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BRIEF SUMMARY OF TH_E__I_NVENTION
[0007] The present disclosure relates to compositions compriSing

fluorinated olefins and at least one compound selected from the group
cons:stmg of halocarbons fluoralkyl ethers, and hydroﬂuorocarbons

~ wherein the at Ieast one compound is not trans-1,2-dichioroethylene
alone, C4FsOCH; alone, HFC;43f1 Omee alone, HFC-365mfc alone, or a
mixture of trans-1,2-dichloroethylene and C4Fs0C2Hs. In one
embodiment, the at least one compound is selected from the group
consisting of:

n—propylbrom?de;
trichloroethylene;
tetrachloroethylene;
trans-1,2-dichloroethylene;
methanol; |
ethanol;

n~propanol; -
isopropanol; '



[ 0011] Conmpounds of Fornula | may be prepared by
contacting a perfluoroal kyl iodide of the fornmula H
with a perfluoroal kyltrihydroolefin of the fornmula-
R2CH=CH2 to forma trihydroi odoperfl uoroal kane of the
formul aRICH2CHI R2. Thi s trifwydroi odoperfl uoroal kane
can then be dehydroi odi nated to form RLCH=CHR2.
Al ternatively, the olefin RIOH=CHR2 may be prepared -
by dehydroi odi nati on of a trihydroi odoperfl uoroal kane
of the formula RICH CH2R2 formed in turn by reacting
a perfluoroal kyl. i.odide of the fornula R2ZI with a
GGHs: .
per f | uor oafu§d@€HBy dr ool efi n of the formul a R CH=CH2.
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enbodi nent, the contacting of a perfluoroallcyliodide
with a perfluoroal kyltrihydroolefin takes place in
the WD 20071100887PCT1l TS20071005244 6 presence of a
catalyst. In one enbodi nent, a suitable catalyst is a
Goup VIIIl transition netal conplex. Representative
Goup VIl transition netal conpl exes include,

Wi thout limtation, zero valent N L4 conpl exes,
wherein the ligand, L, can be a phosphine ligand, a
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N1L2(C0) 2 conpl ex. In one particul ar enbodi nent, the



[0028] I n yet another enbodi nent, the invention
relates to conpositions conprising

perfl uorobutyiethylene (3,3,4,4,5,5,6,6,6-
nonaf | uor o- 1- hexene), (PFBE), and at |east one
conpound sel ected fromthe group consisting of

al cohol s, hal ocarbons, fluorg kyl ethers, and
hydrofluorocarbons.
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HFC- 15491z, has CAS Regi stry Nunber 19430-93-4 and is
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1,1,1,2,3,3,3- heptafl uoropropane CF3CF2CF2CF20CH3
and (CF3) 2CFCF20C H3 C4F30CH3 163702-07-6 and.
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three phases have different conpositions. If the two
equi libriumliquid phases of a heterogeneous
azeotrope are conbined and the conposition of the
overal|l liquid phase calculated, this would be
identical to the conposition of the vapor phase.

[ 0035] As used herein, the term"azeotrope-like
conposition” also sonetinmes referred to as "near
azeotropi c conposition,” neans a constant boiling, or



TABLE 3 conmp A Comb B w% A vwt% B T(C) Fl4E
nmet hanol 85.1 14.9 59.1 F14E i sopropanol 87.1 12.9
66.9 F14E ethanol 87.9 12.1 65.2 F14E t-DCE 44.3 55.7

W&Q{,(,Qﬂfogggﬁ nPBr 54.4 45.6 66.6 F24E net hanol ,
"4 F24E i sopropanol 78.1521.9 74.1 F24E et Canpiintsass

79.2 20.8 71.8 F24E t-DCE 24.5 75.5 45 F24E nPBr 25.7
74.3 70.2 F24E PCE

[0012] Said contacting of a perfluoroalkyl iodide with a
perfluorcalkyltrihydroolefin may take place in batch mode by combining
the reactants in a suitable reaction vessel capable of operating under the .
autogenous pressure of the reactants and producis at reaction
temperature. Suitable reaction vessels _in_clude those fabricated from -
stainless steels, in particular of the austenitic type, and the well-known
high nickel alloys such as Monel® nickel-copper alloys, Hastelloy® nickel
based alloys and Inconel® nickel-chromium alloys. Alernatively, the
reaction may take be conducted in semi-batch mode in which the
perfluoroalkylirihydroolefin reactant is added to the perfluoroalkyl iodide
reactan{ by means of a suitable addition apparatus such asa pump at the
reaction temperature.
{oo13] The ratio of perfluoroalkyl iodide to peifluoroalkyltrihydroolefin
should be between about 1:1 to about 4:1, preferably from about 1.5:1 to
2.5:1. Ratios less than 1.5:1 tend to result in large amounts of the 2:1
adduct as reported by Jeanneaux, et. al . in Journal of Fluarine Chemistry,
Vol. 4, pages 261-270 (1974).
[0014]  Temperatures for contacting of said perflucroalkyl iodide with
said perfluoroalkylirihydroolefin 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 perﬂuoroalky! iodide with said
perﬁuoroalkyltnhydroolef n 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 perﬂuoroalkyltrihydrooieﬁn are from about 0.5 hour to 18
hours, preferably from about 4 {o about 12 hours.
[0016] The trihydroiodoperfluoroalkane prepared by reaction of the
perflucroalkyl iodide with the perfluoroalkyltrihydroolefin may be used
directly in the dehydroiodination step or may preferably be .recovered and
~ purified by distillation prior to the dehydroiodination step.
[0017] In yet another embodiment, the contacting of a
perfiuoroalkylicdide with a perfluoroalkyltrihydroolefin takes place in the



85.2 14.8 89.9 F24E TCE 65.0 35.0 75.9 PEI K net hanol
97.0 3.0 43.5 PEIK isopropanol 96.7 3.3 45.5 PEIK
ethanol 96.8 3.2 44.7 PEIK t-DCE 72.9 27.1 34.7 PEIK

wd3aorQhRe; 73.2 26.8 47.7 PEIK 365nfc 38.8 61. do
PFBE net hanol 92.2 7.8 50.p PFBE isopropanoll%gé.%f 1{0%5244

56. 3 PFBE ethanol 94.8 5.2 55.2 PFBE t-DCE 52.8 47.2
41. 3

presence of a catalyst. In one embodiment, a suitable catalyst is a Group
VI transition metal complex. Representative Group V!l transition metal
complexes include, without Emitation, zero valent I\:!iL.; complexes, wherein
the ligand, L, can be a phosphine ligand, a phosphite ligand, a carbonyi
ligand, an isonitrile iigand, an alkene ligand, or a combination thereof. In
one such embodiment, the Ni(0)Ly complex is a NiLx(CO); comiplex. In
one particular embodiment, the Group VIl transition metal complex is
bis(triphenyl phospine)hickel(()) dicarbonyl. In one embodiment, the ratio
of perfiuoroalkyl iodide to perfluoroalkyltrihydroolefin is between about 3:1
to about 8:1. In one embodiment, the temperature for contacting of said
perfluoroalky! iodide with said perflucroalkyltrinydroolefin in the presence
of a catalyst, is within the range of about 80°C to about 130°C. In another
embodiment, the temperature is from about 820°C to about 120°C.
[0018] In one embodiment, the contact time for the reaction of the
perfluoroalkyl iodide with the perfluoroalkyitrihydroolefin in the presence of
a catalyst is from about 0.5 hour to about 18 hours. In another
embodiment, the contact time is from about 4 to about 12 hours.

[0019] The dehydroiodination step is carried out by contacting the
trihydroiodoperfluorcalkane with a basic substance. Suitable basic
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.q., 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 adiponitrite),



13 PFBE nPBr 82.3 17.7 57.1 F22E nethanol 95.8 4.2
43.7 F22E isopropanol 98 0 2.0 47.2 F22E et hanol
97.6 2.4 46.6 F22E t-DCE 71.0 29.0 33.9 F22E nPBr

W@Zﬁﬂ@/léﬂ%&p 43.3 F22E 43-10nee 89.8 10.2 47..3154387/005244
365ntc 29.3 70.7. 39.2 FINg nethanol 95.5 4.

dimethyl sulfoxide, N,N-dimethylformamide, N,N-dimethylacetamide, or
sulfolane. The choice of solvent depends on the solubility of the basic
substance, the solubility of the perfiuoroalkyl iodide, and the solubility of
the perfluoroalkylirinydroolefin as well as the beiling point of the product,
and the ease of separation of traces of the solvent from the p-roduct during
purification. Typically, ethanol or isopropanol are good solvents for the
reaction. Separation of solvent from tﬁe product may be effected by
distillation, extraction, phase separation, or a combination of the three.
[0021] Typically, the dehydroiodination reaction may be carried out
by addition of one of the reactants (either the basic substance orthe
trihydroiodoperﬂuoi'oalkane) to the other reactant in a suitable reaction
vessel. Said reaction vessel may be fabricated from glass, ceramic, or
metal and is preferably agitated with an impelior or‘other stirring |
mechanism. '
[o022] Temperatures suitable for the dehydroiodination reaction are
from about 10°C fo about 100°C, preferably from about 20°C to about
70°C. The dehydroiodination reaction may be carried out at ambient
pressure or at reduced or elevated pressure. Of note are
dehydroiodination reactions in which the compound of Formula 1 is distilled
out of the reaction vessel as it is formed.
[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, heptarie, or
“octane), aromatic hydrocarbon (e.g., toluene), halogenated hydrocarbon
(e.g., methylene chloride, ethylen'e dichloride, chloroform, carbon
tetrachloride, or perchloroethylene), or ether (e.g., diethy! ether, methyl
tert-butyl ether, tetrahydrofuran, 2-methyl tetrahydrbfuran, dioxane,
diméthoxyethane, 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,
dodecyltrimethylammonium chloride, and tricéprylylmethylammonium



44. 4 Fl 3i E i sopropanol 97.8 2.2 48.0 F13i E et hanol

97.4 2.6 47.5 F13iE t-DCE 70.2 29.8 34.4 . F13lE

nPBr  86.4 13.6 44.0 Fl3i E 43-10nee 95.3 4.7 48.8
WPRRUTA0EENf ¢ 24.6 75.4 % 39.5 F3i 3i E net hanobCBBEsM07/005244

15.0 59.8 F3i3iE isopropafol 89.2 10.8 70.0 F3i3i E
ethanol 89.0 11.0 67.8 F3i3iE t-DCE 44.1

chioride), quaternary phosphonium halides (e.g.,
triphenyimethylphosphonium bromide and tetraphenylphosphonium
chioride), cyclic ether compounds known in the art as crown ethers (e.g.,
18-crown-6 and 15-crown-5).
[0024] Alternatively, the dehydroiodination reaction may be
conducted in the absence of solvent by adding, the
trinydroiodoperfluoroalkane to one or more solid or liquid | basic
: substance(s)
[0025] Suitable reaction times for the dehydroiodination reactions
are from about 15 minutes to about six hours or more depending on the
solubility of the reactants. Typically the dehydroiodination reaction is rapid
and requires about 30 minutes to about three hours for completion.
[0026] The compound of formula I may be recovered from the -
dehydroiodination reaction mixture by phase separation, opt:ona!ly after
 addition of water, by distillation, or by a combination thereof,
[0027] in another embodiment, the invention relates to compositions
comprising perfiucroethyl isopropyl ketone (1,1,1,.2,2,4,55 S-nonafluoro-4-
{trifiuoromethyl)-3-pentanone, (PEIK) and at least two compounds
selected 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 perfluorobutvisthyiens
(3,3,4,4,5,5,6,6,6- nonafiuoro-1-hexene), (PFBE), and at least one compound
selected from the group consisting of alcohols, halocarbons, fluoralky! ethers,
and hydrofluorocarbons. 3,3,4,4,5,5,6,6,6-Nonafluoro-1-hexene, also known
as HFC-1540fz, has CAS Registry Number 19430-93-4 and is available from

E.I. 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 fiuorinated clefin, or a fluorinated ketone and at least least
one compound selected from the group consisting of alcohols,
halocarbons, fluoroalkyl ethers, and hydrofluorocarbons.
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47. 3
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The fluorolefins of Table 1, PEIK, and PFBE may be

combined with the compounds listed in Table 2 fo form the present
}nvenﬁve compositions. The at least one compound selected from the
group consisting of alcohols, halocarbons, flucroalkyl ethers, or
hydrofluorccarbons to be combined with PFBE shall not be an alcohol,
trans-1,2-dichloroethylene alone, C4FoOCH; alone, HFC-43-10mee alone,

HFC-385mfc alone, or a mixture of trans-1,2-dichloroethylene and

C4FsOC2Hs.
TABLE 2
Name Chemical formula Synonym CAS registry
{or abbreviation) number
Halocarbons
trichloroethylene CHCI=CCl, TCE 79-01-6
tetrachloroethylene | CCL=CCl; PCE 127-184
(or _
perchloroethylene)
n-propylbromide CH1CH;CH,Br nPBr
trans-1,2- CHCI=CHCI -DCE 156-60-5
dichloroethylene
Alcohols
methano} CH,0H MeCH 67-56-1
ethanol CHRCHOH EtOH 64-17-5
n-propanol CH;CHCH,CH n-PrOH 71-23-8
isopropanol CH;CH(OH)CH3 IPA 67-63-0
Fluoroéthers .
mixture of isomers - | CFsCF.CFCF,0CH; C4FOCHs 163702-07-6
1,1,1,2,2,3,344- and (CF3).CFCF,0CH; and .
nenafluoro-4- 163702-08-7
methoxybutane and
2-(methoxy-
diflucromethyl)-
1,1,1.2,3,3,3-
heptafluoropropane
mixture of isomers - | CFCF.CFCF0C;Hs and C4FQOCZH5 163702-05-4
1-ethoxy- (CF3)2CFCF,0CHs and
1,1,2,2,3,3,4,4,4- 163702-06-5




42.8 57.2 65.4 F3i4E isopropanol 57.8 42.2 81.0
F3i 4E et hanol 58.7 41.3 77.3 F3i4E nPBr 31.9 68.1
69.6 F44E nPBr 8.1 91.9 70.9 [0038]Additionally in

nbodi nent, the azeotropic conpositi é}fmmﬂsm
wa A ifths £ A

e present invention may jgncl ude ternary an

guartemary azeotropic conposi tions conprising .
compounds from Table 2. Exanples without limtation
of these higher order azeotropic conpositions are
exenplified in Table 4 along wth the atnospheric

[ pet+nt-s—for the conpositions D
2(5' 14 PCT/ US2007/ 005244 TABLE 4
¢S B{ethRYConp 13 Comp C Wt % A Wt % B wt % C 711C)| F14E
t| -dibGeromethinol 34.4 59.0 6.6 39.9

1,1,1,2,3,3,3- :

heptaflucropropane

Hydrofluorocarhons

1.1.1.2,3,4,4,55,5- | CFaCHFGHFGF,C, HFC-43-10mee

decafluoropentane :

1,1,1,3.3- | CF2CH.CF,CHs HFC-365mfo

pentafluorobutane

[0031] The compounds listed in Table 2 are commercially available
from chemical supply houses. C,FgOCHa, and C4FgQC,Hs are available
from 3M™ (St. Paul, MN). HFC-43-10mee is available from E.l. DuPont
de Nemours & Co (Wilmington, DE). HFC—365mfc is available from
Solvay-Solexis.

[o032] Tﬁe compositions of the present invention may be prepared
by any convenient method by combining the desired amounts of the
individual components. A preferred method is to weigh the desired
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 oompbsitions 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; ri—propylbromide;
methanol; ethanol; n-propanol; isopropanol; C4FsOCHs;: C4F900;,;H5; 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-dichioroethylene alone,
C4FsOCHj3 alone, HFC-43-10mee alone, HFC-365mfc alone, or a mixture
of trans-1,2-dichloroethylene or C4FsOC,Hs.

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




F14E t-DCE .ethanol 41.9 55.1 3.0 43.2 F24E t-DCE
met hanol 10.3 802 9.4 41.0 F24E t-DCE et hanol 24.8
70.9 4.3 43.0 PEIK t-DCE nethanol 71.5 26.4 2.1 33.0

wo o 1d6ePCE ethanol 73.0 25.7 1.3 34.2 PEIK t; 007/005:
0 5600 16,1 34,3 PEIK t. DO 365 R m0sass

24.1 32.2 32.6 PFBE t-DCE C4F90C143 40.1 47.5 12.4
41.3 F22E t-DCE net hanol

without substantial composition change and behaves as a constant boiling
cdmposition. Constant boeiling compositions, which are characterized as
azeotropic, exhibit either a maximum or a minimum boiling point, as
compared with that of the non—azéotropic mixiures of the same
substances. Azeotropic compositions as used herein include
homogeneous azeotropes which are liquid admixtures of two or more
substances that behave as a single substance, in that the vapor, produced
by partial evaporation or distillation of the liquid, has the same composition
as the liquid. Azeotropic compositions as used herein also include
heterogeneous azeotropes where the liquid phase splits into two or more
liquid phases. In these embodiments, at the azeotropic point, the vapor
phase is in equilibrium with two liquid phases and all three phases have
different compositions. If the two equiiibrfum liquid phases of a
heterogeneous azeotrope are combined and the composition of the overall
liquid phase calculated, this would be identical to the compasition of the
vapor phase.

[0035] As used herein, the ferm "azeotrope-like cormposition” also
sometimes referred to as "near azeotropic composition,” means a constant
boiling, or substantiaily constant boiling liquid admixture of two or more
substances that behaves as a single substance. One way to characterize
an azeotrope-like,compos_ition 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 compasition at a particular temperature are substantiaily
the same. Herein, a oompbsition is azeotrope-like if, after 50 weight
percent of the composition is removed such as by evaporation or boiling
off, the diiference in vapor pressure between the original composition and
the éomposition remaining after 50 weight percent of the original

composition has been removed by evaporation or boil off is less than 10
percent.



67.9 29.7 2.4 32.6 F22E t-DCE 365nfc 45.4 27.2 27.4
33.0 F131E t-DCE nethanol 66.9 30.6 2.5 33.0 FI 3iE
t-DCE 43-10nee 69.8 29.8 0.4 34.4 FI 3iE t-DCE 365nfc

30.3 33.3 F3131E t-DCE et hanol 3% & /8@ mss
W e e . DCE ot hapol 41.1 56.3 2.6 e

F13E t-DCE nethanol 62.2 34.7 3.1 34.5 F13E t-DGE
43-10nmee 48.0 33.2 18.8

[0036] In cleaning apparati, such as vapor degreasers or defluxers,
some loss of the cleaning compositions may occur during operation
through leaks in shaft seals, hose connections, soldered joints and broken
_lines. In.addition, the working composition may be released to the
atmosphere during maintenance procedures on equipment. If the
composition is not a pure compound or azeotropic or azeotrope-like
composition, the composition may change when leaked or discharged to
the aimosphere from the equipment, which may cause the composition
remaining in the equipment to become flammable or to exhibit
unacceptabie performance. Accordingly, it is desirable to use as a
cleaning composition a single fluorinated hydrocarbon or an azeotropic or
azeotrope-like composition that fractionafes 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 wit% A wi’% B T{C)
F14E methanol 85.1 14.9 59.1
F14E isopropanol 87.1 12.9 66.9.
F14E ethanol 87.9 121 65.2
F14E t+-DCE 44.3 55.7 440
F14E nPBr 54.4 45.6 66.6
F24E methanol 72.1 279 63.4
F24E isopropanol 78.1 219 74.1
F24E ethanol 79.2 20.8 71.8
FZ4E -DCE 24.5 75.5 45
F24E nPBr 25.7 74.3 70.2
F24E PCE 85.2 14.8 89.9
F24E TCE 865.0 35.0 75.9
PEIK methanol 97.0 3.0 43.6
PEIK isopropanol 96.7 3.3 45.5
PEIK ethanol 96.8 3.2 447
PEIK t-DCE 72.9 27.1 34.7
PEIK 43-10mee 73.2 26.8 47.7
PEIK 365mfc 38.8 612 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 -DCE © 528 47.2 41.3



36.1 F13E t-DCE 365nfc 23.1 30.3 46.6 34.4 [0039] The
bi nary azeotrope-like invention are listed in Table
5. TABLE 5 conpositions of the present conp A Conps

9 % B T(C) F14E Methanol 60-99 1-40 5 <

W%Og%’f"é%%nol 70-99 1-30 6649 FUE Et hanol 72- 3’5’3”1‘{:5%@%"0”44

65.2 F14E t-DCE 1-75 25-99 44.0 FI 4E nPBr 1-99 1-99
66. 6 F14E CAF9OCH3 1-99 1-99 50 F14E C4F90C21-15 1-99
1-99 50 F14E 43- 10nee 1-99 1-99 50 '

PFBE nPBr 82.3 17.7 57.1

F22g methanol 95.8 4,2 43.7
F22E isopropanaol 8.0 2.0 47.2
F22E ethanol 97.6 24 46.6
F22E t-DCE 71.0 298.0 33.9
F22E nPBr 87.0 13.0 43.3
F22E 43-10mee 89.8 10.2 47.9
F22E 365mfc 29.3 70.7 39.2
F13iE methanol 955 4.5 44.4
F13iE isopropanagl 97.8 2.2 48.0
F13iE ethanol 97.4 26 . 415
F13IE +DCE 702 29.8 34.4
F13iE nPBr 86.4 136 44.0
F13iE 43-10meé 95.3 4.7 48.8
F13iE 365mfc 246 B4 30.5
FIi3iE methanot 85.0 15.0 59.8
F3i3iE isoproparol 89.2 10.8 70.0
F3i3IE ethanol 89.0 1.0 67.8
F3i3iE t+-DCE 441 55.9 445
F3Ii3iE C4Fg0OCH; 22.8 772 757
F3i3iE nPBr 67.4 3286 61.3
F13E methanol 84.4 5.6 47.3
F13E isopropanol 96.9 3.1 51.9
F13E ethanol 96.5 35 51.1
F13E +-DCE 66.3 337 36.3
F13E nPBr 83.7 16.3 47.1
F13E 43-10mee 59.5 40.5 52.3
_F34E +DCE 76 92.4 47.6
F3i4E methanol 42.8 57.2 65.4
F34E isopropanol 57.8 422 81.0
F34E ethanol 58.7 41.3 77.3
F3I4E nPBr 31.9 - 6841 69.6
FA4E nPBr 8.1 91,9 70.9

[0038] Additionélly 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.



F24E Met hanol 1-91 9-99 63.4 F24E | sopropanol 67-91
9-43 74.1 F24E Ethanol 57-92 8-43 71.8 F24E t-DCE
1-63 37-99 46.1 F24E nPBr 1-70 30-99 70.2 F24E PCE
9 89.9 F24E TCE 40-84 16-60 75.9 <
W T US2067) 005244 15 F24E GrroocCTuspogosast
1-99 50 PEIK Met hanol 91-99 1-9 43.5 PEIK | sopropano
57-99 1-16 45.5 PElI K Ethanol 85-99 1-15 44.7 PEIK

TABLE 4
Comp A Comp B Comp C wi% A wi% B wit% C T{C)
F14E +DCE methanol 34.4 59.0 6.6 30.9
F14E +DCE ethanol 41.9 55.1 3.0 432
F24E t+DCE methanol 10.3 80.3 9.4 41.0
F24E t-DCE sthanol 24.8 70.9 4.3 43.0
PEIK i-DCE methanol 71.5 26.4 21 33.0
PEIK t-DCE ethanol 73.0 25.7 1.3 34.2
PEIK +DCE 43-10mee 57.0 26.9 16.1 34.3
PEIK +DCE 365mfc 43.7 24.1 32.2 326
PFBE tDCE G Fs0CH; 40.1 47.5 124 41.3
F22E t-DCE methanol 67.9 29.7 2.4 32.6
F22E t-DCE 365mfc 454 27.2 27.4 33.0
F13iIE t+-DCE methanol 66.9 30.8 25 33.0
F13iE t+DCE °  43-10mee 59.8 29.8 0.4 34.4
F13IE +DCE 365mic 419 27.8 30.3 33.3
F3i3iE +DCE methanol 329 60.2 6.9 40.1
F3i3iE t+-DCE ethanol 41.1 56.3 26 43.8
" F13E +DCE methanol 62.2 34.7 31 345
F13E +-DCE 43-10mee 48.0 33.2 18.8 36.1
F13E t-DCE 365mic 23.1 30.3 46.6 34.4

[0039] The binary azeotrope-like compositions of the present
invention are listed in Table 5. |

TABLE S

Comp A Comp B wi% A with B TC)
F14E Methanol 60-99 1-40 58.1
Ft4E © Isopropanol 70-99 1-30 86.9
Fi4E Ethanol 72-99 1-28 65.2 .
F14E t-DCE 1-75 25-99 44.0
F14E nPBr 1-99 1-29 56.6
F14E C4FoOCH; 1-99 1-99 50
F14E C4FaOCHs 1-99 1-99 50
F14E . 43-10mee 1-99 1-89 50
F24E hMethanol 1-91 989 63.4
F24E Isopropanol 57-91 9-43 74.1
F24E Ethanol 57-82 843 71.8
F24E +DCE 1-83 3799 46.1
F24E nPBr 1-70 3099 70.2
F24E PCE 61-99 1-39 89,9

F24E TCE 40-B4 16-60 75.9



t-DCE 50-88 12-50 34.7 PEl K 4310ntee 1-99 1-99 47.7
PEl K 365mic 1-99 1-99 38.1 PEI K CAF9OCH3 1-99 1-99
50 PFBE Met hanol 80-99 1-20 50.6 PFBE | sopropanol
7 56.3 PFBE Ethanol 83-99 1-17 55. -
‘ngmﬁgm%%;79 21-79 41.3 PFBE nPBr 44-99 1-55 F i Ge0sass
CAF90CL- 13 1-99 1-99 50 PFBE CAF90C21-15 1-99 1-99 50
PFBE 43- 10mee 1-99 1-99 50

F24E C4Fs0OCHs 1-99 1-99 50

PEIK Methanol 91-9¢ 1-9 43.5
PEIK Isopropanol 57-99 1-16 45.5
PEIK Ethanol 85-99 1-15 - 447
PEIK +DCE 50-88 12-50 34.7
PEIK 4310mcee 1-89 1-99 47.7
PEIK 365mfc 1-99 1-99 381
PEIK C,FgOCH; 1-88 1-09 50

PFBE Methanol 80-99 1-20 50.6
PFBE Isopropanol 83-99 1-17 56.3
PFBE Ethanol 83-99 117 55.2
PFBE +DCE 2179 21-79 413
PFBE nPBr 44-99 155 571
PFBE - CaFsOCH, 1-99 1-09 50

PFBE CaFs0CzHs 1-99 1-99 50

PFBE 43-10mee 1-99 1-98 50

PFBE 2Bs5mic 1-99 1-99 S0

F22E Methanol B86-9g9 1-14 43.7
F22e Isopropanol 88-99 1-12 47.2
F22E Ethano! 88-99 1-12 46.6
F22E t+-DCE 48-87 13-52 33.9
F22E nPBr 64-99 1-38 43.3
F22E 43-10mee 1-99 1-99 47.9
F22E 3656mfc 1-99 1-99 38.2
F22E CsFOCH, 1-99 1-99 50

F13iE Methano! 86-99 1-14 44.4
F13iE Isopropancl 8798 1-13 48.0
F13iE Ethancl - 88-99 112 . 47.5
F13iE t-DCE 45-86 14-54 34.4
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 C.FaOCH; 1-89 1-89 50

F3i3iE Methanol 57-99 143 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 C,Fg0OC:H;s 1-99 1-99 75.7
F3i3iE nPBr 43-86 14-57 61.3
F3i3iE C4FsOCH; 1-99 1-99 50

F13E Methanol 84-99 116 47.3
F13E Isoprapanol 86-99 1-14 51.9
F13E Ethanol B86-99 1-14 51.1
F13E t-OCE 42-84 16-58 36.3
F13E nPBr 61-89 1-39 47.1
F13E 43-10mee 1-89 1-89 52.3
F13E C4F0CH; 1-99 1-89 50

F13E C4FsOCzHs 1-99 1-99 50

Fi3E 365mfc 1-99 1-98 50



PFBE 365nfc 1-99 1-99 50 F22E Met hanol 86-99 1-14

43.7 F22E | sopropanol 88-99 1-12 47.2 F22E Et hanol

88-99 1-12 46.6 F22E t-DCGE 48-87 13-52 33.9 F22E nPBr
w&409800bs36 43. 3 F22E 43-10nmee 1-99 1-99 47. $HAdB007/005244

365mlc 1-99 1-99 39.2 F225C4AF90C143 1-99 1-99 50

F13i E Met hanol 86-99 1-14 44.4 F13i E | sopr opanol

87-99 1-13 48.0 FINE Et hanol 88-99 1-12 .

F3i4E +-DCE 1-69 31-89 476
F3i4E Methanol 1-88 11-89 65.4
F3i4E Isopropanol 1-88 12-99 81

F34E Ethanol 1-89 11-99 77.3
F3i4E nPBr 1-72 28-99 69.6
F44E nPBr 1-70 30-99 70.9

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

, TABLE &6
Comp A Comp B Comp C wi% A wt%% B wi% C
F14E - t-DCE C,4FsOCH,; 1-70 20-70 1-70
F14E t-DCE C4FQCHs 1-70 29-90 1-60
F14E t-DCE 43-10mee 1-80 1560 1-80
F14E t-DCE 365mfc 1-70 10-60 1-80
F14E t+-DGE Methanol 1-70 - 29-98 1-30
F14E t-DCE ethanol 1-70 20.98 1-20
F24E t-DCE C4FOCH; 1-70 20-70 1-79
F24E t-DCE C4FsOC,H;5 1-60 - 30-80 1-60
F24E t+-DCE ] Methanol . 180 40-28 . 125
F24E t-DCE ethanol 1-60 39-98 1-20
PEIK t+-DCE C4FsOCH3 1-70 20-50 1-70
PEIK t-DCE Methano! 50-85 14-49 19
PEIK t+-DCE ethanol 50-85 14-49 1-8
PEIK t-DCE 43-10mee 1-85 10-65 1-80
PEIK t-DCE 365mfc 1-85 1-55 1-85
PFBE t-DCE 43-10mee 4-70 20-60 1-79
PFBE t-DCE 365mfc 1-70 15-60 1-80
PFBE +DCE C4FsOCH; 1-75 24.76 1-70
F22E t-DCE C4FsOCH; 1-70 29-70 1-70
F22E t-DCE 43-10mee 1-80 18-80 1-80
F22E t-DCE Methanol 45-.85 14-54 1-10
F22E t-DCE asgsmfc 1-8% 10-60 1-85
F13iE -DCE C4FOCH; 1-75 24-70 1-70
F13IiE +DCE Methanol 45-85 14-54 1-10
F13IE +-DCE 43-10mee 1-82 10-60 1-80
F13iE t-DCE 365mic 1-89 10-60 ' 1-84
F3i3iE t+-DCE Methanol 1-70 29-95 1-25
F3i3ikE t-DCE ethanol 1-85 34.98 1-15

(%)
50
50
50
50

39.9

432

50
50
41.0
45.0

50
33.0
34.2
34.3
326

50
50°
41.3

50
50
32.86
330

50
33.0
34.4
33.3

401
43.8



47.5 FINE t-DCE 46-86 14-54 34.4 F13l E nPBr
1-36 44.0 F131E 43-10rnee 1-99 1-99 48.8 FINE 365nfc
1-99 1-99 39.6 F13i E CAF90CH3 1-99 1-99 50 F3131E

é 57-99 1-43 59.8 F313l E |SOpr Opanol P@?[%%007/903244

70.0 F3i 3i E Ethanol 73-99 1-27 67.8 F3131E t-DCE

64-99

1-76 24-99 44.5 F3i 3i E 04F90C2H5 1-99 1-99 75.7
43-86 14-57 61.3 F3131E CAF900H3 1-99

F3131E nPBr

F3i3iE
F3i3iE
F13E
F13E

F13E
F13E

F3i4E
F3M4E

F44E

[0041]

tDCE
+BCE

- t-DCE

t-DCE
+-DCE
t-DCE

t+-DCE
tDCE

t-DCE

in yet another embodiment of the invention, the compositions

C4FQOCH 3
C4FsOCHs

Methanot
43-10mee
365mfc
C4FOCH;

C4F0OCH;
C4FoOCH5

C4Fe0CzHs

1-69
1-69

45-80
1-85
1-85
1-80

1-30
1-60

1-70

30-70

'30-80

19-54
14-60
14-60
19-70

25-69
30-98

1-60

1-69
189

1-10
1-80
1-80
1-70

30-69
1-60

20-98

.of the present invention may further comprise an aerosol propellant.

Aerosol probeliants 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, nifrogen, carbon dioxide, difiuoromethane (HFC-
32, CHaF?2), triflucromethane (HFC-23, CHF?3), difluoroethane (HFC-152a,
CHF,CHg), trifluoroethane (HFC-143a, CH3CF3; or HFC-143, CHF,CHgF),

tetrafluoroethane (HFC-134a, CF3CHzF; HFCG-134, CHFCHF;),

pentafluoroethane (HFC-125, CFz:CHF2), heptafluoropropane (HFC-227ea,
CF;CHFCF3), pentafiuoropropane (HFC-245fa, CF3CH2CHEF?), dimethyl
ether (CH;OCH,), or mixtures thereof.

[0042]

In an embodiment of the invention, the present in\ientive

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, pBGA (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]

process for removing residue from a surface or substrate, comprising:

In another embodiment the present invention relates to a

contacting the surface or substrate with a composition of the present

invention and recovering the surface or substrate from the composition.

80
50

34.5

36.1

344
50

50
50

o0



1-99 50 F13E Met hanol 84-99 1-16 47.3 F13E
| sopropanol 86-99 1-14 51.9 F13E Et hanol 86-99 1-14
51.1 F13E t-DCE 42-84 16-58 36.3 F13E nPBr 61-99 1-39

W(g‘r?ogg{n@ééﬁ 43-10nmee 1-99 1-99 52.3 F13E MFQ%%S}?PQ@&ZM

F13E CAF90C-2H5 1-39 1-99 50 F13E 3
1-99 50 WO 20071100887 PCT/ US2007/ 005244
F3i 4E

[0044] In a process embodiment of the invention, the surface or
substrate may be an integrated circuit device, in which case, the residue
comprises rosin flux or oil. The integrated circuit device may be a circuit
board with various types of components, such as Flip chips, uBGAs, or
Chip scale packaging components. The surface or substrate may
additionally be a metal surface such as stainless steel. The rosin flux may
be any type commonly used in the soldering of integrated circuit devices,
including but not limited to RMA (rosin mildly activated), RA (rosin
activated), WS (water soluble), and OA (organic acid). Ol residues
inclide but are not limited to mineral oils, motor oiis, and silicone oils.
[o04a5] 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
compositicn or wiping the device with a substirate that has been wet with
the composition. Alternatively, the composition may aiso be used in a
vapor degreasing or defluxing apparatus designed for such residue

" removal. Such vapor degreasing or defluxing edquipment is available from
various suppliers such as Forward Technology {2 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 metely illustrate
the invention, and are not meant to be limiting in any way whatsoever.



t-DCE 1-69 31-99 47.6 F314E Met hanol 1-89 11-99 65.4
F3i 4E | sopropanol 1-88 12-99 81 F314E Et hanol 1-89
11-99 77.3 F3i4E nPBr 1-72 28-99 69.6 F44E nPBr 1-70

wo ki foods © [0040]1n addition to the binary pepmsangzonszas
azeotrope-like conpositiong in the preceding téubize,

hi gher order (ternary or quartemary) azeotrope-like
conpositions are included in the present invention.
Exanpl es without limtation of ternary or higher
order azeotrope-like conpositions are given in Table

6. TABLE 6 Cornp A Conp B Comp C wt?'/0A vvt% B w %
Crig Fl4E t-DCE MFgocml_EE@_'EA S70 1-70 50 Fl4E
t - DCE CAF90C2FI 5 1-70 29-90 1-60 50 F14E t-DCE 43-1
Oree

EXAMPLE 1

Synthesis of '1 1.1.4.4.5.56.6.7.7.7-dodecafluorohept-2-ene (F14E)

Synthesis of C4FsCHCHICF3
[o048] Perfluoro-n-butyliodide (180.1 gm, 0.52 moles) and 3,3,3-

trifluoropropene {25.0 gm, 0.26 moles) were added to a 400 ml
Hastelloy™ shaker tube and heated to 200°C for 8 hours under
autogenous pressure which increased {o a maximum of 428 PS1. After
cooling the reaction vessel to room temperature, the product was
collected. The product of this reaction and two cthers carried out in
substantially the same r‘nanher. except that one of the reactions had twice _
the quantity of reactants, were combined and distilled to give 322.4 gm of
C4FgCH2CHICF3 (52.2°C/35 mim,70% yield).

Conversion of C4FsCHCHICE; to F14E

[0049] A 2 liter round bottom flask equipped with a stirring bar and

packed distillation column and still head was charged with isopropy!

alcohol (95 mi), KOH (303.7 gm, 0.54 moles) and water (303 ml).

C4FgCH2CHICF3 (322.4 g, 0.73 mole) was added dropwise via addition
_funnel to the aqueous KOH/PA mixture at room temperature. The

reaction was then heated fo 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 (15.2 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: 5 -66.7 (CFa', '
m, 3F), -81.7 (CF3, m, 3F), -124.8 (CF2, m, 2F), -126.4 (CF>, m, 2F), -
114.9 ppm (CFz, m, 2F); 'H: 6.58d)



1-80 15-60 1-80 50 F14E t-DCE 365nfc 1-70 10-60 1-80
50 F14E t-DCE Met hanol 1-70' 29-98 1-30 39.9 Fl4E
t- DCE et hanol 1-70 29-98 1-20 43.2 F24E t-DCE

13 1-70 20-70 1-70 50 F24E t-DCE CAR99%2bdoS00saes
waRAe S 1780 50 roaE t opCE Met hanol 1- 50 g8/esh
1-25 41.0 F24E t-DCE ethanol 1-60 39-98 1-20 45.0 PEl
K t-DCE CAF9OCH3 1-70 20-50 1-70

EXAMPLE 2

Synthesis of 1,1,1,2.2,5,5,6,6,7,7.8.8,8-tetradecafluorooct-3-ene (F24F)

Synthesis of C,FeCHICH,CoF5

[0050] Perfluoroethyliodide (220 gm, 0.895 mole) and
3,3,4,4,5,5,6,6,6-nonafluorohex-1-ene (123 gm, 0.50 mole) were added to
a 400 ml Hastelloy™ shaker tube and heated fo 200°C for 10 hours under
autogencus pressure. The product from this and two others carried out -~

under substantially similar conditions were combined and washad with two
200 mL portions of 10 wt % aqueous .?sodium bisuifite. The organic phase
was dried over calcium chioride and then distilled to give 277.4 gm of
C4FgCHCHICF; (79-81°C/ 67-68 mm Hg) in 37% yield.

Conversion of C4sFsCHICH.CoF5 to F24E
[0051] | A 1L round bottom flask equipped with a mechanical stirrer,

addition funnel, condenser, and thermocouple was charged with
C4FCHICH,CF5 (277.4 gm, 0.56 moles) and isopropanol (217.8 g). The
addition funnel was charged with a solution of potassium hydroxide (74.5
g. 1.13 moles) dissolved in 83.8 g of water. The KOH solution was added
dropwise to the flask with rapid stirring over the course of about one hour
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 i)ressure. The product, F24E (128.7 gm, 63%)
boils at 95.5°C and was characterized by NMR (*°F: & -81.6 (CFs, m, 3F),
-85.4(CF3, m 3F), -114.7 (CFz, m, 2F), -118:1 (CFz, m, 2F), -124.8 ppm
{CF32, m, 2F), -126.3 ppm (CF2, m, 2F); 'H: 56.48;chloroform-d solution).



50 PEI K t-DCE Met hanol 50-85 14-49 1-9 33.0 PEI K
t - DCE et hanol 50-85 14-49 1-9 34.2 PEIK t-DCE
43-10nee 1-85 10-66 1-80 34.3 PEI K t-DCE 365nfc 1-85

walaiifndu§p 32 0 PFBE {-DCE 43-10mee 1-70 20- Gufoctfhrafis
PFBE t- DCE 365nfc 1-70 15-0 1-80 50' PFBE t s 44

CAFOOCH3 1-75 24-75 1-70 41.3 F22E t-DCE CAF90CH3
1-70 29-70 1-70 50 F22E t-DCE :

EXAMPLE 3

Svynthesis of 1,1.1.4,5.5.5-Heptafluoro4-(trifluoromethyh)-pent-2-ene
(F13iE)

Synthesis of CF;CHICH.CF(CF3)>

[0052] (CF3).CFIl (265 gm, 0.9 moles) and 3,3,3-triflucropropene (44.0
gm, 0.45 moles) were added to a 400 mi Hastelloy™ shaker tube and
heated o 200°C for 8 hours under autogenous pressure which increased
to a maximum of 585 psi. The product was collected at room-temperature
to give 110 gm of (CF3)2CFCHCHICF3 (76-77°C/200 mm) in 62% yield.

Conversion of (CF3) :.CFCH,CHICF3 to F13ikE
[0053] A 500 ml round bottom flask equipped with a stirring bar and

connected to a short path distillation column and dry ice trap was charged
with isopropyi alcohoi (50 ml), KOH (109 grn, 1.98 moles) and water (109
mf). 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 MgSO,, and distilled. The product, F13iE (41 gm, 55%
yield), boils at 48-50°C and was characterized by NMR (19F: 5 -187.6
(CF, m 1F), -77.1 (CF3, m 6F), - 66.3 (CF3;, m 3F); chloroform-d solution).

EXAMPLE 4

Synthesis of C4AFSCHICH2C2F5

[0054] 3.3,4,4,5,5,6,6,6-Nonafluorohex-1-ene (20.5 gm, 0.0833
mole), bis(triphenyl phesphine)nickel(0) dicarbonyl (0.53 g, 0.0008 mole),
and perfluoroethyliodide (153.6 gm, 0.625 mole) were added to a 210 mi
Hastelloy™ shaker tube and heated at100°C for 8 hours under
autoganous‘pressure. Analysis of the product by GC-MS indicated the




43-10nee 1-80 19-60 1-80 50 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 04F90CH3 1-75 24-70 1-70 50 F13IE

wé 2085%obet hanol  45-85 14-54 1-10 33.0 F131E tfggpgmw a4
23-70mee 1-89 10-60 1-80 3.4 F13i E t-DCE 365m ¢ 1. 89

10-60 1-84 33.3 F3i3i E t-DCE Met hanol 1-70 29-95 1-25
40.1 F3i 3l E t-DCE et hanol 1-65 34-98

presence of C4F9CHICH2C2F5 (64.3 GC area %) and the diadduct (3.3
GC area %); the conversion of 3,3,4,4,5,5,6,8,6-nonafluorchex-1-ene was
80.1%. ' '
EXAMPLE 5
De-fluxing

[0055] The compositions of the present invention are effective for

cleaning ionic contamination (flux residue) from a surface. The test used to

determine surface cleanliness involved the following steps:

1. Arosin flux was painted liberally onto a FR-4 test board (an epoxy
printed wiring board with tracing made of tinned copper).

2. The board so treated was then heated in an oven at about 175 °C for
about 1-2 minutes to activate the rosin flux.

3. The board was then immersed in solder (Sn63, a 63/37 Sn/lead solder)

- at about 200 °C for about 10 seconds. '

4. The board was then cleaned by immersion in the boiling cleaning
composition for about 3 minutes and providing gentle movement of the
board. The board was then immersed in a fresh, room temperature
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 resuits are given in Table 7.

JABLE7
Composition - Dry weight Wet weight Paost dry weight | % soit removed
(wi%) {grams} (grams) (grams)

PEIK/- 5.4851 5.5689 5.5010 92%
DCE/MeOH 50678 51401 5.0613 96%
(71.57/26.41/ 5.4815 5.5654 5.4846 86%
2.1) 3.3450 5.4124 5.3483 95%

Average 95%




1-15 43.8 17 F3i 3i E t - DCE CAF90CH3 1-69 30-70
1-69 50 F3i 3i E t-DCE C4F90C2H5 1-69 30-80 1-69 50
F13E t- DCE Met hanol 45-80 19-54 1-10 34.5 F13E t-DCE

Ao lARe 1-85 14-60 1-80 36.1 FI3E t- DCE 3653gdkadg
WORYEE - 80 34.4 FI 3E t - DCBs CAFIOCHE 1- 80 o P fuphigos2us

50 F314E t-DCE CAF900H3 1-30 25-69 30-69 50

EXAMPLE 6

Metal Cleaning _
[0057] Stainless steel (type 316) 2" x 3" coupons that have heen grit.
blasted to provide an unpolished surface are pre-cleaned and oven dried
to remove any residual scil. The tare weight of each coupon is determined
1o 0.1 mg. A small amount of mineral oil 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 SD-seconds and then air dried for 1 minute. The
coupon os then re-weighed and the percent of soil removed calculated
using the 3 recorded weights. The results are shown in Table 8.

TABLE 8
Composition | Dry weight | Wet weight Post Dry Percent Sonl
{wi%) (grams) {grams) - weight removed
. . . {grams)

P?BE H-DCE / 21.6951 21.7812 21.7011 93
HFC-43-10mee 21.33566 21.419%8 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
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[ 0046] An effective conposition for renoving




-85.4(CF3, m3F), -114.7 (CF2, m 2F9, -118:1 (CF2,
m 2F), -124.8 PPm (CF2, m 2F), -126.3 ppm (CF2, m
2F); 1H:. $6.48;chloroformd solution). WD

w7 4dReB887PCT/ US2007/ 005244 21 EXAMPLE 3 Sylbheshieesas
of 1.1 .1

25 L
.4,5,5,5-Heptafl uoro-4-(trifluoronethyl)-pent-2-ene
(F13i E) Synthesis of CF3CH CH, CF(CF3)g [ 0052]
(CF3)2CFI (265 gm 0.9 noles) and
3,3,3-trifluoropropene (44.0 gm O0.45 noles) were
added to a 400 ml HasteHort shaker tube and heated to
200C for 8 hours under autogenous pressure which

i f[ﬁﬁ‘ffd t Phé rERufisBHBWP bRt RSinoval e rﬁfr‘%ﬁiﬁlc&i% M&%due from
co 10 gmo

ected at roomtenperature to give 110 gm0
( ctainiess ctedisudrges by-the copumsitignsi of the wrgsentdnvention.
Conversi on of (CF312CFCH CHI CF3 to F13i E [ 0053] A 500
m_round bottom flask equipped with a stirring bar

arl®QG3hect Eae resultssshow efficiontqemovp| ef sitspnetesiduetiom
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m xture was heated to 42C and (CF3) 2CFCH2CHI CF3 (109
gm 0.28 noles) was added dropwi se via an addition
funnel. During the addition, the tenperature
increased from42 to 55C. After refluxing for 30

m nutes, the tenperature in the flask increased to
62C and the product was collected by distillation.
The product was collected, washed with water, dried
wi th My604, and distilled. The product, F131E (41 gm
55% vyield), boils at 48-50C and was characterized by
NWVR (19F. 8-187.6 (CF, m1F), -77.1 (CF3,.m6F), -
"66.3 (CF3; m3F); chloroformd solution). EXAMPLE 4
Synt hesi s of CAF9CH CH2C2F5
[0054]3,3,4,4,5,5, 6, 6, 6-Nonaf | uorohex-1-ene (20.5 gm
0.0833 nole), bis(triphenyl phosphine)nickel (0)

di car bonyl (0.53 g, 0.0008 nole), and

perfl uoroethyliodide (153.6 gm 0.625 nole) were
added to a 210 m Hastell oyTm shaker tube and heated
at 100C for 8 hours under autogenous pressure.

Anal ysis of the product by GC-MS indicated the WO
20071100887PCT/ US20071005244 22 presence of

CAFOCHI CH2C2F5 (64.3 GC area % and the di adduct (3.3
GC area c/0); the conversion of
3,3,4,4,5,5, 6, 6, 6-nonaf | uorohex-1-ene was 80. 1%
EXAMPLE 5 De-fl uxing [0055] The conmpositions of the
present invention are effective for cleaning ionic
contam nation (flux residue) froma surface. The test
used to determ ne surface cleanliness involved the
followi ng steps: 1. Arosin flux was painted
liberally onto a FR'4 test board (an epoxy printed

Wi ring board with tracing nmade of tinned copper). 2.
The board so treated was then heated in an oven at
about 175 C for about 1-2 mnutes to activate the
rosin flux. 3. The board was then inmersed in sol der
(8n63, a 63137 Sn/l ead sol der) at about 200 C for
about 10 seconds. 4. The board was then cl eaned by

i mer,sion in the boiling cleaning conmposition for
about 3 m nutes and providing gentle novenent of the
board. The board was then immersed in a fresh, room
tenperature bath of cleaning conposition to rinse for
about 2 mnutes. 5. The board was then tested for
residual ionics with an Omrega Meter 600 SMD ionic
anal yzer. [0056] The cl eani ng performance was

deternmi ned by wei ghing 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 Conposition (W% Dry



3.3450 5.4124 5.3483 95% Average 95% WO
20071100887PCT/ US2007/ 005244 23 EXAMPLE 6 Met al
Cl eaning [0057] Stainless 2§ eel (type 316) 2" x 3"
coupons that have been grit blasted to provide an
unpol i shed surface are_&i%$ﬁgsaned and oven dried to
renove any residual soil. tare wei ght of each
coupon is determned to 0.1 ng. A small anount of

Whaliinglaimedis| s applied with a swab, the coupon is
then re-weighed to obtain the "l oaded" weight. The
coupon i s then cl.eaned by, | rsion int boilin
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30 @@,ﬁp@!&gﬁf@i ﬁdﬁaﬂu@bﬁqﬁj&xbﬁg, a{bﬁ:ﬁt 4o tasiamPea? WwaRght percent
coupon as then re-weig an ercent of so
oA S HienToARETRs G SbE 4o Be b o d e HFGer
resitese. are shown in Table 8. TABLE 8 Conposition
(wt9,0) Dry weight (grans) Wet weight (grans) Post
Dry weight (grams) Percent Soil renoved PFBE /t-DCE /
HFC- 43- 10nmee (45/40115) 21.6951 21.7812 21.7011 93
21.3356 21.4199 21.3423 92 21.8751 21.9413 21.8804
92 Average 92 [0058] The results show efficient
renoval of mneral oil residue fromstainless stee
surfaces by the conpositions of the present
i nvention. EXAMPLE 7 Metal d eaning [0059] Stainless
steel (type 316) 2" x 3" coupons that have been grit
bl asted to provide an unpolished surface are
pre-cl eaned and oven dried to renove any residua
soil. The tare wei ght of each coupon is determined to
0.1 ng. A small anmount of DC 200 Silicone is applied
with a swab, the coupon is then re-weighed to obtain
the "| oaded" weight. The coupon is then cleaned by
imersion into a boiling cleaning conposition for.1
m nute, held in vapor for 30 seconds and then air
dried for 1 mnute. The WO
2007/ 100887PCTM52007/ 005244 24 coupon was then
wei ghed and the percent of soil renpoved is cal cul ated
using the 3 recorded weights. The results are shown
in Table 9. TABLE 9 Conposition (W%  Dry wei ght



(grams) Wt weight (grans) Post Dry weight (grans)
Percent Soil renoved PFBE [_t-DCE / CAF900H3 (40!

48/ 12) 21.1956 212711 21. 1663 99 21.5569 21. 6401
'21.5577 99 21.5467 21.6281 21.5475 99 Average 99
00801 T ffj.cient renoval of silicone

'Eesggh% ?gﬁigféﬁﬁress s'g£ surfaces by the

conposi tions of the present |nvention EXAMPLE 8
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promuﬂe an unpollshed surface are pre-cl eaned and
oven dried to renove any residual soil. Each coupon
is weighed to 4 places to obtain a tare weight. A
s Ire@overing thefsunfane fral thé bompositigpl.i ed with a swab,
the coupon is then weighed to obtain the "l oaded"

wei ght. The coupon is then cl eaned by inmersion into
. a bihd progess|cf akim @ witerpio Sald residbe cohpsasidneil. hel d i n
vapor for 30 seconds and then air dried for 1 m nute.
The coupon is then weighed and the percent of soi
renmoved is cal cul ated using the 3 recorded wei ghts.
The results are shown in Table 10. TABLE 10
Conposition (W% Dry weight (grams) Wet wei ght
(granms) Post Dry weight (grans) Percent Soil renoved
PFBE / t-DCE / CAF9001-13 (40 / 48 / 12) 21.3917

21. 4755 21.3942 97 21..6437 21.7263 21.6462 97
21.1654 21.2411 21.1684



10.

11.

12.

nonafluoro-1

96 Average 97 WO 20071100887PCT1US20071005244 25
[0062] The results show eff4gLient renmoval of mnera
oil residue fromstainless steel surfaces by the
conpositions of the present invention. [0063] The

I eSilel o0 Wr Bk & 'mﬁfé?elﬁ eaRvadigR co?ﬂlﬂrisé@ BRogif Rl
fron1 tainless steel surfaces by the conpositions of
the present invention. 26 CLAIMS) Wat is clained
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about wei ght percent 3,3,4,4

norégkicaor o- 1- hexene, about 20 to about 60 wei ght
percent trans-1, 2-dichl oroethylene, and about 1 to
about 79 wei ght percent HFC-43- 10nee. 27 2.A

pr ddegonipositiet ebeiaing] -furthep cospiiRing arsaeresmtPERRSIAY- a
surface conprising a residue with the conposition of
claim1 and b. recovering the surface fromthe
c orfoadepirope-iike. cnmmq:»rt@oe@mp@ﬁmﬂ lalpyh 120 \alkertel hwsaighpercent
r esi 4ug ORI $BRaMbr 1 hexeS a‘i’)out-rﬂ?to%_rb%?ﬁv)\(@@g%é}f%ééﬂt

érein 'sald residue conprises a rosin
pr draes< , vlickipriethyiensh ane pbow di ta abawti7dceeigd pgreesb B G-
|nq%g{ ted circuit.device. 6. The conposition of

larm I further conprising an aerosol propellant. An
azeotrope i ke conposition conprising about 1 to
abqu r R34, 4,5,5,6,6, 6-

A éngssvﬁ é}%ﬁ egﬁ CBF@E’ ? 20 to about 60 wei ght
percent trans-1, 2-dichl oroethyl ene, and about 1 to
ab%ug?ntgct\ﬁﬁ angﬁfaBS Sr%?r'lsrhg Grédaue- Qb e c%n@o@ﬁie ©PSlaim 7
for” cleani . .cantacting surface
compdi si ng a reS|due mnth the conposition of claim?7
and b. recovering the surface fromthe conposition.

9. The process of claim@8 wherein said residue
corbprecsemr@rthfaBurfacbdrﬁh&@¢mm§§loof claim 8 wherein
sai d residue conprises a rosin flux. 11. The process
of claim8 wherein said surface conprises an

i nflbgmadaeds of ¢laini § wilergit eaid rasidEommwigpeen cilon of
claim7 further conprising an aerosol propellant.

The process of claim 8 wherein said residue comprises a rosin flux.-

The process of claim 8 wherein said surface comprises an integrated circuit

device.

The composition of claim 7 further'comprising an aerosol propellant.



