

F3i4E t-DCE C4FsOCH; 1-30 25-69 30-69

F3i4E t-DCE C4FsOC,Hs 1-50 30-98 1-60

F44E t-DCE C4FsOC;Hs 1-70 1-60 29-98
[0041] Iin yet another embodiment of the invention, the compositions

of the present invention may further comprise an aerosol propellant.
Aerosol probellants may assist in delivering the present compositions from
a storage container to a surface in the form of an aerosol. Aerosol
propellant is optionally included in the present compositions in up to 25
weight percent of the total composition. Representative aerosol
propellants comprise air, nitrogen, carbon dioxide, difluoromethane (HFC-
32, CHaFy), trifluoromethane (HFC-23, CHF3), difluoroethane (HFC-152a,
CHF3CHpg), trifluoroethane (HFC-143a, CH3CF3; or HFC-143, CHF,CH2F),
tetrafluoroethane (HFC-134a, CF3CH.F; HFC-134, CHF2CHF3),
pentafluoroethane (HFC-125, CF3;CHF?2), heptafluoropropane (HFC-227ea,
CF3CHFCF3), pentafluoropropane (HFC-245fa, CF3;CH2CHF3), dimethyl
ether (CH3OCH3), or mixtures thereof.

[0042] In an embodiment of the invention, the present inventive
azeotropic compositions are effective cleaning agents, defluxers and
degreasers. In particular, the present inventive azeotropic compositions
are useful when de-fluxing 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 packaging components used in the semi-
conductor industry and are well understood by those working in the field.
[0043] In another embodiment the present invention relates to a
process for removing residue from a surface or substrate, comprising:
contacting the surface or substrate with a composition of the present
invention and recovering the surface or substrate from the composition.
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[0040] In addition to the binary azeotrope-like
conpositions in the preceding table, higher order

W@ e@rnensy7 or quarternary) azeotrope-like conpoBRCT/US2IN87/005244
are included in the presentl8i nventi on. Exanpl es
without Iimtation of ternary or higher order
azeotrope-li ke conpositions are given in Table 6.
TABLE 6 Conp A Conp B ConrD CWw%A WM%B W 0 o C T(CQ
F14E t- DCE C4AF90OCH3 1-70 20-70 1-70 50 F14E t-DCE

70 29-90 1-60 50 F14E t-DCE 43-1 Oree 1
C&Fﬁﬁo 40 aPeess sm_b%cgm of | wwnélenltf@swéace or

F 3
P tjsﬁfr?grla%:ﬁ}%@gg %mgghi rgféd?&r&ﬁt ée3@eb%E\9hﬁh4t%§_% & reS|d ue

2ozompr18%rw o ErtOJ'D@Q‘JﬂtQ ted cwrcaip @atwd@ e@lrcwt

R A e R e
20Chip scale packaging conmaindmitsh e sBads ot ubstrateOmag. 0
el 64 e e b e e i o
1-t athy &pp S 2omnitbiidly useldGh tha- sbkﬁﬂmg af infegiated cireui®dblices,
CAPSEiRg Bubachiied {0 RWA{rasth Tl sstimes Ry 503070
2%tV ated)) VB8 (Waldr dollble) d@nd O Corbafit 48dP0 Ol Ridues
include but are not limited to mineral oils, motor oils, and silicone oils.
[0045] 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
composition or wiping the device with a substrate that has been wet with
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 defluxing 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.
[0046] An effective composition for removing residue from a surface
would be one that had a Kauri-Butanol value (Kb) of at least about 10,
preferably about 40, and even more preferably about 100. The Kauri-
Butanol value (Kb) for a given composition reflects the ability of said
composition to solubilize various organic residues (e.g.,' machine and
conventional refrigeration lubricants). The Kb value may be determined by
ASTM D-1133-94, '
[0047] The following specific examples are meant to merely illustrate
the invention, and are not meant to be limiting in any way whatsoever.



F22E t - DCE Met hanol 45-85 14-54 1-10 32.6 F22E t-DCE
365nfc 1-89 10-60 1-85 33.0 F13i E t-DCE CAF90OCH3 1-75
WQ2007Q008870 50 F13i E t- DCE Met hanol 45-85 14- SECT/US107/005244
33.0 F13i E t-DCE 43-10mee 1989 10-60 1-80 34.4 F13i E
t-DCE 365nfc 1-89 10-60 1-84 33.3 F33E t-DCE Met hanol
1-70 29-95 1-25 40.1 F3i 3i E t-DCE et hanol 1-65 34-98
1-15 43.8F3i 3i E t - DCE CAF90CH3 1-69 30-70 1-69 50
F3i 3i E t - DCE CAF90C2H5 1-69 30-80 1-69 50 F13E t-DCE
Met hanol 45-80 19-54 1-10 Mﬂ} - DCE 43-10ree
1-85 14-60 1-80 36.1 F13E c 1-85 14-60 1-80
34.4 F13E t-DCE C4F9CCH3 1-80 19-70 1-70 50 F3i4E

t- DCE CAF90CH3 1-30 25-69 - 50 F3i 4E t - DCE
CAF90C2H5 1-50 30-98 1-69 1. DCE C4F90C2H5 1- 70
1-60 29-98 50 [0041] I'n yet another enbodiment of the
i nvent Lon

n‘ayfu ot} a & ®
propel | ants nay assist in dellverlng the present

commasmofscwmmg_zlsmaage container to a surface in

o i o SR PO 5% v v
s momapmatasnt Z@m“'g*a’?{”‘:“*éﬁm‘?‘.’iﬁ?" m
kit B oo B i

C"BtEt%)genoh%'ﬁréé)@r@'\ﬁﬁn@ﬁﬂﬁcr@d&@d&@ a fAdxihum of 428 PSI. After
difl uoroet hane (HFC 152a, CHF2CH3), trif]| uoroet hane

( HRelingathe rgastinn vesselioaopns terappratypesthe product was

t egdiRidtaler %E%@u@f‘gﬁ’h tiolFat{d Bfo offidrs Citried out in
ent af [ uor oet ane (HFC- 125, CF3CHF 2 ,

hew!@ﬁtagzgau)p game(mmgzmept that one of the reactions had twice
the quantity of reactants, were combined and distilled to give 322.4 gm of

C4FgCH2CHICF3 (62.2°C/35 mm,70% yield).

Conversion of C4FsCHCHICF3 to F14E
[0049] A 2 liter round bottom flask equipped with a stirring bar and

packed distillation column and still head was charged with isopropyl
alcohol (95 ml), KOH (303.7 gm, 0.54 moles) and water (303 ml).
C4FgCHLCHICF3 (322.4 gm, 0.73 mole) was added dropwise via addition

. funnel to the aqueous KOH/IPA mixture at room temperature. The
reaction was then heated to 65-70°C to recover the product by distillation,
The distillated was collected, washed with sodium metabisulfite and water,
dried over MgSO, and then distilled through a 6-inch (156.2 cm) column
packed with glass helices. The product, F14E (173.4 gm, 76% yield), boils
at 78.2°C. It was characterized by NMR spectroscopy (°F: & -66.7 (CF3',
m, 3F), -81.7 (CF3, m, 3F), -124.8 (CF;, m, 2F), -126.4 (CF3, m, 2F), -
114.9 ppm (CF2, m, 2F); "H: 6.58d)



CF3CHFCF3) , pentafl uoropropane (HFC 245f a,
CF3CH2CHF2) , dinethyl ether (CH30OCH3) , or m xtures
wo b@raafss7 [ 0042] I n an enbodi nent of the i nvene¢DOS200T1@05244
present inventive azeotropi2¢ conpositions are
effective cleaning agents, defluxers and degreasers.
In particular, the present inventive azeotropic
conmpositions are useful when de-fluxing circuit boards
wi th conponents such as Flip chip, nBGA (ball grid
array), and Chip scale or%ﬁ%@gnced hi ghdensi ty
packagi ng conponents. Fli GA, and Chip scale
are terns that describe high density packaging
co d ar
el PIASRSR BEFA.1,2.2.805 B8 78 B S e 08! Foue
In anot her enbodi nent the present invention rel at es to
ng- resi due froma surface or
the E&Oéﬁ'pﬁg—mmb%&%fgnt acting the surface or
sumosaue wiRérflaoruethpliadide (220 ghiieD.BOBIROI) lame ntion
a r t he urf ce or s rate fromth
conidEi B P aohanetyprangrdens (£5 9 i 60 Tple) hiere added to
| nay @00irhHab{etloy o fshéReﬂfub’éU@rﬁ héhféd"ﬂi’Z@@“@fbr 10 hours under
|nterated circuit Vi C in_which case, the residu

BEBEUS PEPFSUTEyI R PEIdUCt frREn fifie adiwaothers gatried out

delyncr@r é&bété»@t.aﬂly%ufrmalr boh&ﬁbﬁs\%ér@ d’cﬂﬁbﬁu'é’a é{ﬁ’%sﬂ d with two
con&gnent s, .such as Flip chips,

gilngotiansfcHl Wt % Rausabs sodisn b’swﬁter ATl Peganic phase
ad\%’s 'd?’@z@' 6%r%lﬁyﬁ?&lﬂbnaé rafn‘?ictﬁeﬁ%jé‘tllfb% m\lﬁlﬁﬁi% gm of

st eel he rosin be any type co

th@4'§s&|'dié$hﬂ@=a)f79 ﬂﬂe@kﬁ?-@@ roim Eg) in 829 yiedd. i ncl udi ng
but not limted to RVA (rosin mldly activated),. RA
(rosin activated), W5 (water soluble), and OA (organi c

aCQQMﬂQTQE_hBQ%IGH@g&dogm%F\re not linmted to
' 045] |
CHESO8E10:;  bbe Borfin Sk Rouirietuih inerganine strer,
s uadditien funrselpedndémsdrs analthéifnhéd:%l.g/l? ?2413' gﬁzrdé@i with
R Tt GRSt D56 ullesh Wyt fSrpraasneldad7idhe). The

E ﬁmmﬁ?ﬁelm@bhmgﬁ;mnh Resslatibs of PotdssturiURRirbRHE (74.5
3 , 1. ti%smo:%%‘ dissolved in 83.8 g of water. The KOH solution was added

dropwnse to the flask with rapid stirring over the course of about one hour

3B

as the temperature slowly increased from 21°C to 42°C. The reaction
mass was diluted with water and the product recovered by phase
separation. The product was washed with 50 mL portions of 10 wt %
aqueous sodium bisulfite and water, dried over calcium chloride, and then
distilled at atmospheric bressure. The product, F24E (128.7 gm, 63%)
boils at 95.5°C and was characterized by NMR (*°F: & -81.6 (CF3, m, 3F),
-85.4(CF3, m 3F), -114.7 (CFz, m, 2F), -118.1 (CF2, m, 2F), -124.8 ppm
(CF2, m, 2F), -126.3 ppm (CFz, m, 2F); 'H: §6.48;chloroform-d solution).



the conmposition. Alternatively, the conposition my

al so be used in a vapor degreasing or defl uxing
wa@ppanensss desi gned for such residue renoval . BUDNS2007/005244

vapor degreasing or defluxi2hg equi pnent is avail able

fromvarious suppliers such as Forward Technol ogy (a

subsidiary of the Crest Goup, Trenton, NJ), Trek

I ndustries (Azusa, CA), and Utronix, Inc. (Hatfield,

PA) anong ot hers. [0046] An effective conposition for

renoving residue froma s | d be one that had

a Kauri -But anol val ue (Kb%égg@ggiggast about 10 ,

preferably about 40, and even nore preferably about

100. The Kaurl-

to soI ubi I | zevar i ous organl(pm@ldues (e g. rmchlne
and conventional refrigeration bricants). The Kb
val ue nmay be determ ned by ASTM D-1 133-94. [O47] The

f ahl are neant to merel
il i Eg&f HrCﬁ |e3 d are not neant toybe
| i [OO52]3 |(6Fa)a¢l-'wz(96ﬁ/mns@&molWL&S,M&ptbpene (44.0

" 845" Rles) wée dritnd Iy p 490 L FsieloN T gl tube and

Syﬁéaitedlte 2000°Ci fbg 8Hixtils Cinded @Bdgenous pressure which increased

e L HOLO b ¥hb 881 UEnb 10 deihs Lol2eiERl S TbpB bmperature
addegivé @18 HAGFICFERSFRCHISHIOF ; srevzgrCraitemmyinezuedeld.

to 2000C for 8 hours under autogenous pressure which
i ncreased to a maxifrum of 428 PSI. After cooling the

r th duct
oSt g e e o e
caWPﬁ@]out A ﬁo Gﬂbml kottgmiflaskarippegh wdih a §3&6’E}ﬂ {bar and
t
h&nriEe@to ta%d’r?ﬁﬁﬁ llaﬂgﬁ\ N fvﬁ éﬂ& oty e ’cr.taé vids charged

reactants, were co grve
griwish lwgwlzatspmﬁuml)zm (h99 m%y%lrﬂ?les) and water (109
ml). The mixture was heated to 42°C and (CF3).CFCH-CHICF3 (109 gm,

0.28 moles) was added dropwise via an addition funnel. During the

addition, the temperature increased from 42 to 55°C. After refluxing for 30
minutes, the temperature in the flask increased to 62°C and the product
was collected by distillation. The product was collected, washed with
water, dried with MgSOy,, and distilled. The product, F13iE (41 gm, 55%
yield), boils at 48-50°C and was characterized by NMR (19F: & -187.6
(CF, m 1F), -77.1 (CF3, m 6F), - 66.3 (CF3, m 3F); chloroform-d solution).

EXAMPLE 4

Synthesis of C4F9CHICH2C2F5

[0054] 3,3,4,4,5,5,6,6,6-Nonafluorohex-1-ene (20.5 gm, 0.0833
mole), bis(triphenyl phosphine)nickel(0) dicarbonyl (0.53 g, 0.0008 mole),
and perfluoroethyliodide (153.6 gm, 0.625 mole) were added to a 210 ml
Hastelloy™ shaker tube and heated at100°C for 8 hours under

autogenous pressure. Analysis of the product by GC-MS indicated the



Conversion of C FsCH'CHI CFg to F14E [0049] A 2 liter
round bottom fl ask equi pped with a stirring bar and
w@amkaassl stillation colum and still head wasPChESIeT005244
wi th isopropyl alcohol (95221), KOH (303.7 gm O0.54
nol es) and water (303 m). CAF9CH2CHI CF3 (322.4 gm
0.73 nole) was added dropwi se via addition funnel to
t he aqueous KOH | PA m xture at roomtenperature. The
reacti on was then heated to 65-70 0C to recover t he
product by distillation, The distillated wa

C BTPEEReRIOf AERGHIGHAC 368 6 HCaren Toiand Wedindgust (3.3
?VGedar@ﬁ)Gf’o) NBSR@brResibR 3d3 at4 blsd d, @rﬂr‘ﬁ'ﬂu@r&iéﬂ@féne was

col utm packed with gl'ass heli ces.
prd@li% ., F14E (173.4 gm 76%yield), boils at 78 2C.

It was characterized by NMﬂgtggscopy (19F: d -66.7

(CF3 m 3F), -81 .7 (CF3; -124.8 (CF2, m
-126.4 (CF2, ' m 2F), Dedfluxiagppm (CF2, m 2F);

l d ]
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nté}'éé?hﬂg'reesgg%"eédgl?gg '?%%‘%'WP ﬁ@%ﬁ?@ m§ker t ube

antl hemsmlfll_ﬁn m&@%&nfeu Ilﬂé)ratll wnto HQERM msltﬁ@ar@c@n epogy
ressur odu rom nd. 1. wo ers carrie

Pt Bt Mg gt 1&g madin Gt inred conesn’

corbirhRb S é’@ﬁ@&t@d"w&& thae h%QQsdﬂn_alﬁ’%K/bh rapdut 4¢5WC for

% aqueous sodium bisulfite. The organl c phase was
dr| e@b@Véﬂ-%mlﬁHf@ﬁ]t@iﬂC@Nat%t%@Sﬂm Hxdistilled to give

3 7% e B Rag M ihinkrecd s S0REGRER oI/ Bhyaq soiden
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char % réim tljﬂeaboaorld%éso ﬂwen i l%te?sses in a??/esli'lmr(cggr% t&mperature
bath of cleaning composition to rinse for about 2 minutes. -
5. The board was then tested for residual ionics with an Omega Meter
600 SMD ionic analyzer.
[0056] The cleaning performance was determined by weighing the
board prior to deposition of the flux, after the deposition of the flux and
then after the cleaning procedure. The results are given in Table 7.

TABLE 7
Composition ' Dry weight Wet weight Post dry weight | % soil removed
(wit%) (grams) (grams) (grams)

PEIK/t- 5.4951 5.5689 5.5010 92%
DCE/MeOH 5.0678 5.1401 5.0613 96%
(71.5/26.4/ 5.4815 5.5554 5.4846 96%
2.1) 3.3450 5.4124 5.3483 95%

Average 95%




g, 1.13 noles) dissolved in 83.8 g of water. The KOCH

sol ution was added dropwise to the flask with rapid
w@riornoesg’ over the course of about one hour asPE€TIES2007/005244

tenperature slowy increas@d from2 10C to 42C. The

reaction mass was diluted with water and the product

recovered by phase separation. The product was washed

with 50 nL portions of 10 wt % aqueous sodi um

bisulfite and water, dried over calciumchloride, and

then distilled at atnospheric Eressure. The product,

F24E (128.7 gm 63% boil and was

characterized by NWVR (19 CF3, m 3F),

-85.4(CF3, m3F) - 114. oMt r’%‘aﬁ") 1118.1 (CF2, m
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of g E ol GARbfer i Khivges o A ieghesy BT BRER dried

p-toaem@recany (E€4id08) sal nThe fare wéighE o€k Ehl cOEPGRds determined
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) 2CFCH 2CHI CF 3%&176 77C/ 200, M) in 62% yi el d.

@?%fogr 85 thgn 1 9'9h@s¢endéhpcaer%ntqusﬁ neeRvad galsylgted
M ygiRYtHe BOidcordEd digReyY THREbsits ard shiowr inTBathiars and

conneCted to a short path distillation columm and dry

ice trap was charged with isopropyl al cohol (50 m),

KOH (109 gm 1.96 noles) a g (109 m). The
heated to 42 % CH 2CH CF (109

im Cemees-ﬁen e3) Dmweighieq dMefowpight v{ a HesHRR t i pnPercent Soil
unneliwteBur i ng t graadyli t ijon, (grdiAs)t enper aiveight i Nc| easedtbved
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t >and th

pr BERE Y+RBE/ col | 318981 by |di s21T8'3ti oh. BIEPModubt wa3
C

pHFeeBadmeaashe@1va366 21.4199 21.3423 92
(45/40/15) 21.8751 21.9413 21.8804 92
Average 92

[0058] The results show efficient removal of mineral oil residue from
stainless steel surfaces by the compositions of the present invention.

EXAMPLE 7

Metal Cleaning
[0059] Stainless steel (type 316) 2" x 3" coupons that have been grit
blasted to provide an unpolished surface are pre-cleaned and oven dried
to remove any residual soil. The tare weight of each coupon is determined
to 0.1 mg. A small amount of DC 200 Silicone is applied with a swab, the
coupon is then re-weighed to obtain the "loaded” weight. The coupon is
then cleaned by immersion into a boiling cleaning composition for 1
minute, held in vapor for 30 seconds and then air dried for 1 minute. The



wat er
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55% vyi el d),
66.3 (CF3,
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boils at 48-50 0C and was
w@b@raeser i zed by NVR (19F: d -187.6 (CF, m 1RCT/US2002005244
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EXAMPLE 4 Synt hesis of CAF9CHI CH2C2F5
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[0061]

in a fresh,

Metal Cleaning Efficacy

Stainless steel (type 316) 2" x

3" coupons that have been grit

blasted to provide an unpolished surface are pre-cleaned and oven dried

to remove any

residual soil.

Each coupon is weighed to 4 places to obtain

a tare weight. A small amount of mineral oil is applied with a swab, the

coupon is then weighed to obtain the "loaded” weight. The coupon is then

cleaned by immersion into a boiling cleaning composition for 1 minute,

held in vapor for 30 seconds and then air dried for 1 minute. The coupon

is then weighed and the percent of soil removed is calculated using the 3

recorded weights. The results are shown in Table 10.

TABLE 10
Compoaosition Dry weight Wet weight Post Dry Percent Soil
(wt%) (grams) (grams) weight removed
{grams)
PFBE /t-DCE/ 21.3917 21.4755 21.3942 97
C4F3sOCH; (40 / 21.6437 21.7263 21.6462 97
48/12) 21.1654 21.2411 21.1684 96
Average 97




5. The board was then tested for residual ionics with
an Onega Meter 600 SMD ionic analyzer. [O066] The

W@ b@anoesg? per f ormance was determ ned by wei ghi POT/UR®07/005244
board prior to deposition @ the flux, after the
deposition of the flux and then after the cleaning
procedure. The results are given in Table 7. TABLE
7TEXAMPLE 6 Metal C eaning [0057] Stainless steel (type
316) 2" x 3" coupons that have been grit blasted to
provi de an unpolished surface are pre-cleaned and oven
dried to renove any residual soil. The tare wei ght of

eqPoéE2YPoN Tihe fé%hﬁ& @h%ﬂem.é?ﬂ Yeffoval obfihéraon tﬂ@éldate from

mneral "oil is applied with a swab, the coupon is

r estml%sse%teebswﬁa@@%bv fhiae 'cpam@t'onﬁecpfgthﬁ pmﬁ@nt:mypahon
is then cleaned by imersion into a boiling cleaning
conmposition for 1 mnute, held in vapor for 30 seconds
arPe63ih ai Ther festits show efficiand reMayat ofipiioones residune from

SRR Sl BYIRg kptiooiiion TREPH=REh i RhEEn

Table 8. TABLE 8 [0058] The results show efficient
renoval of mneral oil residue fromstainless stee
surfaces by the conpositions of the present invention.
EXAVPLE 7 Metal Ol eaning [0059] Stainless steel (type
316) 2" x 3" coupons that have been grit blasted to
provi de an unpolished surface are pre-cl eaned and oven
dried to renove any residual soil. The tare weight of
each coupon is determned to 0.1 ng. A snmall anount of
DC 200 Silicone is applied with a swab, the coupon is
then re-weighed to obtain the "l oaded" weight. The
coupon is then cleaned by imersion into a boiling

cl eaning conposition for 1



m nute, held in vapor for 30 seconds and then air
dried for 1 mnute. Thecoupon was then wei ghed and the
w@ercaossDf soil renoved is cal cul ated using tPET/BS2007/005244

recorded wei ghts. The resul26s are shown in Table 9.
TABLE 9 [0060] The results show efficient renoval of
silicone residue fromstainless steel surfaces by the
conpositions of the present invention. EXAMPLE 8 Met al
Cl eaning Efficacy [0061] Stainless steel (type 316) 2"
x 3" coupons that have been grit blasted to provide an
unpol i shed surface are preQUAIM(E) and oven dried to
renmove any residual soil. Each coupon is weighed to 4

pl aces Wg‘ﬁgi@ gliaﬂngﬁtigre wei ght. A small anount of

m ner al I S applied with a swab, the coupon is then
i ghed,t i ’ . ' j

Chen o1 huiich, Lamersit REmutFoEetiEnETeea 4.5.5.6.6.6-
conposi homaflioro-1thexende ¢PFBE)dand at dgast dner cipeand seédected
and then air dried for.1l minute., The cogpon . en
o1 ghedraiihertrofe ceisistiod SfidfocaBratiS if g, gnd
$sib|ng tllgyﬁdr_?_)zgaﬂﬁfaﬂbg%wghﬁ?}?n thehat leastibhe wnqoff_ahm it

abl e . . e.res show [ t

! roval TERS A S OIATOBR YIRS e tAbe P iane, HiEdea-10mee
sur f aceglobis, HFC-88BRE idldke ord niiktered begaRL-1,2vent i on.
[0063] The results show efficient renoval of silicone

r esi duedichifpgthyiene3ad 4EePCotilst aces by the
conpositions of the present invention.CLAIMS) Wat is

clzai medaigompdsition @&TA ik PPwREsIh isdid'8omposition is an
perfl uorobutyl ethylene (3,3,4,4,5,5,6,6,6- .

nonaf | UBFRRHIORIEEAZEOPPRE)KeFRMRPSIHRR ORS8N ound
sel ect eeefffu%%&ﬁl?l&ﬁﬂéﬁquﬁﬁn 5 B0 Bf6-AB8haAadRR T hexene
fluoral IXl et hers, and hydrofl lorocarbons, wherein the
at | eastPRB))@¥balledst ehgsrompound selected from the group

HFG. 23 T9asy B RelaRsyels HieRB (RS, ahd s Pltr o of

t r ans- 1hygrofluorocarbons, wherein the at least one compound is not
trans-1,2-dichloroethylene alone, C4FgOCHj3; alone, HFC-43-10mee
alone, HFC-365mfc alone, or a mixture of trans-1,2-
dichloroethylene and C4FgOCzHs.

3. An azeotropic or azeotrope-like composition as in claim 2 wherein
the at least one compound selected from the group consisting of
halocarbons and fluoroalky! ethers is either trans-1,2-
dichloroethylene, trichloroethylene, tetrachloroethylene, n-
propylbromide, C4FsOCH3, C4FsOC2Hs, HFC43-10mee, HFC-
365mfc or combinations thereof.

4. An azeotropic or azeotrope-like composition as in claim 2, wherein
' the azeotropic or azeotrope-like composition is selected from the
group consisting of;

about 44 to about 99 weight percent PFBE and about 55 to
about 1 weight percent n-propylbromide;



di chl or oet hyl ene and 4FgOC2Hs. 2. A conposition as in
claim1l, wherein said conposition is an azeotropic or
W@2@otempe- | i ke conposition conprising PCT/US2007/005244

per fl uorobutyl ethyl ene (3,374,4,5,5, 6,6, 6-nonafl uoro-i
-hexene (PFBE)) and at |east one conpound sel ected
fromthe group consisting of hal ocarbons, fluoralkyl

et hers, and hydrofl uorocarbons, wherein the at | east

one conpound is not trans-1 ,2-dichl oroethyl ene al one,

C4F9CCH3 al | C
or a mxt 3rg%‘? &Hrghégﬁu S\(ﬁaigl?ﬁn%rggphvgg%ggaq@bou%gg to

CAFgOCZHS.  3abdut RHRAGHtGEreent CARLOCIIpe- | i ke
conposition as in claim?2 vvherel n the at Ieast one

consi

d selected, f
vl ocar bons 460 80 ABavko Rl SSREnLl R S0y ou

, 2- dichlor osoméngnﬁpekéht:frbﬁgqetlwémaﬁ;ethylene and about 1 to
tetrachl or oet hyl ene npr opyl br om de, FOOCH3

CAFOOC2H5,  Hel@ut 19 eightipercentslRC-43r10me®i nat i ons

thereof. 4. An azeotropic or azeotrope-|ike

conmposi ti on gbdut 1ctodBBd.75\NeIght PerddntZEBE! aBbat 24 to about
azeotrope-|ike conmposition is se|ected fromt he

gro
consi sting of ® W@jglt Pareenbtrapsul.2 stichiereptbylsaes éﬁf’ about 1 to
PFBE and abogpogbrd M{imser&eﬁpc OCPRC8RY

n- propyl br om de; about to about wel ght percent

PFBE and about 99 to about 1 \NEI% percent CAF9
about 1 to aBBaut ¥éo ABPYhYOveigh EemBEHF&rELﬁBEOaWJHMO

about 60 wei QBbuPGd) 7%htt;‘Sé‘rﬁizéntltraﬁs-Gi' Qﬂna{leﬁiéibf I@HS and
and about 1 to about gercent FC-43-1

about 1 to aBbaut ‘r$0ﬂbpgh80mlg hpermeBEHFa%(s@ﬁrrﬁa,to

about 75 wei ght percent trans-1 ,2-dichl oroethyl ene,
argl aboah akebbfropic or azeotrope-like composition as in claim 2, wherein

the azeotropic or azeotrope-like composition is an azeotropic
composition selected from the group consisting of:

82.3 weight percent PFBE and 17.7 weight percent n-
propylbromide having a vapor pressure of about 14.7 psia
(101kPa) at a temperature of about 57.1 °C; and

40.1 weight percent PFBE, 47.5 weight percent trans-1,2-
dichloroethylene and 12.4 weight percent C4FgOCHj3; having
a vapor pressure of about 14.7 psia (101kPa) at a
temperature of about 41.3 °C.

6. A process for cleaning, comprising:

a. contacting a surface comprising a residue with the
composition of claims 1 and

b. recovering the surface from the composition.

7. The process of claim 6 wherein said residue comprises an oil.



about 70 wei ght percent C4FOOCH3; and about 1 to about
70 wei ght percent HFC- PFBE, about 15 to about 60
wowioghoosper cent trans-1, 2-dichl oroet hyl ene, aPdI/abmt/005244
1 to about 80 wei ght percen8 HFC- 365nfc; 5. An
azeotropic or azeotrope-like conposition as in claim
2, wherein the azeotropic or azeotrope-like
conposition is an azeotropic conposition selected from
the group consisting of: 82.3 wei ght percent PFBE and
17.7 wei ght percent npropyl brom de having a vapor .
priessur EBheprogras ofigaim Sawhaerein skidhnesiduerceompsisesaufosin flux.
of about 57.1 0C, and 40.1 wei ght percent PFBE, 47.5
W, ght Pigé pebedd 8PQain 6AVhEliM APPSR SLBEmpRded arft
wei ght percent CAF9QOCH3 having a vapor pressure of
about lintegrptedicirewidevireat a tenperature of about 4
1.3 0C. 6. A process for cleaning, conprising: a.
Cofy. act TRE cBnipHdithsie of 8BIh I1Siutthed c'bﬁ%rf&i‘ﬁg Whtderbls
conposition of clainms 1 and b. recovering the surface
from t HYOPEHEBLi tion. 7. The process of claim6
wherein said residue conprises an oil.8. The process
of claim®6 wherein said residue conprises a rosin
flux. 9. The process of claim6 wherein said surface
conprises an integrated circuit device. 10. The
conmposition of claim1 further conprising an aerosol
propel | ant . '



