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The present invention provides new compositiohs comprising
unsaturated fluorinated hydrocarbons. These compositions have utility in
many of the applications formerly served by CFC compounds. The

30  compositions of the present invention possess some or all of the desired

properties of little or no environmental impact, ability to dissolve oils,



unsaturated fluorinated hydrocarbon selected from the group consisting
of: unsaturated fluorinated hydrocarbons having 20 the formula E- or

Wa-RIGIB¥THR2, wherein R1 and R2 are, independently, C1 tBGI@IS2006/042633
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(b) contacting the combination of lubricant-solvent with the surface; and
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reference to the detailed description that hereinafter foIIowF. )
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surface; and _

(c) evaporating the solvent from the surface to form a

fluorolubricant coating on the surface.

In yet another embodiment is a process for removing at least a
portion of water from the surface of a wetted substrate, said process
comprising:

a) contacting the substrate with the compositions of the present

invention further comprising surfactant, and then

b) removing the substrate from contact with said composition.



DETAILED DESCRIPTION OF THE INVENTION Many aspects and
embodiments have been described above and are merely exemplary and
not limiting. After reading this specification, skilled artisans appreciate that
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Further, when an amount, concentration, or other value or parameter is
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defuépiite {winctidinatieeflisoists thereof, and all integers and fractions 25
within the range. It is not intended that the scope of the invention be
limited to the specific values recited when defining a range. In one
embodiment, the present invention provides compounds having the
formula E- or Z-R1CH=CHR2 (Formula 0, wherein Rl and R2 are,
independently, C1 to C6 perfluorgalkyl groups, or Cito C6 30
hydrofluoroalkyl groups. Examplés of Rl and R2 groups include, but are
not limited to, CF3, C2F5, CF2CF2CF3, CF(CF3)2, CF2CF2CF2CF3,
CF(CF3)CF2CF3, CF2CF(CF3)2, C(CF3)3, CF2CF2CF2CF2CF3,
CF2CF2CF(CF3)2, C(CF3)202F5, CF2CF2CF2CF2CF2CF3, CF(CF3)
WO 2007/053672PCT/US2006/042633 CF2CF2C2F5, C(CF3)2CF2C2F5,
CHF2, CH2F, C2HF4, C2H2F3, 02H3F2, C3HF6, i-C3HF6, C3H2F5,
C3I-13F4, C4HF5, C4H3F6, C61-1F10, C61-13F6, or C61-IF12. Where

nocitinnal icaomeare are nnccihle formiilace for hvdrofliinroalley/l Aarorine area



Chemical Name FI1E CF3CH=CHCF3 1,1,1,4,4,4-hexaflu
orobut-2-
1,1,1,4,4,5,5,5-octafluoropent-2-ene e
1,1,1,4,4,5,5,6,6,6-decafluorohex-2-ene
1,1,1,4,5,5,5-heptafluoro-4-(trifluoromethyl)pent-2-ene
1,1,1,2,2,5,5,6,6,6-decafluorohex-3-ene
i i 1,4,4,55,6,6,7,7,7- dodecafluorohept -2-ene
1,4,45,0,6.6 -
CEsCH=CeAILED ESCRIE WWW@QN@%?WE
HCF(CF3)2
C2F 5 EmCAPaET @ﬁ@@mb@d{mﬁmm @ﬁ@GH@S@P@ﬂZ@WV@PQﬁ
FI31E .F22E FE14E
are merely exemplaryand not limiting. After reading this specification,
skilled artisans appreciate that other aspects and embodiments are
possible without departing from the scope of the invention.

Other features and benefits of any one or more of the embodiments will be

apparent from the following detailed description, and from the claims.

Before—-addi‘essing details of embodiments described below, some
terms are defined or clarified.

_ As' used herein, the terms “comprises,” “comprising,” “includes,”
“including,” “has,” “having” or any other variation thereof, are intended to
cover a non-exclusive inclusion. For example, a process, method, article,
or apparatus that comprises a list of elements is not necessarily limited fo
only those elements but may include ot'ner elements not expressly listed or
inherent to such process, method, ar’acie, or apparatus. Further, unless
expresély stated to the contrary, “or” refers to an inclusive or and not to an
exclusive or. For example; a condition AorB is satisfied by any one of the
following: A s true (or present) and B is false (or not present), A is false
(or not present) and B is true (or present), and both A and B are true {(or
present).

Also, use of “a” or “an” are employed to describe elements and
components described herein. This is done merely for convenience and fo
give a general sense of the scope of the invention. This description
should be read to include one or at least one and the singular also

includes the plural unless it is obvious that it is_meant otherwise.
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F14iE F14sk CF3CH=CHCF(CF3)- C2F5
1,1,1,4,5,5,6,6,6-nonfluoro-4-(triffluoromethyl)hex-2-ene _
whlidbHdhexafluoro-4,4-bis(trifluoromethyl)pent-2-ene PCT/US2006/042633

117722 R R eSS o R eackagentiic ems used
1,1 hetelrbinectiia s@Bcanetningoad voraasbilyenrderstood by one of
e T e N e
CF 30 A GHR)diGHa T 8GivalEhiGh BdseeéerBiH hétin E28BE used
SF | 51% the practice or testing of embodiments of the present invention, suitable
methods and materials are described below. All publications, patent
applications, patents_, and other references mentioned herein are |
incorporated by reference in their entirety, uniess a particular passage is
cited. In case of conflict, the present specification, including definitions,
10 will control. In addition, the materials, methods, and examples are
iftustrative only and not intended to be limiting.
Applicants specifically incorporate the entire content of all cited
references in this disclosure. Applicants also incorporate by reference the
co-owned Provisional applications 60/732,396, filed Noyember 1, 2005,
15 60/732,090, filed November 1, 2005, 80/732,292, filed November 1, 2005
and 60/732,581, filed November 1, 2005. _
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
20  specifically disclosing all ranges formed from any pair of any upper range
limit or preferred vaiue and any lower range limit or preferred value,
regardiess of wh‘ether 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
25 within the range. 1t is not intended that the scope of the invention be
limited to the specific values recited when defining a range.
in one embodiment, the present invention provides compounds
having the formula F- or Z-R'CH=CHR? (Formula ), wherein R' and R? .
are, independently, Cy to Cgs perfluoroalkyl groups, or C4 to Cs
30  hydrofluoroalky! groups. Examples of R" and R? groups include, but are
not limited to, CFa, CaFs CF2CFoCF3, CF(CF3)a, CF2CF2CF2CFa,
CF(CF3)CFaCF3s, CFCF(CF3)z, C(CFa)s, CF,CF,CF,CF2CF3,
CF,CF,CF(CF3)s, C(CFS)QCQFS, CFgCFgCcmcmFgoF;;, CF(CF3)



F15iE F15tE CF3CH=CH- C(CF3)2C2F5
1,1,1,5,5,6,6,6-octafluoro-4,4-bis(trifluoromethylThex-2-ene F24E

W?%&fg%gég;éCGFg)?%ZB C2F5(CSIH=CHCF2CF- (CF3)2 POT/US2006/042633
,1,1,2,2,5,5,6,6,7,7,8,8,8-tetradecafluOrooct-3-e
1t e Gl E EnaCEatabie G e e EaEe

F 245 fH E2RRGHFCIAQRIEE V3@ AR5C HF,, CaHaFs, CsHF 1o, CsHaFe, or
1,1,1,2,2,5,6 6,7,7,7-unéecafll3jorof5-(tdfiﬂu?)’ror%_?;gl hgig_t-“-)é?g e o
ofrgHias for

1.18sb 515 ) sEeaRaBHRE2 BREMBGISRATS
LRI RS e rntliepostora
5 isomers. Thatis to say, CoHF4 is intended 1o convey both ~CHFCF3 and -
CF,CHF2 groups for exémple. In one embodiment, specific examples of
hydrofluoroatkyl groups include without limitation -CHF2, -CHoF, -
CFoCHF3, -CHFCF3, -CHoCHF,, -CF2CHj3, -CHCF3, -CHRCF,CHF,, -

CF,CHFCF3, -CF2CFaCF2CHs, -CH(CF,);CHF2. Exemplary, non-limiting

10 Formuia | compounds are presented in Table 1.

TABLE1
Code Structure Chemical Name
F11E CFaCH=CHCE, 1,1,1,4.4 4-hexafluorobut-2-ene
F12E CF:CH=CHC,F; 1,1,1,4.4,58,5 5-octafluoropent-2-ene
F13E CFaCH=CHCF,C,F5 1.1,1,4.4,5,56,8 6-decafluorohex-2-ene
F13iE CFsCH=CHCF(CF3), 1,1.1.,4,5,5, 5-heptafiuoro-4-(triflucromethyl}pent-2-ene
F22E CoFsCH=CHCFg 1,1,1,2,2,5,5 6,6, 6-decafluorchex-3-ene
F14E CFsCH=CH{CF2);CF3 11,1,4,4,55,6,6,7,7,7-dodecaflucrohept-2-ene
F14iE CF3CH(:CC[):ESCFZCF— 1,1,1,4,4,5,8,6 6-nonafluoro-5-(triflucromethylhex-2-ene
2
Frasg | CPeCH=CHOR(CRo) 1,1,1,4.5,5,6,6,6-nonfluoro-4-(ifluoromethyhhex-2-ene
215 .
F14E CF:CH=CHC{CF3)s 1.1,1,5,5,6-hexafluoro-4 4-bis(trifluoromethylipent-2-ene
F23E CoFsCH=CHCFCoF 5 1,1,1,2,2,5,5,6,8,7,7, 7-dodecafluorchept-3-ene
F23E CoFsCH=CHOF(CF3)2 1.14,1 ,2,2,5,6,6.,6-nonaﬂuoro—S—(triﬂuoromethyl)hex~3~ene
F18E CF3CH=CH(CF,)4,CF3 1,1,14,4,5,5,6,6,7,7,8,8,8-tetradecafluorooct-2-ene
: CFyCH=CH- : e o
Fi5iE CF,CF2CF(CFa)s 1,1,1,4,4,5,5,6,7,7,7-undecafluoro-6 {trifluoromethylihept 2. ene
FASKE- CPsCH=CH- 1.4.1,5.5.6,8,6-octafluoro-4,4-vis(tifluoromethyhhex-2-ene
A C(CF3).Cal s
F24E CoFsCH=CH{CF3):CFa__ 1,1,12.2,5,586,87,7.8,8, 8tetradecafluorooct-3-ene
. CoFsCH=CHCFCF- . ~
F24iE (CFa) 1,11 ,2,2,5,5,6,7,7,7-undecaﬂuoro%—(trzﬁu0romethy1)hept~3-ene
” :
Fasg | CorsCHOHOFCRI- 14,1,4.2.25,6,6.7.7,7-undecafiuoro-5-(rfluoromethyDhept-3-cne
F24E C.FsCH=CHC{CF3)3 1.1,14,2,2.6,6,6-octafluoro-5, 5-bis(triflucromethylhex-3-ene
F33E CoFsCFCH=CH- 1,1,1,2,2,3,3,6,6,7,7,8,8,8-tetradecaflucrooct-4-ene
CFoCoF5
Faigie | (CTRCEECr 1,1,,2,5,6,6,6-octafluioro-2 5-bis(trifluoromethyDhex-3-ene -
F33iE CZF%"FF(ZCCFI:T CH- 1,1,1,2,5,5,6,6,7,7, 7-undecafluoro-2-{trifiuoromethyljhept-3-ene
2
Fi8E CF,CH=CH{CF,)sCF3 1.1,144,5586,8,778,8, 99 8-hexadecafluoronon-2-ene
CFaCH=CHCF(CFa)- 1. 1,1 ,4,5,5,6,6,7,7,8,8,8-trideoaﬁucroA«(triﬂuoromethy[)hept—2~
F1osk
) (CFg)zost ene
F16tE CF?'C}émFng%(SC Fa)or 1,1,1,6,8,6-octafluoro-4,4-bis(trifluoremethyl)hept-2-ene
F25E 11,1,2.2.556,6,7.7,8,8,9,8,9-hexadecafluoronon-3-ene

Cs F50H=CHE F2)4CF3




F3i3iE (CF3)2CFCH=CH- CF(CF3)2
1,1,1,2,5,6,6,6-octafluoro-2,5-bis(trifluoromethyl)hex-3-ene F33iE C F CF

WoHsGHs3282 CF(CF3)2 PCT/U82096/042633
L LTSS B pttecupa a-uluorongyhe =
@ﬁlﬁ C&i‘f"é@% NBGE3,CFACH= é.";?é '?‘ &E@m L2 (’tnﬂ'uoromethyl}oct 3

_ %%‘%,4 4,5,868H5C8,8"9,9]|9- hetxag,gg@@[mpr,mﬁaaﬁuema,s -bis(triftuoromethyhept-3-

455 @@5’3&@ 8-tridecafluoro-4-(trifluorOmethyédeept-2- ene F16sE
";Eﬂf‘@Eppr 3)21CF3G2FH; 3 36,8,7 ,7,8,8,9,9,9-hexadecafluoronon-4-ene
171159507 £5 £21e
i ‘iﬁﬂ,Z,Z,E{ & jix ﬁmr dngf‘?‘gsdecazgﬁgtﬁ trifluoromethyl)oct-4-
FfaE” *H@WMHJ 1,1,1,2.2,3 3.6,7,7,8,8,8-tridecafluoro--{trifiuoromethyl)oci-4-

CF{CF3)CaFs B ene
E34iE CoFsCF,CH=CH- 1,1.1,5,5,6,6,7,7, 7-decaflucro-2,2- b;s(tnﬁuoromethyl)hept-3~
C{CF3)s ene
F3i4E {CF3),CFCH=CH- 1,1,1,2,5, 5 6,6,7,7,8,8,8-tridecafluoro-2(trifluoromethyloct-3-
(CF2)sCFa ene
E3iiE {CF4},CFCH=CH- 1,1,1,2,5,5,8,7,7,7-decafluoro-2,6-big{trifluoromethylihept-3-
CFZCF(CFs)z ene
FaidsE | - (CF3)},CFCH=CH- 1,1,1,2,6,6,6,7,7,7-decafiucro-2,5-bis(trifluoromethyiyhept-3-
CF(CFR)}CsFs ' ene
F3i4tE (CFS)(-’-)C(;&%"S‘“CH" 1,1,1,2,6,6 6-heptafiuoro-2,5,5-ris(triffuoromethyl)hex-3-ene
F26E | C,FsCH=CH(CF.)sCFs | 1,1,1,2,2,6,5,6,6,7,7,8,8.9,9,10,10,10-octadecafluorodec-3-ene
FoBSE CoFsCH=CHCF(CF,)- 1,1,1 2,2.5,6,6,7,7,8,8,9,9,0-pentadecafiuoro-5-
{CF23Caobs (trlﬁuoromethy!)non-S»ene
EO6E CoF;CH=CHC{(CF3),~ 1,1,1,2,26,6,77,8,8, 8-dodecafiuoro-5,5- b;s(tnﬁuoromethyl)oct—
CFE.CoFy 3-ene
Fa35E Cfggg:gg;f"'“ 11,1,2.2,3.3,6,6,7,7,8,8,9,9,10,10,10-octadecafluorodec-4-ene
F35iE C,isCF;CH=CH- 1,1,1,2,2,3,3,6,6,7,7,8,9,8,9-pentadecafiuoro-8-
CF.CECFCFs), (trifluoromethyhnon-4-ene
ERSIE C,FsCFCH=CH- 1,1,1,2,2,3,3,7,7,8, 8 8-dodecaflucro-6,6-bis(trifiuoromethyljoct-
C{CF3),CsF5 4-ene
Eai5E (CF3);,CFCH=CH- 1,114 ,2,5,5,6,6,7,7,8,8,9,9,9—pentadecaﬂuoro-2-
{CF)4CF3. (trifluoromethylinon-3-ene
F3i5iE {CF3),CFCH=CH- 1,1,1,2,5,5,6,6,7,8,8 8-dodecafluore-2,7-bis(iriflucromethyhoct-
CFCF.CF{CF3)s 3-ene
E3i5tE (CF3),CFCH=CH- 11,1 ,2,6_,6,7,7,7~nonaﬂuoro—2,5,B-trls(tr:ﬂuoromethyI)hept—S—
~_C{CF4)oCoFs ene
F44E CF?»((%;E))B%';”CH" 11,1,2,2,3,3.4,47,7,8,8,9,9,10,10,10-octadscafluorodec-5-ene
2/3 3
Fa4iE CFa(CF,)sCH=CH- 1,1,1,2,3,3,6,6,7,7,8,8,9,9,9-pentadecafluoro-2-
CF.CF(CF3), (tnﬂuoromethyi)non-4 ene
Fa4sE CF3(CF,)sCH=CH- 1.1,1,2,2,3,6,6,7,7,8,8,9,9,8-pentadecaflioro-3-
_ CH{CF)CoFs , (’cr:fiuoromethy!)non% ~&Ne
FA4tE CF3(CF7):CH=CH- 11,1.5,6686,7,7 8 .8,8-dodecafluoro-2,2,-bis{trifluoromethyljoct-
C{CFs)s 3-ene
FaidiE (CF3),CFCF,CH=CH- | 1,1,1,2,3,3,6,6,7.8,8,8-dodecafluoro-2,7-bis(iriflucromethyljoct-
CF.CF(CFa), 4-gne
FAidsE (CFa)CFCF.CH=CH- ; 1,1,1,2,3,3,6,7,7.8,8,8-dodecafluoro-2,6-bis(triffucromethyloct-
CH{CFa)Caf5 4-ene :
5': LAE (CF3).CFCFCH=CH- 1,1,1,6,5,6,7,7, 7-nonafiuoro-2,2,8-tris(trifluoromethyljhept-3-
C(CF3)a eng
FasasE CoFFsCF(CF3)CH=CH- 1,1,1,2,2,3,6,7,7,8,8,8-dodecafluore-3,6-bis(irifiuoromethyl)oct-
CF{CF3)CsFs 4-ghe
EASALE C.F:CF(CF3)CH=CH- 1,1,1,5,6,8,7,7, 7-nonafiuoro-2,2,5-tris(trifluoromethylhept-3-
C{CEs)s ehe
FALAE (CF3)3CCH=CH- 1,1,1,8,6,8-hexafluoro-2,2,5, 5-tetrakis(triflucromethylhex-3-
C{CFa)a ene -




WO 2007/053672PCT/US2006/042633 F251E C2F5CH=CH-
CF2CF2CF(CF3)2
: ,6,6,7,8,8,8-tridecafluoro-7-(trifluoromethyl)oct-3- K

“@%@éﬁ’é‘%ﬁ C(CF3)202F5 Ao 2653

111,1,2,2,816 M2, prabedierd. 5enisinkisond Metyhbpi=3- m prpsred by

C2F =CH- il 5 wi

T s e B HaBat indde ot e formula Rl witha

c2rueflegrakyticydopiERd)bthe formula R2CH=CHa to form a

gﬁ@g@@ﬁ@#@@(@ﬂ%ﬁ@% Gitiuorerativngek ArhiRs F34sE
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 C2RRGHALERRH 1 & oRr embodiment, the olefin R'CH=CHR2 may be
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prepared by dehydroiodination of a trihydrolodeperflucroalkane of the
formula R'CHICH,R? formed in turn by reacting a perfluoroalkyl iodide of
the formula R?l with a perfluoroalkyitrihydroolefin of the formula
R'CH=CH,.

in one embodiment, said contacting of a perfluoroalky! iodide with a
perfluoroalkyltrihydroolefin 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 products at reaction
temperature. Suifable reaction vessels inci.ude those fabricated from
stainiess steels, in particular of the austenitic type, and the well-known
high nicke! alloys such as Monel® nickel-copper alloys, Hastelloy® nickel
based alloys and inconel® nickel-chromium alloys.

In another embodiment, the reaction may take be conducted in
semi-batch mode in which the perfluoroalkyltrihydroolefin reactant is
added to the perfluoroalkyl iodide reactant by means of a sug’table addition
apparatus such as a pump at the reaction temperature. | |

In one embodiment, the ratio of perfluoroalkyi iodide to

A perfiuoroalkyltrinydroclefin is between about 1:1 to about 4:1. In another

embodiment, the ratio of perfluoroalky! iodide to
perfluoroalkyltrinydroolefin is between from about 1.5:1 {0 2.5:1. Ratios
less than 1.5:1 tend to resuit in targe amounis of the 2:1 adduct as
reported hy Jeanneaux, et. al. in Journal of Fluorine Chemistry, Vol. 4,
pages 261-270 (1974).

In one embodiment, the femperature for contacting of said
perfluoroalkyl iodide with said perfluoroalkylirihydroolefin is within the
range of about 150°C {o about 300°C. In another embodiment, the
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1,1,1,5,5,6,6,7,7,7-decafluoro-2,2-bis(trifluoromethyl)hept-3- ens F3i4E
(CF3)2CFCH=CH- (CF2)3CF3

g,,gs§6§26,6,7,7,8,8,8-tridecaf|uoro-2(trif|uoromethyt)oct-?)-@g@m“ﬂﬁ

CF3)2CFCH=CH- CF2CF(CF3)2
1,1 e2E5a8iveny fuvannevs -6 Wistaiabowb AR (b Hepy s anwirsidsE

S AR 5 o abost L0 0. 20U 238 e

(1C1F3)2Cle-dm@lénﬁb(@E@@1t the contact time for the reaction of the
6,6.6 t
k%eép aé@% %‘I t’hetgse 'é'é*r%“ff?;}?t Ws) hreo)& naes%gc?r% about 0.5
5 é 21 licﬁ:% 618,75 80843 9 st R oetastediafient other etz FRGeHs from
F F2)202F5
1, 13%@&&3635&#@%@@ ientadecafluoro-5- (trlﬂuoromethy9non -3-ene
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in yet another embodiment, the contacting of a peflucroalkyliodide
with a perfluoroalkylirinydroolefin takes place in the presence of a catalyst.
In one embodiment, a suitable catalyst is a Group Vill transition metal
complex. Representative Group VIl transition metal complexes include,
without limitation, zero valent NiL4 complexes, wherein the igand, L, can
be a phosphine ligand, a phosphite ligand, a cérbonyl ligand, an isonitrile
ligand, an alkene ligand, or a combination thereof. [n one such
embodiment, the Ni(0)Ls compiex is 2 NiL2(CO)2 complex. In one
parﬁcula}' embodiment, the Group VIl transition metal complex is
bis(triphenyl phospine)nickel(0) dicarbonyl. in one embodiment, the ratio
of perfluoroalky! iodide to perﬂuoroalkyltrihydrodleﬁn is between about 3:1
to about 8:1. inone émbédiment, the temperature for contacting of said
perflucroalky! iodide with said perfluoroalkyltrihydroolefin 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 90°C to about 120°C.

In one embodiment, the contact time for the reaction of the
perﬂubroalkyt iodide with the perfluoroalkyltrihydroolefin in the presence of -
a catalyst is from about 0.5 hour to about 18 hours. [n another
embodiment, the contact time is from about 4 fo about 12 hours.

In one embodiment, the trihydroiodoperfluoroalkane prepared by
reaction of the perfluoroalkyl iodide with the perfluoroalkyltrihydroolefin
may be used directly in the dehydroiodination step. In another
embodiment, the trihydroperfluorocalkane is recovered and purified by
distillation prior to the dehydroiodination step. |

In one embodiment, the dehydroiodination step is carried out by
contacting the trihydroiodoperfluoroalkane with a basic substance. In one
embodiment, basic substances include alkali metal hydroxides (e.g.,



F26tE C2F5CH=CHC(CF3)2- CF2C2F5
1,1,1,2,2,6,6,7,7,8,8,8-dodecafluoro-5,5-bis(trifluoromethyl)oct- 3-ens

F35E C2F5CF2CH=CH- (CF2).4CF3
PCT/US006/642633
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figfﬁmsw*@%%(ﬁrﬁﬂﬁdmmde), alkali metal oxide (for
s S e R Sa Ry hgiauBe e

1,1_Waraﬁdéi,51!868r&@mﬂ&cm&mﬂmﬁi@ebiﬁtgﬂmhnineﬂwxi@e); alglsmetal
F3i5F (CE3)2CFCH=CH- (CF2)4CF3 ; .
11 516 s PEBIOHIR el ERKA YRS 3 ene
E?é@@ﬁ@?&ﬂlﬁ?@ﬂﬁ@@ﬁﬁ%ﬁ@@ﬁ@ic substances such as soda
’ iflrhe'. ’ ﬁ6a’gb7th8ér8 & %%?r%aefz!l%?{ﬁézbgsglcs orome iy Raft P Soxide o
patassium hydroxide. :
in one embodiment, contacting of the trihydroiodoperfluoroalkane
with a basic substance may take place in the liquid phase. In another
embodiment, the contacting in the liquid phase further takes place in the
presence of a solvent capable of dissolving at least a portion of both
reactants. In one embodiment, solvents suitable for the dehydroiodination
step include one or more polar organic soivents-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), dimethyl sulfoxide, N,N-dimethylformamide,
N,N-dimethylacetamide, or sulfolane. in one embodiment, the solventis
‘chosen based on the boiling point of the product and the ease of
- separation of fraces of the solvent from the product during purification. in
one embodiment, ethanol or isopropanol are good soivents for the
reaction.
1In one embodiment, the dehydroiodination reaction is carried out by
addition of one of the reactants (either the basic substance or the
trinydroiodoperfluoroalkane) to the other reactant in a suiteble reaction
vessel. Said reaction vessel may be fabricated from glass, ceramic, of
metal and is preferably agitated with an impeller or stirring mechanism.
In one embodiment, the temperature for the dehydroiodination
reaction is from about 10°C to about 100°C. In another embodiment, the
_ temperature for the dehydroicdination reaction is from about 20°C to about
70°C. In one embodiment, the dehydroiodination reaction is carried out at
ambient pressure. In another embodiment, the dehydroiodination reaction
is carried out at reduced or elevated pressure. Inone embodiment of the



F3i5tE (CF3)2CFCH=CH- C(CF3)2C2F5
1,1,1,2,6,6,7,7,7-nonafluoro-2,5,5-tris(trifluorornethyphept-3- ens F44E
W%@@g&;ﬁzcw 314,.,,c?.,rn."..1-213,..,3 PCT/US2006/042633
,1,1,2,2,3,3,4,4,7,7,8,8,9,9,10,10,10-octadecafluorodec-5-ene F44iE
craerydieiivation reastianthpcompound of Formuta Tis Jistilied out of
1,1, 12 3:38i61 ves:81%8 P iBaBtagegafluoro-2- (trifluoromethyl)non-4-ene
F44skE CF3(CF2)3CH=CH- CF(CF3)C2F5 o .
1,1,1,2_,2,3!6,%&1@*:9,51@9&5@%%%& AabrriqeRBirtheRRipomaraR
FAALE, CA3ed BiBedTscing daFatdeous solution of said basic substance with
1,1,1,5,5,6,6,7,7,8,8,8-dodecafluoro-2,2,-bis(tdfluoromethy)oct- 3-ens.
$4i@@®ﬂ@?@ﬁb¢f@¥gm®ﬁ§@ﬁ@¢%@“e in one ormore organic
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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, chloroform, carbon tetrachloride, or
perchloroethylene), or ether (e.g., diethyi ether, methyl tert-butyl ether,
tetrahydrofuran, 2-methyl tetrahydrofuran, dioxane, dimethoxyethane,
diglyme, or tetraglyme) in the presence of a phase transfer catalyst. In
one such embodiment; the phase transfer catélyst includes quaternary
ammonium halides (e.q., tetrabutylammonium bromide,

'tetrabutyiammonium hydrosulfate, triethylbenzylammonium chioride,

dodecylirimethylammonium chioride, and tricaptylylmethylammonium
chldride), quaternary phosphonium halides (e.g.,
triphenylmethylphosphonium bromide and tetraphenylphosphonium
chloride), or cyclic polyether compounds known in the art as crown ethers
(e.g., 18-crown-6 and 15-crown-5).

In yet another embodiment, the dehydroiodination reaction is
conducted in the absence of solvent by adding the .
trihydroiodoperfluoroalkane to a solid or liquid basic substance.

In one embodiment, the reaction time for the dehydroiodination
reactions are from about 15 minutes to about six hours or more depending
on the solubility of the reactants. In another embodiment, the
dehydroiodination reaction requires from about 30 minutes to about three
hours for completion.

[n ane embodiment, the compound of formula | is recovered from
the dehydroiodination reaction mixture by phase separation after addition
of water. In another embodiment, the compound of formula | is recovered
from the dehydroiodination reaction mixture by distillation. In yet another
embodiment, the compound of formula 1 is recovered from the

10



1,1,1,2,3,3,6,6,7,8,8,8-dodecafluoro-2, 7-bis(trifluoromethyhoct- 4-ens

F4i4skE (CF3)2CFCF2CH=CH- CF(CF3)C2F5

1,1,1,2,3,3,6,7,7,8,8,8-dodecafluoro-2,6-bis(trifluoromethyl)oc;:-4- 3
WQ&%E“E@H&)ZCFCFZCH=CH- C(OF3)3 FiFRR0cns263

1,1, sty gigrinabioafieadion itz ériflarcorabipjtiopt & phase 4efsFation

izll,:gg%,g@%@%@gg?d%géﬁg%o%@%%is(trifluoromethyl)éct- 4-ene

F4s4tE C2h30m¢GRBhodimeatthe(@fai@sitions of the present invention may

crtesed B LR
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comprise a combination of compounds of Formula 1.

Many of the compounds of Formula | exist as different

configurational isomers or sterecisomers. When the specific isomer is not

designated, the present invention is intended to inciude all single

10 configurational isomers, single sterecisomers, or any combination thereof.

For instance, F11E is meant to represent the E-isomer, Z-isomer, or any

combination or mixture of botlrisomers in any ratio. Another example is

F33E, by which is represented the E-isomer, Z-isomer, or any combination

* or mixture of both isomers in any ratio.

153 In addition {o the inventive compounds described above,

unsaturated fluorinated hydrocarbons presented in Table 2 can be used as

cleaning compositions, or also as cleaning agents, for cleaning surfaces or

substrates.
TABLE 2
Code Structure Chemical Name

HFC-1447fzy

E (CFg)gCFCH=CH2

3,44 d-tetrafluoro-3-
{trifluoromethyl)-1-butene

-HFC-144714z

CF-CF,CE,CH=CH,

3,3,4,4,5,5,5-heptafluoro-1-
peniene :

HFC-1447fycc

CHE':CFCFECI:zCHFg

2.3,3,4,4,5 5-heptafluoro-1-
pentens o

HFC-1447czef

CFz=CHCF,CH:CFg

1,1,3,3,5,5,5-heptafluoro-1-
pentene

HFC-1447mytm

CFsCF=C(CF3)(CHa)

1,1,1,2,4,4 4-hepiafivoro-3-
methyl-2-butene

HFC-1447fyz

CHZ""“CFCH(CF:g)z

2,44 4-tetraflucro-3-
{trifluoromethyl-1-buiene

HFC-1447ezz

CHF=CHCH(CF3)2

1,4.4,4-tetraftuoro-3-
{trifluoromethyl}-1-butene

HFC-1447qzt

CHoFCH=C(CF3)

1,4,4 44tetrafiuoro-3-
(trifluoremethyl-2-butene

HFC-1447syt

CHaCF=C{CF3)2

2,44 4-tetrafluoro-3-
(trifluoromethyl-2-butene

HFC-1456szt

(CF3}2030HCH3

3-{irifluoromethyh)-4,4,4-irifluoro-
2-butene

HEC-1456peyy

CHFCF,CF=CFCHs

2,3,4,4 5 5-hexafluoro-2-pentens

HFC-1456szy

CFgc FQCF=CHCH3

3,4,4,5,5,5-hexafluoro-2-pentene

HFC-1456mstz

CFgC(CHa):'-CHCFa

1,1,1,4,4 4-hexafluoro-2-mathyl-2-
butene

11




In one embodiment, compounds of Formula | may be prepared by
contacting a perfluoroalky! iodide of the formula R11 with a
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least-agrasign of both re@HgrischtengrarRhodiment,
the dehydroiodination step include one or more polar; angtyic2 ebeenats

st 43 Beshols (e.g., e9anal, ethanol, n-propanol, Isbfroparnd;

hufanolisobutanoh-4 - ﬁ%ﬂ J/%E%@?m%%ﬁwﬂéﬂ_ one
)roﬁloniTFi’;Ies,{ butyronitri ecfyﬁghz&tr?ﬁﬁ%ﬁ,%rzad?g Aitrile), g@igﬂ@g'@%

N-dimethylformamide, N,N-dimethyfacetamide, or sulforane. trione

embodimenty, e SANEIH IR HRASE hopseR ondie Al BiQ%BH%%}EEaHy or may

product and the ease of separation of traces of the solvent from the
prodBRIBRAEEERYi BAREESHED R dm Bl mrbat, asrdersrdiaddiptianol

are good sQlvgRts éﬂﬁﬁB@iFﬁéﬁEQﬂeaninE{‘ QR sERRsinesh hgrise a single

dehydroiodination reaction is carried out by addition of one-of t

PeactANEP piBckAeiskRifos marme. i thellengdrih RispB AT RITmEmRent,
to th@:@éhﬁfg%ﬁﬁ%éﬂi@@#@@%ﬁ%@a’-é&ﬁ%ﬁﬁ{aﬁémdpé&ﬁmﬁﬁ_a%eﬂrom |

may _be fabricated from glass, ceramic, or metal and is preferably agitated

with 5R0iR gellt ¥eisanataenerhadinent, claasiec:rasoBRRlionsHaay comprise
tempesaMEHaf SR RRYRHIGNIRANOM TPABIOD isrfHoAMaRAYhERS ds of

-100C. In another embodiment, the temperature for the dehydroiodination
reactiBAM&*Bdm about 20C to about 30 70C. In one.embodiment, the

1glehydroiodinatigrbfenstisiip SandsdrPvhBleaMBigst Qéeéﬁféft%dﬂﬁt\@g@ﬂ'aﬁona[
ucea or )

embodiment, the dehydroiodination reaction is carried out at red

el evﬁ@@?{%&é&@rﬁ?moﬁfﬁ%ﬂ@ fhgcific isomer is not designated, the
WO 20e5#nbAfvEHtion d FREREA RSB Ida BN aindiraBengardishtiasomers,

com ,oupd ?f Formula | is distilled out of the-reaction vessel as it is
TRiBge s

formats ?ﬁeé’r\%?ﬂé?rénﬂfo%‘% SRR Hhelsaiatioh Rtenss:may
be cBAMGEAS, 6onthelingraR aameaus (SIFaa% 98sad RagieswbsiaBeresent

1§N ithihe E-isomer, Z-isomer, or any combination or mixture of both isomers in -
any ratio. Another example is 1,1,1,2,2,4,5,5,6,6,7,7,7-tridecafiuoro-3-
heptene (HFC-162-13mczy), by which is represented the E-isomer, Z-
Isomer, or any combination or mixture of both isomers in any ratio.

In addition to the inventive compounds described above, the
20 bromine-containing unsaturated fiuorinated hydrocarbons presented in
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5a solution of the trihydroiodoperfluoroalkane in one or more organic
solvents of lower polarity such as an alkane (e.g., hexane, heptane, or

W(gﬁ@@ﬁasgrﬁmatlc hydrocarbon (e.g., toluene), halogenated hysli@aaiRRg 42633
_(e.g., methylene chloride, chloroform, carbon tetrachloride, or

 perciBRbethprmbs grethas magningegremsitions dey daaping setfaeesmor
tetrapygegfuran, 2-methyl tetrahydrofuran, dioxane, dimethoxyethane,
diglyme, or tetraglyme) in the presence of a phase transfer catalyst. In one
such embodiment the phase transfer E&BlEtIncludes quaternary
mmoniam tiatides(e7g:, traDUIylammonlum Dromloe
tL&gggﬁgagmmgm..m hydrostish j =
daigegiromahylammonium slmorndm aemmamr@fbﬁmaéhylammomum
dhipgelogyatemary phospRanim haies G opene

nenytmethytphosphoni romde and LEUdpnenylpnospnonlum
felar IEQBFQF‘P\/PJJP polyethercd M Rds KABY ARG

E@F%Wp -6 and 15 -C mmeﬁhzalm-yﬂn@n_ﬂWnembodlment the

q %‘yﬁ[@g}gﬁl‘&lon I’eaCtIOI’lrlé gpd;%lqtgg ﬂ‘lH&?oB‘BBSR@e of solvent by

d oalng mne LrlnyorOIoooper uoroaikarie to a SOII(] or IICIUI(] DaSIC suosrance

meHBam:labByt 15 mlnutestcb mﬁammwsmrﬂmm dependlng 25(;rv1 .the

%ppﬂggr@;:the reactants. Inz%lgmoegg@mgm%%égg dehydroiodination

Ed(..lIUll requneb IIUHI dUUU[ SU MInutes [O apout Inree nours Tor
rFr i

| opeeehy droiodination| reantinn mislaret phasspsaparation after
‘@E?—’bfi}e}pf water. In anctl?ewe“m 8%%%% ;g&gegé)mpound of formula | is

(:‘(.,()V(:‘TEU fromrthe uenyur J10ammmaton reacuon MIXTUTE DY | OIS[IIIaIIOH n

Oy —h M =S (N .0

A@QB@H@S@&ZZPCT/US: -Gﬁ?dd&ﬁﬂy@lfﬂmﬂhaat+&ﬁtdmctlon mlxture
.3, compination of phase separafion after adsifionqf iater and

IStIAUOTT. T one enlU( aimmernt, the ComPOSHlU”S or [ne pl’esen[
GkhﬁGnHGagrgghmnncp ad .%ﬂ&ma&ﬂ&ﬁwﬁ Fﬁﬂﬁ?fﬁ‘ﬁll

)fdhﬁ)ﬁreomu nds in Tab @brdﬁa@ﬂﬂthﬁr@nbﬁﬁbmmpmmamposmons
nay, compiize-a combination gf componnds GLBaLE | Many of the

ompounus of Formuta existas amerent.connuratlonal [SOMers or

4 2eDIEIN0. -r QF3-4r8
ngERa@Fisimitended to inc uderaﬂcsmgmtﬂf@smmmguﬁtammathgbmpsne
bipgle slareaisorpers, or any,qombinalion INSESOE FOLNSIANCRfrlik IS

eantto represent the E- |~ Omer /- |Somer or any Comblnatlon Or mixture
QHEs P ¥aainl fau] &.ej' Ktk

cpFeseRedrne E-isomer, ZBI—Smmer;l olﬁammmambutﬁmomdmmmuee of both

£

rn -

ISRMSLTIAEAY, 0. 15N gddiign o he Jnveatiyecpmpoupdsdescribed

ﬂ,gé@""vem“”Sa‘q‘;i%a;ei““f,flﬂf A ket R

{ mp g og oo sio iy

s faceBCr.Stbsades. TAIBE—Eranﬁ}Gd@.Sf@Lﬁ:h@Feﬂuommi~pentene
(CF3),CFCBr=CH, 2-bromo-3,4,4 4-tetrafluoro-3-{trifluoromethyl)-1 -butehe
CF=C(CH.BrCF, 2-{bromomethyi}-1,1,3,3,3-pentafluoropropene
CH=C(CBIFICFs 2-(bromodifiuoromethy)-3,3,3-rifluoropropeng
{CF3),CHCH=CHBr © 1 1-bromo-4,4,4-trifluoro-3-(trifluoromethyi)-1-butene
{CF5):C=CHCH.Br 4-promo-1,1,1-trifluoro-2-{frifiucromethyh-2-butene
CH,=CHCF{CF4)CBIF, 3~(bromodiﬂuoromethy!)-3,4,4,4-tetr_aﬂuoro~'f—butene
CF;CF.CF.CBr=CH- 2-bromg-3.3,4.4,5.5 5-heptafivoro-1-pentens
CF3(CF2):CBr=CH, 2-bromo-3,3,4,4,5,5,6,6,6-nonaflucro-1-hexene
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Chemical Name HFC-14471zy (CF3)2CFCH=CH?2 3,4,44-tetrafluoro-3-
(trifluoromethyD-1-butene 3,3,4,4,5,5,5-heptafluoro-1- pentene

WgF@@%@%CFBCFZCFZCH:CHZ HFC-1447fycc CH2=CFCEREhefetdfdze33
‘ % 4,4.5,5-heptafluoro-1- pentene HFC-1447czcf CF2=CHCF2CH2CF3

1,1,3,3,5,5,5-heptatluoro-1- pentene HFC-1447mytm

e s e

(trifl b prregragdd by e sség khtetraflutive -3t (trifluoromethy0-1-butene

T O

HF Ctirp7etep Cofualie€ HEQIFRIRgHFD- tepctipn cHIREph@ (@B 3)ibromide
HFCAM YR GEmERubR% Bt edafe 4- bromo-1,1,1,2,2-
pentafluorobutane. Thermal bromination of 4- bromo-1,1,1,2,2-
pentafiuorobutane at 350-400°C gives 4,4-dibromo-1,1,1,2,2-
pentafluorobutane, which may in turn be heated with powdered potassium
10 hydroxide fo give the desired brémobutene. |
2~Brom0-3,4,4,4-tetraﬂuoro—3—(triflﬁor0methyl)—1ubutene may be
- prepared by addition of bromine to 3,4,4-tetrafluoro-3-(trifluoromethyl)-1-
butene followed by treatment of the resulting dibromide with ethanalic
. potassium hydroxide.
15 In addition to the inventive compounds described above, the
chlorine-containing unsaturated fluorinated hydrocarbons presented in

Table 4 can be used as cleaning compositions for cleaning surfaces or

substrates.

TABLE 4
Structure _ ' Chemical Names .
CHCI=CFCCIF» 1,3-dichlore-2,3, 3-trifluoro-1-propens
CHCI=CCICF, 1,2-dichloro-3,3,3-trifluoro-1-propene
CHCI=CHCH.F 1-chloro-3-fluorc-1-propene
CHCI=CFCH, 1-chloro-2-fluoro-1-propene
CH,=CCICHJF 2—chlaro-3-ﬂu0ro—1«propene
CHF=CCICH; 2-chloro-1-fluoro~-1-propene
CH.=CCICCIF, 2,3-dichloro-3,3-difluoro-1-propene
CH»=CFCCLF 3,3-dichloro-2,3-difluoro-1-propene
CHCI=CCICHF, 1,2-dichioro-3,3-difluoro-1-propensa
CHCI=CHGCIF, o 1,3—dichloro-3,3~diﬂuoro-1- -propene
CHF=CCICHCIF | 2,3-dichioro-1,3-difluoro-1-propene
CCl=CFCH, 1,1-dichloro-2-fluoro-~{-propene
CHo=CCICHCIF 2, 3~dichloro-3-flugro-1-propene
CHo=C(CHF,)CCIF, ' 3-chioro-2-(difluoromethyl)-3, 3-difluoro-1-propene
CHo=CHCF,CHCIF 4-chiorg-3,3 4-trifluoro-1-butene

15



(CF3)2C=CHCH3 HFC-14

56pcyy CHF2CF2CF=CFCH3

2,3,4,4,5,5-hexafluoro-2-pentene HFC-1456szy CF3CF2CF=CHCH3
wo shdhRhmsd2hexafluoro-2-pentene 1,1,1,4,4,4-hexafluoro-2-metigig22006/042633

hllfﬂnn I—IEP 1/||:Rmo+z CL=

T Y

ZHOHIRGEHRPCT/US52006

C(CH3=CHCEF3
A-ay o 1Tt J

042633-8B G-l B6ize T HPA=IaMERRCHFCE3

\ALOD.
\VA'AY4

REH2CF3 3,3,

CHETHCHC

42 3e e sfllaierd-RemsRe

A AAITTOTO-2- (trifiuorome
(Sﬁ:ia@ﬁ-”rcﬁﬁﬁﬁwhuq 11,1

thyl)=I=butene HFC-I1456ftmf HFC-14/4mz t
’211@1195%1&13"’55@49%&@1 ene y

Laaitoer3- methyt 2-b

Utetindo B 2@@4@0&@6‘”@‘6%’:&%

oTite Tt

;e(ca_lmr%‘; -hexene (or

Pegiasey

pETiuoTo- 3%?

%‘ﬁ)ahl?aﬂf Rifitdr°.9,6,6,6-

€Calluoro-s- hexene (OI'

(tmwmmdg -2- pentene

eEne i i 4 hiéxafluoro-2,3-

nd1chlofos3s

13.3504:4 éﬂﬂeﬁafmrﬁmnebﬂtene

(é!f!"&gmﬁ%l) -2-pentene 1,

;ﬁfﬁﬁﬂﬁqﬁﬁiﬂmhylpnp) A,A

Lgréﬁé 2RO 3R

B-nonNafitioro-I- hexene (or
&mlwmmhtn%mmmummh\,.\ 1 buten

Vol

Ich Edwtdiemafluoro-3-me

LA

thy,k—&rc(\tﬂffwmomﬂwl)@da utene

fii:a%éckfc%@&@luoro -4- (t

HuoromEthy)-1 PERIRRS 1 butene

Z747H470,0,0- llUfTaIIU(.)r

0-3- Tnetny 1-Z-pentene

1Cﬁﬂ?_§%im5ﬂ| 10ro=4- (11

Lh2:Scpgmailuoro-4- tnflmmwtdimiaz-bhtﬂm&HFC 1483mzt

|ﬂtﬁ‘\¢mﬂ“\'€7ﬁ éﬁg@mér@t\ene

CstidiebE Cr3(Cra

@9—%@9& rg-’a":&'-mb:l'&q -hutene

CClp=C{CH3)CFs

1, ‘1-diéh!oro—S,B,3-trif!uoro~2—methyi-‘l -propensg

CC[Z"""CHCHQCFQ,

1,1-dichioro-4 4 4-trifluoro-1-butene

CH=CFCCIFCCIF,

3.4-dichloro-2,3,4,4-tetrafluoro-1-butens

CCIF=CHC,Hs

1-chloro-1-fluoro-1-buiene

1-chloro-3,3-diflugro-1-butene

CHCI=CHCF.CHs
CH2=CC{CF20H3

2-chioro-3,3-difluoro-1-butene

CH3CH=CHCCIF,

4-chloro-4,4-diflucro-2-butens

(CF3),C=CHCI

1-chioro-3,3,3-tifluaro-2-(trifluoromethyl-propene

CF3CH=C(CCIF2)CFs

2-{chiorodifiuoromethyl)-1,1,1,4,4,4-hexafluoro-2-butene

CHCI=CHCF,CCIFCF3

"1 A-dichloro-3,3,4,5.5,5-hexafluoro-1-pentene

CHCI=CHCF(CCIF,)CF 5

1~chloro-3-(chiorodifluoromethyl)-3,4 4 4-tetrafluoro-1-butene

CFaConc‘CFQCF:g

a-chioro-1,1,1,2.4,4,5,5,5-nonafluoro-2-peniene

CHCI=CF(CF;),CHF>

1-chloro-2,3,3,4.4,5,5-heptafluoro-1-peniene

CHZ:'CCECF;;CQFg

2-chloro-3,3,4.4.5,5 5-heptafluoro-1-pentene

. CFQ“CHCFQCHQCC‘F;;

5-chioro-1,1,3,3,6,5-hexafiuoro-1-pentene

(CFg)QCFCCPCHz

2—chiorc—3,4,4,4~tetraﬂuoro—3-(triﬂuoromethyt)-‘i -buiene

{CF3),CHCH=CHCI

1-chloro-4,4,4-trifluoro-3-(triflucromethyl)-1-butene

(CF3);C=CHCH,CI

A-chioro-1,1,1-trifuoro-2-(rifluoromethyh-Z-butene

CH,=CHCF{(CF3)CCIF,-

3-(chlorodifluoromethyh)-3,4,4,4-tetrafluoro-1-butene

CHZﬂCC]CFZCFZCQFS

2-chioro-3,3,4.4,5,5.6,8,6-nonafluore-1-hexene

CHCI=CHCF,CF.Cof 5

{-chioro-3,3,4,4,5,5,8,6,6-nonafluoro-1-hexene
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FC-151-12mcy CF3CF2CF=CFCF2CF3 FC-1 51-12mmtt
(OF3)2C=C(CF3)2 FC-151-12mmzz (CF3)2CFCF=CFCF3

Wég'gﬂ%-;oggé:}%m mtz (CF3)20=CHC2F5 HFC-152-11mmyyz PCT/U82006/042633

2CFCF=CHCF3 PFBE (or HFC-1549fz) CF3CF2CF2CF2CH=0H2

- HFC-1549Fenearoppunds ivtordrs Taible 4 850 AYRieble commercially or may

10

15

20

25

30

(CRA e AR BY G BESd RAGIHE 1 @A FCF2CH(CF3)2

2-Chloro-3,3,4 4, 4-pentafluoro-1-butene may be prepared by

- chlorination of 3,344 4-pentafluoro-1-butene to give 3,4-dichioro-

1,11 ,2,2'-‘pentaﬂuoro~butane followed by reaction of the dichioride with
ethanolic potassium hydroxide. "

1-Chilora-3,3 4 4.4-pentafluoro-1-butene may be prepared by first
photochlorinating 1,1,1,2,2-pentafluorobutane to give a mixture of
terminally chiorinated pentafluorobutanes. After separating the 4,4-
dichloro-1,1,1,2,2-pentafluorobutane by distillation, the dichloro derivative
is refluxed with powdered potassium hydroxide to give the desired 1-
chloro-3,3,4,4,4-pentafluoro-1-butene.

1~Ghioro~2,3‘3,4,4,,5,5-heptaﬁuoro-1-pentene may be prepared by
reaction of 2,2,3,3,4,4,5,5-octafluoro-1-pentanol With‘,
dichlorotripheny!phosphprana followed by reaction of the resulfing
chioromethy! derivative with base as reported by Zapevalov, et. al. inthe
Russian Journal of Organic Chemistry, Vol. 24, pages 1466 to 1472
(1988). | '

2-Ch¥oro-3,3,4‘4,5,5,S-heptaﬂuoro-T-penténe may be prepared by
chlorination of 3,3,4,4,5,5,5-heptafluoro-1-pentene followed by treatment
of the resulting dichloride with ethanolic potassium hydroxide.

2-Chloro-3,4,4 4-tetrafluoro-3-(frifluoromethyl)-1-butene may be
prepared by chiotination of 3.4 4 A-tetrafluoro-3-{trifluoromethyl)-1-butene
followed by treatment of the resulting dichloride with ethanolic pbtassiun‘i
hydroxide. - .
2-Chloro-3,3,4,4,5,5,6,6,8-nonafluoro-1-hexene may be prepared
by chiorination of 3.3.4,4,5,5,6,6 6-nonafluoro-1-hexene foﬁowed by
treatment of the resulting dichloride with ethanolic potassiurn hydroxide.

1-Chloro-3,3,4,4,5,5,6,6,8-nonafluoro-1-hexene may be prepared
by first photochlorinating 1,1,1 22.3,3,4 4-nonafluorohexane to give a
mixture of terminally chiorinated pentafluorohexanes. After separating the
8,6-dichloro-1,1,1,2,2,3,3.4,4-nonafluorohexane by distillation, the dichioro’
derivative is refluxed with powdered potassium hydroxide to give the |
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HFC-1549myts CF3CF=C(CF13)CF2CF3 HFC-1549mzzz
CF3CH=CHCH(CF3)2 HFC-1558szcc (CF3)2CFCF=CHCH3

weHGrER8szy CF3CF2CF2CF=CHCH3 3,4,4,5,5,6,6,6-0CtaflBORsUB2006/042633

hexene HFC-1558fzccc C H2=C HCF2CF2C F2CH F2 .
5 451595 0 IR IcH A B Rt IO bSB TRe SR o
H3 dchbddtioprtaBraorbriséii yamiethibAuwerig feiotinated hydrocarbons

4,4,5,5,5-pentafluoro-2- (trifluoromethyl)-1-pentene

3.3 a8l5t5d; Fol RXAMRMG.I0 haRies.3 Yt dAY SRR TESE ASATIRIDRYion of

hexgag BRAAT AP35 A CER0IHB6RT6f tirkpdbadisrom Table 4, or,

CF3CF2CF2C(CH3)=CH2 HFC-1567szz CFS%FZCFZC =Cmgé-lg 3 or 4

SHEEiggRtvely, a combination of compounds

10

15

- 20

25

30

om any of Ta
compounds and Formula | compounds. Such combinations of -
unsaturated fluorinated hydrocarbons may be utilized to optimize the
solvency of a solvent composition for a particular solute.

Many of the compounds in Table 3 and Table 4 exist as different
configurational isomers or stereoisomers. When the specific isomer is not
designated, the present invention is intended to include all single
configurational isomers, single stereoisomers, or any combination thereof.
For instance, 2-bromo-1,3,3,3-tetrafluoropropene (CHF=CBIrCFs;) is meant
to represent the E-isomer, Z~isomer, or any combination or mixture of both
isomers in any ratio. Another example is 1-chloro-1,3,3,3- |
tetrafluoropropene (CFCI=CHCFs3), by which is represented the E-isomer,
Z-isomer, or any combination or mixture of both isomers in any ratio.

In one embodiment, the compositions disclosed have a Global
Warming Potential (GWP) of not greater than 1000. In another
embodiment, the compositions disclosed have a Global Warming Potential
(GWP) of not greater than 500. In yet another embodiment, the
compbsiﬁOﬂs disclosed have a Global Warming Potential (GWP) of not
greater than 150. In still yet another embodiment, the compositions
disclosed have a Global Warming Potential (GWP) of not greater than
100. In stili yet another embodiment, the compositions disclosed have a
Global Warming Potential (GWP) of not greater than 50. As used herein,
“GWP” is measured relative to that of carbon dioxide and over a 100-year
time horizon, as defined in “The Scientific Assessment of Ozone
Depletion, 2002, a report of the World Meteorological Association’s Global
Ozone Research and Monitoting Project,” which is incorporated herein by
reference.

In one embodiment, the present compositions have an Ozone
Depletion Potential (ODP) of not greater than 0.05. In another

18



. CH2

=CHCH2CF2C2F5 4,4,5,5,6,6,6-heptafluoro-1- hexene

HFC-1567sfyy CF3CF2CF=CFC2H5 1,1,1,2,2,3,4-heptafluoro-3- hexene

N
fi

1,11
CF3

0
uorome

-%%%Iéfy CH2=CHCH2CF(0F3)2 4,5,5,5-tetratluoro-4- - rani06/042633
hyl)-1-pentene 1,1,1,2,5,5,5-heptafluoro-4- methyl-2-pentene
endhrdiafbrdr dhe- greteotaoripybitsperitane &FOABEY Dyplation Potential

e e TR T -

pontenmpAEitia0e HAasserLREds SRYIEH0AIBGER:MiEC (CHTBwittbout zero. As
CF3)2C+C(CHS3 smethyl-1., 1.1 -thil -2=trifl hy1-2-b
R UL e S

5,6,
tride
tride
tride

Depietionafeoaf dorepditerttreyVolld B dr6/6¢i@ T Ak sbeiation's Global
0IQs52- 445566, 4,00z« - .
%b&oﬁ%&%@éﬁgﬁq %"53]“50532%”55%98?7 \A}h}Ch 18 Incorporated herein by

cafiternee3-heptene 1,1,1,2,2,3,5,5,6 ,6,7,7,7- tridecafluoro-3-heptene

3,4,4,5,5,6.5/0: 00N 3R A ENirated fluorinated hydrocarbons contained

10

15

in the present compositions (e.g., from Formula | and Tables 2, 3,' or 4)

can vary widely, depending upon the particular application, and

compositions containing more than trace amounts and less than 100% of :
the compound are within broad the scope'of the present invention.

In one embodiment, the present domposiﬁons may further comprise
an aerosol propellant. Aemsoi propellant may assist in delivering the
present composition from a storage container to a surface in the form of
an aerosol. Aerosol propellant is optionally included in the present
composition in up o about 25 weight percent of the toiai composition.
Representative aerosol propellants comprise air, nitrogen, carbon dioxide,

- difluoromethane (CFaHg, HFC-32), triflucromethane (CFsH, HFC-23),

20

23

30

diﬂuoroeth'ane (CHF,CHs, HFC-152a), trifluoroethane (CH3CF3, HFC-
143a; or CHFgCHgF, HFC-1 43), tetrafluoroethane (CF3;CHaF, HFC-134a; -
or CF:HCF2H, HFC-134), pentafluoroethane (CF:CFaH, HFC-125), and
hydrocarbons, such as propane, butanes, or pentanes, or dimethyl ether.

in another embodiment, the present compositions may further
comprise at least one surfactant. The surfactants of the present invention
include all surfactants known in the art for dewatering or drying of
substrates. Representaiive surfactants include alkyl phosphate amine
salts (such as a 1:1 salt of 2-ethylhexyl amine and isococtyl phospha{e);
ethoxylated alcohols, mercaptans or alkylphenols; quaternary ammonijum
salts of alkyl phosphates (with flucroalkyl groups on either the ammonium
or phosphate groups); and mono- or di-alkyl phosphates of flucrinated
amines. Additional fiuorinated surfactant compounds are described in U.
S. Patent No. 5,908,822, incorporated herein by reference.
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FC-161-14myy CF3CF=CFCF2CF2C2F5 FC-161-14mcyy
CF3CF2CF=CFCF2C2F5 HFC-162-13mzy CF3CH=CFCF2CF2C2F5
wioBGr162st3myz CF3CF=CHCF20F2C2F5 HFC-162-13mMCzyPCT/US2006/042633

O A S B IS SR tons
CF3oHbe f2esert M@t RiDHE, \ilary, 6idsly démataioen3nbertditalar drying
S B A SR USSR BB Zovaren
to those skilled in the art. In one embodiment, the amount of surfactant
5 dissolved in the unsaturated fluorinated hydrocarbon solvent is not greater
than about 1 weight percent, based on the total weight of the
surfactant/soivent composition. In another embodiment, larger amounts of
surfactant can be used, if after treatment with the composition, the
substrate being dried is thereafter treated with sclvent containing either no
10 or minimal surfactant‘. in one embodiment, the amount of surfactant is at
least about 50 parts per million (ppm, on a weight basis). In another
embodiment, the amount of surfactant is from about 100 to about 5000‘
ppm. In yet another embodiment, the amount of surfactant used ié ffom
about 200 to about 2000 ppm based on the total weight of the dewatering
15 composition. ‘ :

Optionally, other additives may be included in the present
compositions comprising solvents and surfactants for use in dewatering.
Such additives inciude compounds having antistatic properties; the ability
to dissipate static charge from non-conductive substrates such as glass

20 and silica. Use of an antistatic additive in the dewatering compositions of
the present invention may be necessary to prevent spots and stainé when
drying water or agueous solutions from electricél!y non-conductive parts
such as glass lenses and mirrors. Most halocarbon solvenis of the
present invention also have utility as dielectric fluids, i.e., they are poor

25 conductors of electric current and do not easily dissipate stafic charge.
Bolling and general circulation of dewatering compositions in conventional
drying and cleaning equipment can create static charge, pariicularly in the
latter stages of the drying process where most of the water has been

~ removed from a substrate. Such static charge collects on non-conductive

30 surfaces of the substrate and prevents the release of water from the
surface. The residual water dries in place resulting in undesirable spots
and stains on the substrate. Static charge remaining on substrates can
bring out impurities from the cleaning process or can attract impurities
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3,3,4,4 55,6 ',6- octafluorocyclohexene FC-C151-10y
cyclo-CF2CF=CFCF2CF2CF2- 1,2,3 ,3,4,4,5,5,6,6-.

“%e%tmggg vclohexene The compounds listed in Table 2 W@J}@E’/{ﬁzﬁss

commercially or may be prepared by processes known in the art or as

d escsilgﬁ@@l afe}i@mfrmmﬁ@ahbmmm nesciémiingrecsrisitimsieaning
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anotfier embodiment, cleaning compositions may comprisé a com hatiof
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the spegificjsomer ynat dasignated (e preseobiBUaRIan S eniRd R,
include all singfe configurational ISomers, single stereoisomers, or any
combitiditivasitered iz Rorinstaming phinbsardigbofdihvotmeatunated

HFE i -ison - .an
o TR (ATCERRSAESHILNS A SR ML et
1,1, 12 \slmsibes, 2mlodioesndi the@glitapeaddifves berd armokybilby in
BRI SO B ol R oRt o G AtaR i, the

comsoluiitylef evitistrdicgshis 20 leashhs-vaighhiperopshinrateaturated

fluori r I in . N
2007 e ST GRS Falle 1o, petiment, iog anfitatc
compesitivedsaritrasiigeartadE=Néi3ubstrates. TABLE 3 Structure

oo s Bl e Do b iAdAg LARIAREA Sontaining

13-bremeuntjgtaisedditiverispeliestivedp beth Bre cpveatedingHoRr Ay ing and

3-brojRQsls R 3 HIUPBIABENS dewater or dry. a substrate as described below.

' Another embodiment relates 1o a method for dewatering or drying a
substrate comprising: | _, '

a) contacting the substrate with a composition of the present
20 - invention containing surfactant, thereby dewatering said
| substrate and
b) recovering the dewatered substrate from the compaosition.
Maﬁy industries use agueous compositions for the surface
treatment of metals, ceramics, glasses, and plastics. Cleaning, plating,

25  and deposition of coatings are often carried out in agueous media and are
usually followed by a step in which residual water is removed. Hot air
drying, centrifugal drying, and solvent-based water displacement are
methods used to remove such residual water.

While hydrofiuorocarbons (HFCs) have been proposed as

30  replacements for the previously used CFC solvents in drying or dewatering
applications, many HFCs have limited solvency for water. The use of
surfactant, which assists in removal of water from substrates is therefore

necessary in many drying or dewatering methods. Hydrophobic
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2-bromo-1,3,3-trifluoropropene CHF=CBrCHF2 CHBr=CFCF3
1-bromo-2,3,3,3-tetrafluoropropene CHBi:=CHCF3

wérB§61a3878, 3-trifluoropropene CH2=CBrCF3 PCT/US2006/042633
2-bromq-3,3,3-trifluoropropene CH2=CFCBrF2 . .
3-broWies NSRS S5 RIpeRdedipArIataring R ANinG SoRYpRIRto displace

CR37361Gh8, SitrsiES F3 1-bromopentafluoropropene

_ 2-bromo-3,3,4,4,4-pentafluoro-1-butene ) .
1-bromo-3,3NELApRMAMIEHEN G e danadetng erdtyipg solvent

CHBfyr{sBliuFREd fubrinéTid {26 z86n solvent) in a dewatering or drying
4-broo-3,3,4,4-tetrafluoro-1-butene CH2=CHCBrFCF3

- 3.préRivResition B daftersa ibaapwentst malere e surface of a substrate
- 2-brejpged drid B SRS R YOMRBoBWENR surfactant is to disg!ga% any

2-bromo-4,4,4-trifluoro-2-butene CH3CBr=CHCF3 CF3CBr=CFl
2-bréRRERINNg Walss fsosdhr gurface of the substrate. When the unsaturated
fluorinated hydrocarbon solvent and surfactant are combined, a highly
effective displacement drying composition is aftained.
10 . In one embodiment, drying or dewatering solvenis of the disclosure
include those unsaturated fluorinated hydrocarbon compounds listed in
“Table 1 and Table 2. | |

In one embodiment the fluorinated olefins for dewatering or drying

of a substrate from Table 1 and Table 2 have normal boiling points of from
15 about 25°C {o about 120°C.

In one embodiment, the surfactant for dewatering and drying is
soluble fo at least 1 weight percent based on the total solvent/surfactant
conﬁposiﬁon weight. &

In one embodiment, the dewatering or drying method of the present

20 disclosure is very effective in displacing water from é broad range of
‘substrates including metals, Such.as tungsten, copper, gold, beryllium,
stainless steel, aluminum alloys, brass and the like; from glasses and

ceramic surfaces, such as glass, sapphire, borosilicate glass, alumina,
silica such as silicon wafers used in electronic circuits, fired alumina and
25  the like; and from plastics such as poiyoiefin'("AEathon", Rynite®, "Tenite"),
p}oiyvinylch{oride, polystyrene (Styron), polytetrafluoroethylene (Teflon®),
tétraﬂucroethyiene—e’chylene copolymers (Tefzel®), polyvinylidenefluoride
("Kynar"), ionomers (Surlyn®), acrylonitrile-butadiene-styrene polymers
(Kralac®), phenol-formaldehyde copolymers, cellulosic ("Ethocel"), epoxy
30 resins, polyacetal (Delrin®), poly(p-phenylene oxide) (Noryi@),
polyetherketone ("Ultrapek”), polyetheretherketone ("Victrex™),
poly(butylene terephthalate) ("Valox"), polyarylate (Arylon®), liquid crystal

polymer, polyimide (Vespel®), polyetherimides ("Ultem™), polyamideimides
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(CF3)2C=CHBr 1-bromo-3,3,3-trifluoro-24trifluoromethyD-propene
CF3CF=CBrCF2CF3 3-bromo-1,1,1,2,4,4,5,5,5-nonafluoro-2-pentene
W%—Egg%gg%,&,3,4,4,5,5,5-octafluoro-2-pentene PCT/US2006/042633
romo-1,1,3,4,4,5,5,5-octafluoro-1-pentene

1-brdni6308,3, palyB-phemirbrosuifreréitvthon”), polysulfone ("Udel"), and
2-br F: ,é— fluorn-1- bodi .
5-br?§§-ﬂ,3ﬁ§%ﬁ§%§%ﬁb:@ p%édr%t%éqr%g%% odiment, the ccn'fposmons for
2-broife -8, e prese dswasting orowngng Nethoteate compatible with
CHF@@@&%&ZFS CF2=CBrCHFC2F5 CHBr=CF(CF2)2CHF2
CH2=CBrCF2C2F3 CF2=CHCF2CH2C&F2 (CF3)2CFCBr=CH2
@Fzzc:(CH_t‘s@“@m@m@m&@qi&qmwﬁ%éﬁﬁm@a@@pwss for
2-('0r@ﬁ&ﬂﬂiﬁ&é@%@}@ﬁ%ﬁ%&h\ﬁmmﬁ@ﬁﬁ;e., dewater}sagértlige surgace ofa

1-bromo-4,4,4-trifluoro-3-(trifluoromethyl)-1-butene CH2=C 2)CF

(CF3yatercybeirate, rdpshxormmisspepntacting the substrate with the
4-brompelnbrab e Qg Db Useieth ing t
CH e ol ettt 1t Qf&?w 5 en removing .he substrate
3-(broRiB@RntRevdth ) dewatestsicornesiiehe In one embodiment, water
16 F3GhighbRAetin folthé QipfBeshf thé suBstrhrPialy Pa&e@ﬁg%tﬁ t
2-brom§ﬂ-3,3,4,4,5,5,6,6,6-nonaf|u%ro-1-hexene CF3(CF2)3CBr=CH2 ven
and/or surfactant and leaves with the dewatering composition. By "at least

a portion of water" is meant at least about 75 weight percent of water at
the surface of a substrate is removed per immersion cycle. By "immersion
cycle" is meant one cycle involving at least a step wherein substrate is
15 immersed in the present dewatering composition‘; Optionally, minimal
| amounts of surfactant remaining adhered to the substrate can be further
removed by contacting the substrate with surfactant-free halocarbon
solvent. Holding the article in the solvent vapor or refluxing solvent will
~ further decrease the presence of surfactant femai,ning on the substrate.
20 Remévai of solvent adhering to the surface of the substrate is effected by
evaporation. Evaporation of solvent at atmoépheric or subatmospheric
préssures can be employed and temperatures above and below the
boiling point of the halocarbon solvent can be used. |
Methods of contacting the substrate with dewatering composition
25 are not critical and can vary widely. For example, the substrate can be
immersed in the composition, or the subsirate can be sprayed with the
composition using conventional equipment. Complete immersion of the
substrate is preferred as it generally insur,eé contact between the
composition and all exposed surfaces of the substrate. However, any
30 other method, which can easily provide such complete contact may be
used.
The time period over which substrate and dewatering composition

are contacted can vary widely. Usually, the contacting fime is up fo about
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The compounds listed in Table 3 are available commercially or may be
prepared by processes known in the art.

whr BiemR3:e73.4.4,4-pentafluoro-1-butene may be prepared by @8r/us2006/042633
three-step sequence beginning with reaction of phosphorous tribromide

with 8, BINUIES RMRUEFoIANBRITBPRGRY e BReAJ dasired2.In one

IOe“téﬁhﬁéﬁ?ﬁ@ﬂ%ﬁﬁérﬁ&?ﬁ@fﬂ@ﬁ?@&@@ﬂ@%ﬁf&cﬁgﬁﬁe is from about
pentafluorobutane at 350-400C gives 4,4-dibromo-1,1,1,2}2-

pentdiRRFBBEEMBORITETRY/S UM Bt emhnHipntcie gritasion fime
10 hygnoddrlpagivm i sraestest BrOMANABN®5 seconds to about 4 minutes.

2-Bromo-3,4,4,4-tetrafluoro-3-(trifluoromethyl)-1-butene may be prepared

By addition GPBiaRIIRG ienpewidiesRRIGSRtHANG Wideihgdenendingen the
followeghiy Hsmre R LhAgEsbR FmA WiD ShnaliPRIARIRIr. is

hydroxide. 15In addition to t
chlo

e inventive compounds describe ove,

Snlpgs i thareamasaiiara RpamRlRBHINg frekdnted in

Table 4 canbe s eaBoGIRRMN I ERASBIGRSOF RN NS SEHPEREIB5 ure may
substrates. TABLE 4 Structure Chemical Names CHCI=CFCCIF2

1,3-dilisioceniainRiGersolerép&ich co-solvents are desirable where the
18.2-GeBiQi% 3 b BHINNNG -ArOOPBRSY AN AR NP EXvRIARSE process

1-chloro-2-fluoro-1-propene 2-chloro-3-fluoro-1-propene

2-chliGRINHA ferDL BYRehales (T feoneing tolneringHukesand degreasing
CHGiehahlsa(ddaTiehtntd Lorkdris g C\tddfates of the present invention.

15

20

25

30

Such co-solvents inciude alcohols (such as methanol, ethanol,
isopfopanol), ethers (such as diethyi ether, methyl tertiary-butyl ether),
ketones (such as acetone), esiers (such as ethyl acetate, methyl
dodecanoate, isopropyl myristate and the dimethyl or diisobutyl esters of
succinic, glutaric or adipic acids or mixtures thereof), ether alcohols (such
as propylene glycol monopropyl ether, dipropylene glycol mon:obuty! ether,
and tripropylene glycol monomethyl ether), and hydrocarbons (such as
pentane, cyclopentane,i hexane, cyclohexane, heptane, octane), and
hydrochlorocarbons (such as trans-1,2-dichloroethylene). When such a
co-solvent is employed with the present composition for substraie
dewsatering or cleaning, it may be present in an amount of from about 1
weight percent to about 50 weight percent based on the weight of the
overall composition. '

In cleaning apparatuses, including vapor degreasing and vapor
defluxing equibment, compositions may be lost during operation through
leaks in shaft seals, hose connections, soldered joints and broken lines.
In addition, the-working composition may be released fo the atmosphere
during maintenance procedures on equipment. if the composition is not a
pure component, the composition may change when leaked or discharged
to the atmosphere from the equipment, which may cause the composition
remaining in the equipment o exhibit unacceptable performance.
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CH2=CCICCIF2 2,3-dichloro-3,3-difluoro-1-propene
3,3-dichloro-2,3-difluoro-1-propene 1,2-dichloro-3,3-difluoro-1-propene

-dichloro-3,3-difluoro-1 -propene CH2=CFCCI2F CHCI=C
“@é@ﬁ%@@c G 0061042633

IF2 CHF=CCICHCIF 2,3-dichloro-1,3-difluoro-1-propene
1,1-dfstdordiagiyiotds fiespahie 2rBudietts @ -Gefrong barymesigon comprising a

o AR 00 C
4-chloro-3,3p arituanb o tW@cﬂﬁp@m PPIDEI pISRO06GIRARRIBe are
o S A S T e s P Bion sovents and
B-chlssod#yicBetrifig o iugesrm\@attor 63, ppsipentatitioroil imgene

1'ChI%%%é%}%&%ﬂe&ﬂ%ﬂgﬁ%éb#ﬁ?&ebg E';%gﬁg& Eﬁ&xwrzesidues, oils and

CH2=
greases, and particulates that may contaminate the surfaces after

completion of manufacture. In another embodiment, the present disclosure
relates o a process for removing residue from a surface or substrate

10 comprising contacting the surface or substrate with a cleaning composition
or cleaning agent of the present invention and, optionally, recovering the

-surface or substrate substantially free of residue from the cleaning
composition or cleaning agent. | ,
In yet another embodiment, the present disclosure relatesfoa

15 method for cleaning surfaces by removing confaminants from the surface.
The method for removing contaminants from a surface comprises
contacting the surface having contaminants with a cleaning composition of

the present inVenﬁon to solubilize the confaminants and, optionally,
recovering the surface from the cleaning composition. The surface is then
20  substantially free of contaminants. '
| As stated previously, the contaminants or residues that may be
removed by the present method include, but are not limited to oils and
greases, flux residues, and particulate contaminants.
In one embodiment of the method, the contacting may be -

25  accomplished by spraying, flushing, wiping with a substrate e.g., wiping
cloth or paper, that has the cleaning compaosition incorporated in or on it.
in another embodiment of the method, the contacting may be
accomplished by dipping or immersing the disk in a bath of the cleaning
composition.

30 In one embodiment of the method, the recovering is by removing
the surface that has been contacted from the cleaning composition hath .
(in a similar manner as described for the method for depositing an a
fluorolubricant on a surface as described below). In another embodiment
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CHCI=CHCF2CF3 CH2=CHCF2CF2ClI
4-chloro-3,3,4,4-tetrafluoro-1-butene 3-chloro-34,4,4-tetrafluoro-1-butene

worehlemsséA,4-trifluoro-2-butene 2-chloro-1,1,1-trifluoro-2-butefer/us2006/042633

3,4,4-trichloro-3-flugro-1-butene CH2=CHCCIFCF3 CH300I=CHCF3
CF3 é\‘é‘dﬁ%ibﬁéjd RAQviigis G atawdng the clganing gomposition that

2,3, prisahdein Shhs Hﬁ'ﬁQ%deﬁHE%%'@E@%%n away.
2,4-%: Elﬁro-4 4-difluoro-1-butene CH2=CHCF2CHCI2 .
P rially. ARy EERdeRl Sleanivg sempsition that may be left behind

34-dighiptacS bt the ieRe B slelfeHR %%:Jevaaorated in a manner
1-dichlgro-3,3,3-trifluoro-2-methy1-1-propene CCI2=CHCH2CF3

3 1-8itdlan 2 Shaliosibe dresidiemetipd erwellr2
- 3,4-dichlorage3meAHed aligamnyieag el mal5eBpplied to the same

1-chloro-1-fluoro-1-butene CHCI=CHCF2CH3
types of surfaces as the method for deposition as described below.
Semiconductor surfaces or magnetic media disks of silica, glass, metal or
metal oxide, or carbon may have contaminants removed by the method.

10 inthe method described above, céntaminant may be removed from a disk
by contacting the disk with the cleaning composition and recovering the
disk from the cleaning composition.

In yet another embodiment, the present method also provides
methods of removing contaminants from a product, part, component,

15 substrate, or any other article or portion thereof by contacting the article
with a c[elahing composition of the present invention. For the purposes of
convenience, the term “article” is used herein to refer to al such products,
parts, components, substrates, and the like and is further intended to refer
fo any surface or portion thereof. Furthermore, the term “confaminant” is

20 intended to refer to any unwanted material or substance present on the
article, even if such substance is placed on the arficle intentionaily. For
example, in the manufacture of semiconductor devices it is common to
deposit a photoresist material onto a substrate to form a mask for the
etching operation and to subsequently remove the photoresis't material

25  from the substrate. The term “contaminant” as used herein is intended to
cover and encompass such a photo resist material. Hydrocarbon based
oils and greases and dioctylphthalate are examples of the contaminants
that may be found on the carbon coated disks.

In one embodiment, the present method comprises contacting the

30 article with a cleaning composition of the invention, in a vapor degreasing
and solvent cleaning method. In one such embodiment, vapor degreasing
and solvent cleaning methods consist of exposing an article, preferably at
room temperature, o the vapors of a boiling cleaning composition. Vapors
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1-chloro-3,3-diflUoro-I-butene 2-chloro-3,3-difluoro-I-butene
CH2=CCICF2CH3 CH3CH=CHCCIF2 4-chloro-4,4-difluoro-2-butene

Wé é@?ﬁo %(} ,3-trifLuoro-2-(trifluoromethvl)ropene (CF3)2C=Cklys2006/042633
H=C(CCIF2)CF3

2 (cltﬂ@nd&uﬁsmgamethylphzjeci hawaihemwtageo@ﬁ@meviding a relatively
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raising the femperature of the cleaning composition above ambient or to

10 any other temperature that is effective in such application to substantially

‘improve the cleaning action of the cleaning composition. In one such
embodiment, such processes are also generally used for large volume
assembly line operations where the cleaning of the article, particularly
metal parts and assermblies, must be done efﬁcientfy and quickly.

15 In one embodiment, the cleaning methods of the present invention
comprise immersing the arficle to be cleaned in liquid cleaning
composition at an elevated temperature. In another embodiment, the
cleaning methods of the present invention comprise immersing the article

- to be cleaned in liquid cleaning composiﬁoh at about the boiling point of

20 the cleaning composition. in one such embodiment, this step removes a
substantial amount of the target contaminant from the article. In yet
another embodiment, this step removes a major portion of the target
contaminant from the article. In one embodiment, this step is then
followed by immersing the article in freshiy-distiﬂed"cieanéng' coﬁ%pbsiﬁon,

25 . which is at a femperature below the temperature of the liquid cleaning
composition in the preceding immersion step. In one such embodiment,
the freshly distilled cleaning composition is at about ambient or room
temperature In yet another embodiment, the method also includes the step
of then contacting the article with relatively hot vapor of the cleaning

30  composition, by exposing the article to vapors rising from the hot/boiling
cleaning composition associated with the first mentioned immersion step.
In one such embodiment, this results in condensation of the cleaning

composition vapor on the article. In certain preferred embodiments, the
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3-(chlorodifluoromethyl)-3,4,4,4-tetrafluoro-1-butene

OH2=CCICF2CF2C2F5 2-chloro-3,34,4,5,5,6,6,6-nonafluoro-1-hexene
W&k—é@jm%FZCFZCZFS 1-chloro-3,3,4,4,5,5,6,616-nonafluorperhmzersa42633

WO 2 07/0536 2PCT/US2006/042 33 The compoundsllsted in Table
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the @fising. 2-Chloro-3,3,4,4,4-pentafluoro-1- butene may be prepared by
chlorination of 3,3,4,4,4-pentafluoro-1-butene to give 3,4-dichloro-
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Ly sontmel DB YR IR BRI SR ATE BoELLer Aposing a
25hﬂdm&l@eriaﬁh|@rm% hdehbdn @6 &-anfaiieosaid hwthod tuwding

R RS kSR AR Al

hyd ﬂn@ﬁeaieaﬂxad@o&a}ﬁoﬁ bfitcobesenafumntibhexeniadctiag beid

'|tooregpare &%}fg fgfhoto Iorlnaﬂ ﬁﬁlt%%aﬂ]\b%’hﬁé{‘fiﬁﬁ -non %Oé%t xane

2(pepanatingrating ihalibiasnt 1ol 2 3Gctotuboitalil amdtinguoa tye surface.
o118 AR USRS R A PRYILTHEY BRFRRIAD: cost
method of storing digital information involves writing and reading magnetic
flux patterns from rotating disks coated with magnetic materials. A
| magnetic layver, where information is stored in the form of bits, is sputiered
25 onto a metallic support structure. Next an overcoat, izsualiy a carbon-
based material, is placed on top of the magnetic layer for protection and
finally a lubricant is applied to the overcoat. A read-write head flies above
the lubricant and the information is exchanged between the head and the
magnetic layer. Ina relentless attempt to increase the efficiency of
30 information fransfer, hard drive manufacturers have reduced the distance
between the head and the magnetic layer, or fly-height, to less than 100
Angstroms.
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WO 2007/053672PCT/US2006/042633 desired

1-chloro-3,3,4,4,5,5,6,6,6-nonafluoro-1-hexene. Cleaning compositions
wEHEAE H’;e a single unsaturated fluorinated hydrocarbons aglisteged6642633

example, in Tables 3 or 4, or may comprise a combination of compounds

from Table Bvarizhhbidktipa bpevaiiskasivie appipriian othg head and the
altergRivelyeqmPiiakar i Peyheaiamany oh FREIARK, foth botn

compounds and Formula | compounds. Suc binations of unsaturated

fluoriighiog Bydrizimp castaniy, ook b lblyjigatege the solvency of a
vent " . | _ S
solven Co”fhﬁ?%!gﬁﬁ%ﬁteaa{%fﬁ@e ] Poé%d\%%'mm&%ﬁ@qua%ﬁbnc disk

Table 3 and Ta exist as configurational isomers or

SteratiiverinstasiyHordensagsecihie Eistien katvegasihrdteadipegprigerhat is,
iInveplion s {RERRSY %%F@cﬁ% SRR plansiy R eisk SHIRIR:.

stereoisomers, or any combination thereof. For instance,

2-bromo-1, 3 etitamestbist dhe ety fosrurayasiatheds srdaeasition
the %ﬁ?@!&‘r‘?ﬁu%fi%ﬁﬁf&.ﬂﬂﬁé‘ﬂgéeﬂé'}‘%‘iﬁ@&wﬂ@%eﬁ ket FEispmessd

“in any ratio. Another example is 1-chloro-1,3,3,3- tetrafluoropropene

(CFEIEC12088) hey herchragrdptedahiedanbat-isepast, onidenRivipampnt
16°m?§@4&8r8f QHW&H%QEQNMM%H%@&%{!M@@M@AH QRBuId consider

embodiment, the compositions disclosed have a Global Warming Potential

(GWe)\ranseeréalnash Y60, fHahawiepbrenBslisnelve the fluorolubricant
compagiigns distoserfanamiirhalMiarsing leitnddiotashant.

greater than 500. In yet another embodiment, the compositions disclosed

havehdlditisaliyy aaHaorasieis (Ve Ppeniorgrbiademare1Hanal st
yet anpihaLsmledimenbihstrarenesivenslisslonh RvRmeSdahdting and

Warming Potential (GWP) of not greater than 25100. In still yet another
1&mbb ?, ifFROLGHIpBSITbHBTIEMBY & e/ EuptalubrofN FaRtNGotential

(GWP) of npt greaeriBamRM ARG SRBAMIBACaRYBY ke irasdisciosure

relative to that of carbon dioxide and over a 100-year time haqrizon, as

 defirRRMATSHSBIPRIRONSHRE hdiTt ot eYHRE IS RBIIEL L oBHEINg
of thg Wegd Wgéaomologiriphesesiatisnridmanabiik Qe mespasel and

Monitoring Project,” which is incorporated herein by reference. In one

embBETHENCRRY BHREERPTRABBLRIBR FRMEUMeS BHETEhIBR Potential
2@0D78éﬁfmbar@ﬁah£ﬁ§mm:ﬂ@)lam@ﬁmrw@!yaskylethers (PFPAE). These .

"+ 2007/053672PCT/US2006/042633 embodim

t, th t iti
v kT ANEASHRR BER AT TP BB PEr I URLRS sy GOUME Sud
anotfm{@mml o %@fﬁ%ﬁmwmﬁmﬁﬂﬁmﬁm @md fiaa;jslefidiﬁerent
. Potential (ODP) of about zero, As use rein, "ODP" is as defi in ..
Th R R LR A T3S TG EIULHRAT DS ResRDBYghgon are
Wor@v&!ﬁaw@@gi@é‘ﬁ?ibs&g}i@a@ bea%&m_mf&es?amm,aﬂ@fu#h
Monitoring Pr t," Ich IS'Incorporated. herein eference. €., .
2 oP R PEER RS AP i B dOEI R Hyh A ot imited
- presenkepinp®@sBions! (@ gG ifRroBamBlaR 480 [FRdledl2Panodd)Ndranrs &
ety d ) i i i : . L
oD T BRI B 50 2000

are \¥600 brddD ) & sheipachidh€ preskm®inhdizin br édé 8bilbofinidrty

the present composition further ¢ rise ama ropel

Ao SN SEIBRE A Ao LA T g HACH prSEs Al S R g fered by
3fromaditradyaadrdainer, tOsekarfdapam (hd-fHR@ ¢ aardalbsilokisasol

propgllant is optionally inc int I ition.| !

D Gl RT A oY A e L SR A i Cor

prop&kahtsctopigsiSoginratiroyenschsidiargiotiBew Chemical Co, Midland,

Mi); and mixtures thereof. The Krytox® lubricants are
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difluoromethane (CF2H2, HFC-32), trifluoromethane (CF3H, HFC-23), 20

difluoroethane (CHF2CH3, HFC-152a), trifluoroethane (CH3CF3,
wilbfedd3m7or CHF2CH2F, HFC-143), tetrafluoroethane (CF3@EIRES2006/042633

HFC-134a; or CF2HCF2H, HFC-134), pentafluoroethane‘gCF3CF2H

HFCREPECRKRRNEIRGSR Saies e siepaiRb STEHER FIEEEREREE G
dimeshyCetherhiieineihengspeinen e PIESSRGABHES AR are

further 25 comprise at least one surfactant. The surfactants of the present

invetficianalirednesiiHareRAI¥athe et FANYE 15 MlRLEAR Y B Idh oy 500
of sy A atGAR esestalivESHRaRHEY wdef@thytx mﬂsoh@l@ @FNEF,-

salts (such as a 1:1 salt of 2-ethylhexyl amine and isooctyl phosphat

AR S e el s R

30 sgltsobtakymospbass é@a@%q:twéwgl eithertgrnum™ ofls
ammonium or phosPhate groupsz and mopno- or di-alkyl phosphates of

fluoAFBRR AAFRROKBIGER Hsaransiner iR mYeeoNRENhfom 2700 to
desgaeckibicmBatenhito. ARifcPAlly nekPeriedieraie byirrfersnseped

The amount of surfactant included in the dewaterin @g composmons of the

presN AR JRM AP EReRA HRRkaIN G Bn HE pahichimay bR gseful in

1@pplsatinadBwhiczaaid ¢astpedition will be used, but is readily apparent
to those skllle%fn the@gﬁi In one embodiment, the amount ofﬂ#rtactant

sdissolved tHEHAHGRAMRRGRIET b HIBRIESR S BReNSO ¥ Add Higpally
great@mm%eaéwtte@et@%p%@@ﬂh@pﬁg&b%@t@ﬂﬂt@lmgﬁm@ﬁﬂm X-1P®,
surfactant/solvent compasition. In angther embodiment, (?unts of
Sor MR Y SETYERS UGt BAR i QHET BRSO AUIRE (ower Cost
SUbﬁtﬁ@F@ibﬁtﬁ@ﬁﬂ?ﬁtl@r@@@@ﬁﬂfr&@@é&ﬁ%br&@tﬁ@ﬁbﬁdtﬁﬁlﬁmglﬂwr no
10 or minimal surfactant. In gne em od %% e amount of, EF HBer"nFJE
L 12R55%3lre %‘é(&%apfé S P ﬁ\ GhtGRERYSR'EAB
embfxstiraeiatidhe amount of surfactant is from about 100 to about 5000
ppm. In yeit%a other embodi ount of surfactant used is from
Bhout 200 B BBbEOTE08 b BACL A TER SR Rl e fematering
15c@nmpofilivitants @Dﬂ@aws@:ﬂnm\mlﬁtntweﬂeﬂmdbe included in the
present co ition olvents and surfactants for u
Cematering! 5 EH RN BB R TS S RRUIRE ALt et bomrise
2qor0|®ﬂi§& (ritathiitElobaisSiontrystatchuelugreso Bamdosen @)ive PFPE
rates Oand SI|IC Use of an antistatic d|t|ve in the
g OB 7 B G RISH DB Py BB St
premt/enbssardataunpmbasdﬁ;tiﬁ@vthtsrmcﬂmguhsmmmstﬁmw
electn non Ccppd ctlve parts such as glass lenses and mirrors. Most

halo\ga soK/ Ofthe present invention also have utility as dielectric
fluids, i.e. ﬂhm/arﬂa]moﬁﬁdmnbubmfmotcﬁté:utna@maytiwdecjmameréasw\v

B T N U E L D e

composmons Reconvent fying an eanln equipment can create
statmjchageslhmtcbalajynﬂtﬂd@n m’@:elstagm sxﬁtfwelsymgqmmd&ss&tthére

col AP SEEIE B R SUEs A0 SRS SR
releaggasfasder iichtizesndiiced T b thesieabwhinyenkéiesiafgareiul. The
res%?é@eﬁtﬂ@@ﬁf@ﬁéﬁ%ta ?‘f@'ﬁﬂﬁ%rlpgfﬁ P?Hé‘éﬁr(:?eam Ofhedia

remalining on supbstrates can bri goutim rom the

30procaish) Grecepnamvéet Hvearhid disks.do fine mwﬁm&memﬁ@ﬁmm ghisks,
unageenighl g'ﬁ%w%pfg%eaepadw % ﬂ‘ﬁté%t‘?'ﬁ Pleor magnetic

antistatic ad tivesare polar compounds w re soluble in the preserit

unsEafictatis e GsiebBrveRCssieeasHian nEhiE iR tﬂ@réas‘énastrom)
the ered o RiBES HpaRia s lup alshuiacesosolisa!
resulting in dissipation of 'statiC charge from a“substrate. In another
embodiment, the antistatic additives have a normal boiling point near that

of the unsaturated fluorinated hydrocarbon solvent and have minimal to no
solubility in water. In yet another embodiment, the antistatic additives have

a solubility in 10 water of less than aboud®.5 weight percent. In one
embodiment, the solubility of antistatic agent is at least 0.5 weight percent

in unsaturated fluorinated hydrocarbon solvent. In one embodiment, the
antictatic additin/e ic nitromethane (CH2NO?2) In one emhndiment the



Another embodiment relates to a method for dewatering or drying a
substrate comprising:  a) contacting the substrate with a composition of

Oinvention containing surfactant, thereby dewate %06 042633
“}B ?Z‘i-gj%r%zd b) recovering the dewatered substrate from trﬁ%/%% /

comrfwndnbmu mdyébe%amﬁa@m@e@m«asmdré(fmdinecSlerEppiymg
treat etals, c Sses and tics, Cleaning, plating, 25
~and eposﬁg OE}{ 'C(%t gf& W&? ﬁﬁlgm&és leous media and are
usually follonjfbgrtampmfmmmbimmrﬂmﬂlwtﬂuimmnbaed stdveant may be
dryin aI d lvent-based ter displacement

e A St SR T Rt VRO SR

*H Fcﬁmmbmhme;mbedmm otidacemiitefdhdierap\beusipdseca bath

CFC aterin c tions,. man have
I|m|tef§?l%{’\ven(k£~I gor Water %\ge u@g gpggf?z!tc 'Ca%tﬁgﬂé% ?s?f S ljgr%?/al
of w&esﬁum@dﬁbﬂmﬂeamdmetommewmmaqﬂyaﬂfm about 0.010

dew iydro 3672PCIMS2006/042633

surf %%a%%%en adoof'e%Bq‘% 65 gl’l OE:O ying solvents to displace

water from Sinessiate sf Thetpdtiva s hic coonbatabierdefviderdolybrickyingnd solvent
1 °"."°s9fg€”:ﬂ%aéﬂ 1ed fu “Béte" %‘r ;m%bu r{r‘taf)'a?{;’(lzﬁ 'H&%e%végéﬁ%% or said

rying compo Ion |s uce ot
subsambd;@(rmgammednWgémlmmtaiumawp@hﬂtbsaﬂaﬁaaet |sﬁtdtdlshlime disk

any gl g§fgt¥s‘5§r%%e§’ iB gt)‘?nsé’ g@cr?n%f @t? bS\Kr s d%%‘? rSomg other

unsaturate FOCarbon Solvent and SuHactalt A ¢
a h@ﬂsppﬁééhﬂé rdﬁplﬁitﬁlmgl‘dtbmgmjempﬁmtmni@auﬁﬁmcds’sm nEveedisk will

embggi l{)&ﬁ%%@?ﬁ asﬂt){gn%ﬁ%ﬁégﬁ% c} e |ncIu eth [H3Fto the

unsa urate uorlnate ocarbon compounas
1¥ablsgivent baih oﬁ“eemmmimemahétﬂ\thMnbMapeendemdmg thgronot

s L S L

of from abbut one embodiment

surfaitéemidreitwacengboenteginyits Sotutiiskio Hedeamsirdvesigiaypeecent

base
' embggﬂrgggtét %%L%(l%e{v tertlér%gc?%rylnéo Qt%t?@cg‘\ O@ ‘g‘%?g‘éemﬁ% including but not
discliedito/mstalreeatal allawsmiasty Wﬂéﬁﬁfﬁon@\dd@tl@a@ﬁang elisk may be

28UbSY B AR YURE NG AISSHE S IR rb@%'ﬁ%n‘i?é\éﬂ'm 'a vertical

stainless steel, aluminum alldys, brass an the rom glasses an

 ceraRRSHORAEES Isechategrampsapphihe, %%eme Gl suapaitaay be

silica,sHeh g '&PQH’Y%%H%@%&%I?&%%H&H@H%H%%@ "&2R%s metal,
25the like; and fro%f astics such as polyolefin ("Alathon”, Rynite(r),

"Termel pigvinjrstisiepsrshirmevesihenisids rpmmitede stk will be

(TeflweaeéqﬁﬁﬂHf&@ﬁt&ﬂépﬁcﬁm&a@oeﬁpewﬁ%Gfreta@ﬁeénwba,«ent
onvmyIldenequorlde %E&gar) ionomers (Surlyn(r)),

23cryRamAlEasiaRdithe Bafbeldpheld atraeri MeRtLsmdedsaled or

| COF’%@I@&%&%M';S@%@Q?EE ngﬁeﬁa éebﬁﬁ'@%e?ty%%@t gaelpn(),
poly(p-phenylene oxide) (Nor poléetherketone ("Ultrapek™),

po|yetheretﬁ5ﬁtéﬁtwelyvtlaﬁ s ¢ Py (basinottad Baivamihedabrye and
po'yatéletar(/h%l%@}almct&rtﬁ%&%ﬂ@asa@'ytﬂteigné\l%%%%(% disk may

polyetherimides ("Ultem"), polyamideimides ("Torlon" p-phenylene

sulfiéhst %fﬁm@yeﬁdimlﬁa@éqatbu@tw&ydwm@ntbﬁ edyerchy raising
3@NOHHRY GENOtiments YNerOMBASLIMSHIOE ASEIM SIS SA-dsX AISIHH into

or dr)rqln% method are compatible with elastomers.

Either of the methods for contacting the fluorolubricant/solvent
combination with the disk surface of either lowering the disk into a bath or
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5In one embodiment, the disclosure is directed to a process for removing

at least a portion of water from, i.e., dewatering, the surface of a wetted
wguhsHi@isywhich comprises contacting the substrate with the PCT/US2006/042633

aforementioned dewatering compaosition, and then em

qu&e subst rate
fron NG R S IR I U IS AN |
100@:@@@\%? bogtst indecdld face sthetinyttrtsaiisicwiigntheed by solvent

a

and/or surfactant and leaves with the dewatering co ition. ‘at least
D HOFOU R RO Rk F P RIR ROy DR R BT aE Rieeanl dpdarive
the spﬁéf@@ﬂ qhg@gpfgrgﬁgﬁa?m@r@pm-p@@aﬁngeraon cycle. By "immersion
cycle" is meant one cycle involving at least a séﬁ%%vl-b%ﬁ!&gb trate |s
35immersediething %ﬁ?d@Wé’t@? t

amoshESiR arrtast@mrrﬁmrlmwaﬂmaerémm suhﬁmt@mmhmfmher
removed by contacting the substrate with surlt)%ctant ﬁ{ﬁgﬁ car

solvEHEEIEH GYRECSRIAENH SRS E FHERCEapor D FFE Br% rﬂ

furtheysiaaerasae E@p@%ﬁﬁﬁ@hsuﬁwwqumﬁhemamm 20
Removal of solvent adhering to th rface of th strate is effected Pa/
T g AR LRS ROM e A PP o e e e

I@VGSM?%%!%@? Smpiyrs ﬂ@éeammbmﬁabotﬁemmmarrangmg from
boiling point of the halocarbon solvent can%g used. Methods of contacting

the ERSGIm 2t &P G C o0 RRILEeS aF S¥BPRRRIA R and can vary
widely. Formaaipecthesihsiiig Fandedrunentes didhesemponiptstion of

or the substrate can be sprayed with the compoagaﬂ using conventignal

equifitecmatshipritomHilBR B & BbsiRNE R S Untiorm

9en%r@étﬁdg%rrmemﬁbaﬁtwemsaam@qwafabmseme
surfaces of the substrate. However, any 30 otherm thod, which ca
Qiiagp

13asiusrsliiscarioambrapristia milydsoersgr lessihana

Over%ﬂl@t&t&t&t&@t&:@w@mgwgﬂa@ﬁwwmw 50 WOB0ECHed.can vary
widely. Usually, the cgntacting time is up.to a

2007/053672PURIEHeRERRACIS CRAHIR S %BW@igfofoW{j’é’reﬁrﬁ&cﬂm%{})ng of

" be ugedldkdpgiresl dreaseevabadi Rt Ibe dewaikkre psamessnthesirable on
contacting time is from about 1 second ta about 5 minutes. Ln $nother

embBirREREGROTHIR kg O 6N QIBARE TRARRLL 1 Rrhva glie on
285 sgreRrdsio ke didkTinslesdiaRidEinDeBpgstitiesecamdlsiosaryo the

widely depending, on the boilin the compositi n I ener
Conté}/&}ﬁ&@mﬁg& qgoéhﬂﬁ%rb/r Igigrt‘f’% Et ompo |t|o%r§anormt}§IG°atmg
boilinpigigiaks ard passambothimentidbe obthpasigiorib@bitebabdiyraf contact

oSO AR W IR LRE S RS Curs /by einn e there s 2
convgssipn &b mmmm@ﬁmmmsubamm@mmmmmw where
fluxes and I t
e pHeSEK R E P S MEBLRIORS e ROk rong At oo
methany, rﬁﬂ?&f@.ﬁs@émwmn’bb mtitts assocs tvithdhe raadivite head
tertiar gk ﬁgl ether §§ such as acetone), esters (such as ethyl

acet tW?/I H568 Oaf)e ropyl myristate and the dimethyl or
diisobutyl e@aessp:femﬁn:matgtgtﬁncmeaalpneanidﬂtgra!nmured indhepfpdustry

th h
 civeot SRR R A AR oY R TR Pl AREQRAE Wualy
3nydrdmuscraubb asri@ceemftm o@remﬁehcbamsrml@éﬂ@@dtymmlcant
heptari] S%g XR{Q@' &8%%0%1@% &%isk is contacted wsth the
trans dIC lor ne

n such a co-solvent is employed with the
presentudian pxﬁﬁuomlubsqastrmed@watmtmwlmwoﬁ)fm fhe solution,
brese &@&Ht?r\% pL oLl %]B] AR LY SR RGRARNL i RA Hrathwedanly
percent based on t e weight of the 25overall composition. In cleaning
apparatuses, including vapor degreasing and vapor defluxing equipment,
compositions may be lost during operation through leaks in shaft seals,
hose connections, soldered joints and broken lines. In addition, the

working composition may be released to #8e atmosphere 30 during
maintenance procedures on equipment. If the composition is not a pure

component, the composition may change when leaked or discharged to
the atmocenhaere from the adiriinment which mav carice the comnocition



WO 2007/053672PCT/US2006/042633 Accordingly, it is desirable to use

as a cleaning composition comprising a single unsaturated fluorinated
WSXHJ%QPH”- In one embodiment, the compositions of theppfge&Rdos/042633

disclosure are useful as cleaning compositions, cleaning agents, = .

depd@i‘f@@%@lmﬁ@éﬁﬁlﬁﬁ@ﬁ@ﬂﬁ@iﬁ@fdﬁé@iﬁgjﬁ%iﬂé%s%%‘? SHshepoint of

opeéqu%%r}&fﬁaﬁomgfﬁl%%gﬁm COMPRISSBR A il (HERASARER S other

resi olls and greases, and particu that r;gy contaminate the
r

surfaﬁé§mmp$éﬁbmﬁﬁiﬁ5ndf&%W@ \ﬁ%ﬁﬁﬁ f@ﬁ'ﬂﬁf@iﬁfeH%ﬁ%ethefe are
- presgt Q&Fﬂ%st QiTRlAIe S GhRIRE RSSO JEmRAYML Sl ifeBdRe of the

. surface or substrate 10 comprising contacting the surface or substrate

Swithctiste Aineycophipissitiof upentdricgaiglantnst diensdadhesniosabipns that
and Bmi%l%mfc eaﬁ.@'ﬂ%%@é&ﬁf&ﬁwMfﬁ}%ﬁ%@aﬁ@Im&eemﬁckness

residue from ning composition or cleaning agent. In yet another

emifdinrssiubiicpridemreniesliendhaeoisent svapgiatefor ERGRRyPoints
SUrEes i P AN ARLSqRIeRRARIS S aRENE RHERTFad B BBICEHRY effect,

removing contaminants from a surface comprises contacting the surface

havibgoesise iiaareasie arerianiiiproiwptsatiiibeimepreyoRurtenhgHem
140 Sebdiigaile compRinenis Ay, apietabie GeREna g g ce from

ning composition. The suiface is then 20substantially free of

~ contaminaMéren disanating ireiredslyr drpestiaemftuare diieai s
mays%é%@,%\ﬁ%dﬁﬁliﬁy-%esﬁ?égﬂg NAHIBENFRR W R LAIOL VBHRA & itSm the
and greases, flux residues, and particulate contaminants. In one -
emboineandrthr dassibamitedbirseliinal) Bache soraRsiension are

S\prﬂiﬁf&éﬁi%‘ﬁ&et@mw%é RNAHAERY thRIRG § ety Mapeluliant.

has the cleaning composition incorporated in or on it. In another

1 2mbbuarenesshbihese saranrcierdon oy iainnssthe daiprdddmghickness is
~ dippjng Qrdmmersing s slisk iR bhahibesieaning sonpRYiNs. G0bN in,
one embodiment of the method, the recovering is by removing the surf ?
that‘%@Mi&&@é&&@ﬁ%th&ﬁ!@éﬁﬁ%‘%&%@Qﬁ%%@ﬂﬁ"ﬁ _ %rs_‘isma?f‘ m
manel A As FraikeilNsthe Irethortinisdepasiynm A fisaselulsicant ao. 6,

a surface as described below). In another embodiment of the method, the
recoN@Nﬁ@"EQSngﬂﬁNing the cleaning composition that has been sprayed,

oflushed, or wipsekre foergiskitiorslindwrthddd idRrribedrytesiginatd herein
cleaning composition that may be left behind after the cor’r} etion (ﬂ$g‘1te £ the
previdis Redpades b expgtrdudthPY HAAHE BRSS! °
depesiioamnetnesaravelinile tedmatoetitnsiaahingiastsiof ehindyzmtion
applied to the same types of surfaces as the method for depositio E%S
dosdAXIRRaR HeSEHE I SRS Bl REECER A SR ehis ol Bp
silicg,fpapsnmete ieFtatinitthoaaattavarntibaeacay termpplisl to the
removed by the method. 1£IQIn the 'method dﬁg:ribed E'oveé cont%m%w@&te s of

23naydRuTHRARNRESAI MERRES ARMULHHY THePaisk With e dlaliing™ >*°P° ©
comppsiirAdesenesn hiéheidinkifront depattanifigeothpasiticaptnsysitit,

th bodi t, th thod al id thods of
rem VTG EBR A BRI prUGLERETES Wb P CroR ORI

any giesiardianingediopdeiiess by ceamaittinadbataridishvaheachieanitad)y

compasition of the present invention. For the purposes of G lenc : )

the (RIS TR RS RORPHMIER 1 AL R o oS DR el while the
360MBanents; sinhitirates.iEnvdioddle antissadthall istalidsititarefepstitutes

any surface or.portion thereof. Furthermo 0" '

oA TSR AR ARRE L e o e SrLiag tihe Ebe

articigithirethé spifit sstsan eadsquiacepicf the inviehtieneasidaiimgdy the

| exanéglgéﬁr&éh Cr?g‘?rp_tgfacture of semiconductor devices it is common to
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deposit a photoresist material onto a substrate to form a mask for the

etching operation and to subsequently remove the photoresist material 25
wWEPIAg substrate. The term "contaminant” as used herein is ip¢anged §9o12633

cover and encompass such a photo resist material. Hydrocarbon based

oils and greases and dioctylphthalate are examples of the contaminants

that may be found on the carbon cogigd giskgE4 one embodiment, the

present method comprises contactin'g;ﬁé'?()“é“ﬁicle with a cleaning

composition! BEtRESERBHINYE TR i pothesgtefisrd e dnlienive Magples.
MethRGHERANBS UAA SRR tHRRIE A MBS IHRRAIROERAG BAGEed

methods consist of exposing an article, preferably at room temperature, to

the vBRheENEMSIRighadansieBniissine Yyyery afiustration only. From
200708 M ERGRMRLRNCAMPHR3 £en0ERSIAG, U S@RIaGHNRKE @ an

advantage of providin? a relatively clean, distilled cleanlng composition to

wasIPaRRARdbePR BN fontaivmalibis Biyaniirscaskryitheihdepaiting

additfwﬁlme\@m%meébé@ﬁéﬁéfa’geg@v%ﬁétb%%%ﬂsé@iaﬂd

composition from the object 5leaves behind relatively little residue as
comarsifiesiivas afdhpHaremtienigadaptitipy MialfcHsasigod exasifiogs.
1gomposition. In another embodiment, for applications in which the article
includes contaminants that are difficult to remove, the present methods

involve raising the temperature of the?elddRisl domposition above ambient

or togmn_ﬁgﬂn@f fem ,qur,at,w,s,mat,fs?ef,, el imsurdraplsation @ 4E)
substantially improve the cleaning action of the cleaning COmposition. Tn
one siyeRhesisfibdralilaitdiesses are also generally used for large -

volume assembly line operations where the cleaning of the article,
1Sarticularly metal parts and assemblies, must be done efficiently and

ickry RO HiHRAIRGIE the @Bafing Melsyans e grédipropropene
invenfiamenmise imsraspinerdhaditialeta bockarakialiciie sleaningube
composition at an elevated temperature. In another embodiment, the |
cleafifg MFAIREL SR IR BIGHIR SR TCBHIBASRIHF IRy P ihiftle
to be@mimlww&zﬂmﬂ@f@sm%i@@s Apsa). thehBQlBALRY RS
20 the ¢leaning composition. In one such embodiment, this step removes
a suﬁgw’ﬁﬁpﬁfﬁﬂ{ﬁéﬁmmﬁwﬁcoﬁ&rﬁﬁ%ﬁ fieRATHRB ¥fas s out again
2anothttrembedimiiinthimaten prodvetsaoialsinea! inmeldedrigpleated
contgminant f{om the ar%icl\gr:. In one emgogéﬁgcgﬂt this step. is then followed
by i IAPIA e AR P R YIRS MR T pos B GhifRReNe
is atin thenpanadute betdvetivtdenpehiurasef the patidinleantrgased to 573
compositign.in the preceding immersjop step. In one such embodiment,
e DR HR e RS L Te L e SEA AR S FogRnedt and
temputistiiek tngiet BRI GRNI @IMOH, Cid! DRthed 26 Belndes ek vield,
tep of then contacting the article with relatively hot vapor of the cleaning

Ocomposition, by exposing the article to vapors rising from the hot/boiling

cleaGionversiposifiGaagsdeitid Fyto the4iEst mentioned immersion step.

In one such embodiment, this results in condensation of the cleaning

composition vapor on the article. In certain preferred embodiments, the

articlemaHhe ditdye(B22tH distjlkd Tiemias) waspdsisdribatoreding addition

rnsi t IS0 I that numerous varieties and types of vapor

deg r%%‘gi%lgtéé %ﬁé@@éﬁ%ﬁ@%ﬁg o LRRSH Wﬁh%t&iSrP%ﬁtﬁmgecgmedEd
3(bredorn prthedslisiilaibomeglet sndwstlipatenThadidsioperdtimets

disc t . ,Which isincarporated herein

refelr%?\%féo. h%fgaﬁfgr@egn% j?éc ?ﬁﬁﬁ%rﬁ @ic%%%gna e&%ﬁé’ sdvn?pe 0%03 mi).

confaintigrh wRaninig clenpasisibed avith sndiumprietainatafiieygvditei) ettied with

cleaQigs 69 TR Hed WRLRIFEE AL AR LS AR LR SRR e
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10The present cleaning methods may also comprise cold cleaning in
which the contaminated article is either immersed in the fluid cleaning

w&%mﬁ%% of the present invention under ambient or room teipp&I&isE642633
conditions or wiped under such conditions with rags or similar objects

soakeedehddbENhGooapbsition @gfkhé’ﬁﬂf@éér@ iniovaip ahasacierized by
luggq!
i R B e e B R e e S S B e 2P, -

compZsing @R nsaRRptaddIubtinstpghy@BearhopR) te RN 6.45) in
inven ontacgting said combination of fluorolubricant and solvent with
the &hffg&g ‘gz ogkﬁé%ratmg the solvent to form a fluorolubricant
goating on the surface. The most advanced highest recording
densities and lowest cost method o Sfarng, di 'aI information involves
writing and reading magnetic flux peErIs-fBrotating disks coated with
magﬁgt!mmﬂjlhﬁs‘iﬁ mmﬂ% We? %Mshmmﬂmm@w@@mtr@4&
a metallic support structure. Next an

e S earbor seeckmaterial, is placed on top of the
magnetlc layer for protectlon and finally a lubricant is applied to the

AT e Tl T e e

attemmnadmmmetkmwef(t%gmﬂiﬁunfmlepabreretmﬂﬁéeti@aré&ﬁind

agturer e reduced the distan g ad and the
agHaeg SRS L o G AR s S
ZOOM@WQEMWGMAQ@QMMWHW reethdisk cdivied out
applic lon, th head the disk surface |II ontact, To re
e R e S B A B B0
' 15ubrmaaltbdnﬁblb'iﬁluﬁrﬂéaamlamwﬂﬂm;uusbckaﬁllebr'ﬂmtsrg’athe phagesiias
disk [l t ictio t en the d and disk,
thatclg%re l\:l}(%eg eé{v}/ﬁ']ir%%g%:ere ortféerrrﬁr#r#?e he l0“'é.ﬁ’§.%|llty of dlgk*s
failuCaFi6eteOb e dd IBCINGTGGR Monihg) dueY Phepiedds for
deposition of fluorolubricants. The use of certain solvents, such as
CFC-113 and PFC-5060, has been regulated due to their impact on the
rsviersioroaihesttdil [ Sdlyents fiealf 2HEbe used in this application
5 hould consider environmental impact. Also, such solvent must dissolve
the fluorolubricant and form a substantially uniform or uniform coating of

fluordltibricsnt hdtinioriask emmémﬁn&maabamealfdumrt@m@
higha uprolificall COPCARILAIRNS %E@%&%‘Wﬂﬁ@%&?ﬁéﬂ%%

and 15produce irregularities in unlformlty olubricant ¢ atlng

In of#® érftiiBinich, thelesioroid iprpiaRasTahe preBant dfgb%gﬂi@mﬂ funnel

CO”WQé%iH’&F Ear%ﬂ'%?é'&?ut@ﬁ@&%mhm SIS 1AL § MPINYies)
X-1 P(r), which is c%ho@ghazene containing disk lubricant. Th&se
&

25perfilispepEiddth8s wederare e nehhreluiawassadded dropwise to the
perfiioalitiletheiss (R é@éxﬂﬂré'%8[9@8')5@'5%@6%‘?%@55’:@t@959

PFPE compounds range from simple perfluorinated ether polymers to

fundmmmrwmmg@a@ﬁérfm%r@ PRIEGonpsuiRtictien mass was
diffey ﬁu%\ﬁa\%?cﬂe@ﬁ“ﬁ Qf%ytﬁg E??J&W&é@%?{ﬁﬁ&@%e{%ﬁ% The

invention are availa vera sources. In erem

useRIPZEMsraRIbiRsARd MitRH prdsparinnenal thvetfodiriods batine
3010t BBIIRAIC KOG GHB A0 Glteitin a&:&waléﬁé%héﬁgﬁ @Hdefkn 0

Nemours & Co., Fluoro roducts, Wilmington, DE 198 Fomb

z- Datrﬁeeghesgmﬁ&me THepeAUst: E&ﬁﬁ.ht%&a@mo@%)p@msml
(SO'Q%‘*%O"’I?%Q'EK&?&%&M WReairR e a8 T R A0S %@54(01:3,

(offered
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30Daikin America, Inc., Osaka, Japan); X-1 P(r) (a partially fluorinated
hyxaphenoxy cyclotriphosphazene disk lubricant available from Quixtor
waesinglagies Corporation, a subsidiary of Dow Chemical Co,Pditiizgm(6/042633

200 O8e T HCH G 6O ARR A EAOTMGIEbIy A LG e ™ 27

gene[abgirygid @F@H,Cf@»fa“rmm :@m@s adereihiorefgesdroontion.

to 60. The Fombline lubricants are functionalized perfluoropolyethers that
range in molecular weight from 500 to 4000 atomic mass units and have
general formula X-CF2-0(CF2-CF2=RmR@E2®q-CF2-X, wherein X may
be -CH20H, CH2(0-CH2-CH2),- OFI,CHZOCHZCH(OH CHZOH or
ACH20-CH2-piperons¥HAesSeehidraT NESIS ﬁt@ether based

- oils W@dpgﬂpg{gﬁ[mm%mo to 8400 atomlc mass units.
Addﬂona:é new Iubrlcants are belp]% developed such as those from

Mortsko T RhiifR106b O 9dNAIRIANA £ ba- TERIG P HRPRREJAE O™, 0.45
_ 'nve&w@) RetBathided 10'a Hooral Pricasis e gresqlb i vedtinaatealto

additionally comprise additives to improve the ﬁﬁé_opertles of the

fluorHAbHIRRS ROLISHNART G IRES D S SRS HEFBRRXIHEL AT &R (4.14

1(Rddggp pthw@wmmw@{eéewaﬁm@rmm HRe 110 gm of
durab|I|t3§§ of disk drives by 15 asswatln Lewls ¢id sites on the disk

surféeE¥eShi %Q@*@Fpﬁﬁ eG4, I{%N fhmon lubricant

additives may be used in the fluorolubncants of the present inventive
methods The quorqubrlcants of th resent invention may further

St dyE-FeEhnologies, San Jose, CA),

a PEP@DEWM@@ M&Mﬁl@ém@@ eﬁmpgfe@mﬁtﬁ Bemaigigpahtian addition
end-groups serve the same purpose as@edlb‘?‘? ), thus providin L& same

Lystabiifaigns canpesianie. |8F? ‘fm&é‘ ﬁ‘?‘?ﬁé@f’
be deReFHer WaarphdrgetidvatiiRepibayinrvhentdio fmm pdtsssiion hydroxide

cur oL St BB AR G AL e G I (109 g

. repf@%ﬁﬁ@h@ wbdhelbprsfdad f@ﬁﬁﬁz\f@ewtﬁcﬂhéﬁedaﬂmdﬁr@fdf@t 42°C

pre ntlnv e us ful, The present inventive meth rticular,

g R S S R G
2¢he m@du&t@ﬁetﬁieeﬂ mmpﬂthedlakk thﬂmm:m@yma piirasiesy; the

alu |num bstr.at W ers of m IS also_cpated py

vap BB M ABRR et AR Do e e e e

hydregsinededitbrwniter andeddvidr bdgSThand/ @istilled. The product, F13IE (41

2007/0536/2PCTIUS2 4 633, fluorolubricant. ma

tne PR IR 5] G ISR RS ot TR ME 167 8

layeqoH the disk.77. 1 ToF Brahssen, ofs@mFag the Ay gnattlriofmnantsolution.

solvent may be accomplished in any suitable manner such as mixing in a

suitable 5 container such as a beaker or other container that may be used

as a bath for the deposition metho@&XARIRUG dubricant concentration in

the unsaturated fluorinated hydrocarbon solvent may be from about 0.010

perrcgq{tg\lgglxg/t: ¢%§%§}Qté@l@@%@t (wt/wt). The step of contacting said

co Ivent 10 with the surface may be

accomplisiedl dnebypfih AN apatioereiexor-said (20acencéheRiEdinptab

Siz [

SRR e AR MDA PR DRI, and
30hropgrittesdedhy e didecerfiérogme sl malalivkenliafdedbtorel! o mi

vertigglichtohiaanine Rl iR sk i pserliedidarihatesolvent

bath. The mandrel may have different shapes including but not limited to,

a cyAivinasgEr PERSSVIShyaalysis. afitbeiadustdma Qineiairsihe
areq, RGOS WHE theriely JbernaBdreldray ke anysiniriad afamct (3.3
material strong enough to hold the disk, including but not limited to metal,
metal alloy, plastic or glass. Additionally, a disk may be 20 supported

vertically upright in a woven basket or be clamped into a vertical
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position with 1 or more clamps on the outer edge. The support may be
constructed of any material with the strength to hold the disk, such as

W@%&@Mg&tﬁl alloy, plastic or glass. However the disk is suppoplegdihariaksss
will be

owered into a container holding a bath of the
fluofefatieantsotherraryesinnivitb s, 4H& Saththfapufurieheschene was
tempgratyre or be heated or cooled to temperatures ranging from about 0
C to about 50 C. Alternatively, the disk may be supported as described

PeiivifditRe? by lowering the bath or by
raising 30th@ydigkitidperents el ientsRiFgHGAPMIAGLAn 6isBRe a

drained into the bath. Either of the methods for contacting the

HuofBIGERERR SHivéat detapmassyiad didorKk AnAHEt Yribrrel fevising

the diskdfimfelathiorooih 200THRRRIGRITHE RRRRRY2639 63ISHBR r
bath to immerse the disk are commonly referred to as di coatin%%hOther
@%@yg e

methBBERIPEIRa MR ARESER I wittersHl iBIlisRE e iba

compiratiortsaybsrosefinchefsesetavenivadme o disiendinge
spraying or spin coating. SWhen the disk is remov%d rom the bath, the )
i ROl PR BI BRI 2 Skl MesPUcAsprepared in

10(u nsimm@ltﬂw?égat@@t’dsm@m @t_kmpbgﬁldts Wf'ﬂﬁ@.%é(@ﬂﬁﬁt esiterliReMBRted
may, be evaporated. poration is usually performed at room
M TR PG R T LS
tem(i2atEre Rfmely hedupetasoribies e\ RpRsatPoey solution, the
Tem%TratL%rzes rané}%%fro bout O C to about 100 C maébe used for
evaporation: e cBNE R FRURAN e Wridlrds 43k Sopfpws the
conzpletapecisatirepatitgrve tbpdhwillipatefingiprssbstantally, uwrdatitated
or uhiform ‘c(?atinPg_Qof fluorolubricant thaf is substantially free of solvent.
The 15fRIOrIISTEARPHIA? FE A RiEE8 SRR EUT sy thariapssition of
30Gmajurihaiedreitayitoadhiekngiss of about 100 to about 300 nm.
A uniform fluorolubricant coating is desired for proper functioning of a disk
and so areas of varying fluorolubricant thickness are undesirable on the
surface of the disk. As more and morggblergation is being stored on 20
thessame-size-disk,thereagiwriteheac-mustgetcloserand closer-to the
di ;!??1 order to fur;h'rion pra erIy?ﬁ%ﬁe% nﬁ%’%g due to varsﬁ%ﬁlpﬂﬁﬂ'%@ﬁﬁ%
th| kBRI 19%%%Ent on the surface BYSFRiSisk, the frobability- dEetsatact
of therlhe&Plithbthiese areas on the diskdsienuch gregter. White Higjens a
desire 10 have enough fluorotubricantomrthedisk-to-ftow-inte-areas-where
25 it may be removed by head contact or other means, coating that is too
20 thick may cause "smear," a problerEx@ryn@@d with the read/write head
picking u 0 [ ; ecifi ng thickness
irregularig\ ogser?gjt ir??ﬁlggji Lpﬁ%?rﬁf%@aér@o%vﬁ%%ﬂﬂﬂgg%‘b%%ﬁ g??%"of
effEROWRNBIFREGithinewala viBlRIRpBD YRt @ipghie ageicarsf then

diskiaHRedeROPHABSI ﬁwa‘qr,q'Hl?ﬁi,%e}@%i@97@%?32@%9{5‘8%3\%%cr?onct~3-

systems. When the disk is contacted with thé $olution ‘of flucrolubricant |
sol6BRt Erd et BmRRID tRFAPBTatsHRItiGRSERUPEIn W ashionaeTeamd atidhn
25 ManipeREHaAairaAROLHS! 3@9 -
2007/053672PCT/USZOC}g%PZCgSg 3 g&&é\ﬁq Srope st LeRdiandyhe peregnt of

reIfERAYESHYEshdelgERipemt Jihaep RSHitith Talke &shmwtthelihor
poistB)amitih HReRANGE STISRISEPUPBRIASRY SRvtLIAG digk. When a
V-shaped mandrel is used, there are two contact points at which the
mandrel contacts the inside edge of the 5 disk. When solution of
fluorolubricant forms drops in these locations that do not drain off when
removed from the bath, an area of greater thickness of fluorolubricant is
created when the solvent evaporates. The two points of contact with the
disk produces what is known as a "rabbit ears" effect, because the areas
of greater fluorolubricant thickness produce a pattern 10resembling rabbit
ears visually detectable on the disk surface. When dip coating is used
for depositing fluorolubricant on the sug#ce, the pulling-up speed (speed
at which the disk is removed from the bath), and the density of the

fluorolubricant and the surface tension are relevant for determining the
raciiltina film thickneace nf the fliiorolithricant 15 AwAarenece nf thece
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20All of the compositions and methods disclosed and claimed herein can

be made and executed without undue experimentation in light of the
worasenissiselosure. While the compositions and methods of thiscmwrsntiem42633

have been described in terms of prefefred embodiments, it will be

apparent to those of skill in the art that-#&#Hatfons may be applied to the 25
comrspiions Anchhethods angdwt sheospepsitarin the/iseguenae of Frepsaf soil
thd method desesibedhggein WibamRRAtGToMAbE RARRRPL Iiioved
and scope of the invention. Mare, specifically, it will be apparent that
cettain cleaniing compositions oorl;cleaninq agents which are chemigally
related tay be sub&éifed for|the comfpd8itions descril@@Hsrein while th@
30[same or similarpegigés woyld be aolagaed. All SUCh Rimdigy SUDSUTUTER)

ang-muogificgtions m‘)pfggnt toithose %%ﬂﬁh&ﬁﬂ—&tﬁge}?ﬁted—?e—b&—-”
within-the spirit_scope _and cdncept of the invention as defined bylthe 190

appended claims. EXAMPLES The present invention is further
defined in the following Examples. It should be understood that these
Examples, while indicating preferred 5 embodiments of the invention, are
given by way of illustration only. From the above discussion and these
Examples, one skilled in the art can ascertain the preferred features of this
invention, and without departing from the spirit and scope thereof, can
make various changes and modifications of the invention to adapt it to
various uses and conditions. 10 EXAMPLE 1 Synthesis of 1,1,1,4455
6,6,7,7,7-dodecafluorohept-2-ene (F14E) Synthesis of C4AF9CH2CHICF3
15Perfluoro-n-butyliodide (180.1 gm, 0.52 moles) and
2,2,2-trifluoropropene (25.0 gm, 0.26 moles) were added to a 400 ml
HastelloyTM shaker tube and heated to 200C for 8 hours under
autogenous pressure, which increased to a maximum of 428 psig (3.05
~Mpa). The product was collected at room temperature. The above reaction
was carried out again 20 at these conditions and the products combined.
It was then repeated doubling the amount of perfluoro-n-butyliodide and
2,2,2-trifluoropropene in the same 400 ml reactor. In this case the
pressure increased to 573 psig (3.85 Mpa). The products of the three
reactions were combined and distilled to give 322.4 gm of
C4F9CH2CHICF3 (52.2735 mm) in 70% yield. 25 Conversion of
C4F9CH7CHICF3 to F14E C4F9CH2CHICF3 (322.4 gm, 0.73 moles) was
added dropwise via addition funnel to a 2L round bottom flask equipped
with stir a bar and connected 30to a packed distillation column and stilt
head. The flask contained isopropyl alcohol (95 ml), KOH (303.7 gm, 0.54
moles) and-water (303 ml). Product was collected, washed with sodium
metabisulfite, water, dried with Mg504 and distilled through a 6" column
filled with glass helices. The product, F14E (173,4 gm, 76%) boils at
78.2C. It was characterized by 19F NMR (3-66.7 (CFs, m, 3F), -81.7(CF3,
m 3F), -124.8 (CF21 m, 2F), - 126.4 (CF2, m, 2F), and -114.9 ppm (CF2,
m, 2F)) 1H NMR(8 6.416) in chloroform-d solution. 5 EXAMPLE 2
Synthesis of 1,1.1,2 2,5,5,6,6,717,8,8,8-tetradecafluorooct-3-ene (F24E)
Synthesis of C4AF9CHICH Q2F5 10Perfluoroethyliodide (220 gm, 0.895
mole) and 3,3,4,4,5,5,6,6,6-
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nonafluorohex-1-ene (123 gm, 0.50 mole) were added to a 400 m|
HastelloyTM shaker tube and heated to 200C for 10 hours under
autogenous pressure. The product from this and two others carried out
under similar conditions were combiggedh#ig washed with two 200 mL 15
portions of 10 wt % aqueous sodium bisulfite. The organic phase was
dried tR/&¥Hjcium chloride and then distilled to give 277.4 gm of
C4F9CH2CHICF3 (79-81Ci 67-68 mm Hg) in 37% yield. Conversion of

C4F9C1- Jaz-1 ,G2F5 to F24E 20 A.1L rQ ipped with
a mechanit%%?m%%,fgﬁm%vﬁ%ﬁ% ,‘c%%étbﬁge%%gﬁgbt%%%&p € was
gharged with) G4FACHNITIHE GARSCR Witk o0 iimles)aptsisgprbisasd
(217.8 g). The addition,fun : ith-gs0ut] '
hydroxide (74. 8 Ufi%p?}jﬁ%{%e%;ﬁ@?ﬁﬁlggﬁ\%&ﬁ B8_3.8 %ﬁ%‘%%?ﬂ%@sﬂﬁém :
solution was agfder deopistis tof tenfReKWRH AHIE gﬁ@rfﬁ@@ﬁ@r&h@r Z-
course of aboyliene hairas the dermpesaiire iy iRgeasestfom 2.6 40

42C. The reaction mass was diluted with water and the product recovered

by phase sepgﬂiﬁ%ﬂ%%'ﬁ%%t We RSB U SO Y SBrHaRs 3140
14Vt % aquegus-sQslitph3Q-Risuitaa e wates odigsbelircalcium chioride,

and then distilled at atmospheric pressure. The product, F24E (128.7 gin,

63%) boils at 95.5C. It was characterized by 19F NMR (6-81.6 (CF3, m,

3F),.:85.4(CF3 0 2007/053672PCT/US2006/Q42633 m 3F). -114.7
o B e D AR S e R ane RegiE lstohadady o
(CF2, m, 2E)Fa@FABFPONR (B-6CH)in CRIGIBi0Im<so Ul #XAIGPLE 3

S e

19,2 2-triflu6propEabs(4270G b A nidteS- e e ddded ¢ 406 M.

rasterloy ENCalakenBRe B eaiadoiRy oL, pousindeTCar 1
autogenous pressure (maximum of 585 pﬂgﬁf 1 1?O-MPa ). The product
was collected itrSoletentdtaiur& 51§ 1e gntefit 10, CsHals, 0F CaHF 12,
- (CF3)2CFCH2CHICF3 (76-77C1200 mm) in 62% yield. Conversion of
(CF3)2CFCH2CHICF3 to F13IE A 500 ml round bottom flask was
equipped with stir a bar and an addition 15funnel and connected to a short
path distillation column and dry ice trap. The flask was charged with
isopropyl alcohol (50 ml), potassium hydroxide (109 gm, 1.96 moles), and
water (109 ml). (CF3)2CFCH2CHICF3 (109 gm, 0.28 mole) was slowly
added dropwise via the addition funnel at 42C During the addition, the
temperature increased from 42 to 55C and the 20product distilled out of
the flask. After refluxing for 30 minutes, the temperature in the flask
increased to 62C. Product was collected, washed with water, dried with
MgSO4 and distilled. The product, FI 3iE (41 gm, 55%), boils at 48-50C
and was characterized by 19F NMR (5-187.6 (CF, m 1F), -77.1 (CF3, m
6F), - 66.3 (CF3, m 3F) in chloroform-d solution. 25 EXAMPLE 4
Synthesis of C4AF9CHICH2C2F5
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
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30 perfluoroethyliodide (153.6 gm, 0.625 mole) were added to a 210 mi
HastelloyTM shaker tube and heated at100C for 8 hours'under
autogenous pressure. Analysis of the product by GC-MS indicated the
presence of C4F9CHICH2C2F5 (64.3 GC area %) and the diadduct (3.3
GC area A); the conversion of 3,3,4,4,5,5,6,6,6-nonafluorohex-1-ene was

80.1%. EXAMPLES The ability of unsaturated fluoroolefip comlFou ds to
Hissolve3a SAlBARERRA AT Fiae dbRRTREFB G AT 8 e oil

~ to the unsatyatedfiuercolefisr compauad atnibheonixinsatbedamiuoriiged
or separate(zﬁilnto two phases. Th 1gesuliﬁ in_ Table 1 show that the
unsaturatec WGSPGRIRAR CorRESRATFRIE FIGHO S TETaBSIS the
fluorinated @itAg AfltioeC B SABHOR GGG 0 fGhie-wlMias Prefated in
10the unsaturated, fluproolefin c n thi ample, -
unsaturated ﬁrogéﬁﬁ&v%lééps” %3&9#_8(&351{(%[—9[%3,@ﬂzudﬁ%H(Cm)z,‘ ‘
A41,1,2,2,5, 56161 A 88 st ded Fafitioro e E2:ze hEiEZ AR (Peweighed
metal counqas-yeke AIRRRL Bi-isselliordhe solventvprargred, and

the coupon eighed. Table 5 Shows the average coating obtained b

this dip coafiitspeteisCinkds, thbafarktdadsiltoredttinT Eriipdunasican
e used as eaianduisiinnine degopleraHfiedigujedraionmio a
substrate. Table 5 Oil Solubility in F2_4I§'_ %ogq)té gn}&hlc ? Kr %\%E‘:
102 oil miscitieZ g igithekiviexEpy 2456 b madibfe E.‘gc%& &
- 2PExample@ Fgrvtex 61k, 106,00 wasOrir¢-gntn a clean metal coupon,
of known weight, wyit a eco ighe in.an n
cleaned by %%%ﬁévq??%%%%@g ; -fé%é@?gacf%&gé%t-&
ene (F24E) @i «OHeOPelay e F ThiesoHbh Wag.immersed for 1 25 -
minute then, aiL. drj h 0 t Wel and the percent of
oil removed(@ggﬁggr%ﬁg(@%g%%fu%%ﬁ?ﬁé&%how that the
solvent has @keelléiteificichicyGhicle 46 Biréritatef bils. Table 6
30 CH2=C(CF3)CHECQF5,' CF3CF2CFQC(CH3)=CH2,
CF3CFQCFZCH:CHCH3, CHszHCHéCFZC?_Fs,
CF3GF,CF=CFCaHs, CH=CHCHCF(CFa):, S
CF3CF=CHCH(CF3)(CHa), (CF3)2C=CFCzhs, (CH3)2C=CFCF,CFs3,
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Sample Wt. of coupond before coating Wt of coupon after coatinE; with
Krytox oil Wt of coupon after cleaning Percent soil removed 10.6782
w2 63%4319,6786 99 2 10.4968 10.5328 10.4967 100 3 10. #LBAtishA8633

| Claim; 1. thex ' Si
surace coM ARG A Boraai TS ot o ot ot
comprisingat (esCHRFaBSatyaiet FudirrGitohiddesdrhon selected from
th isti d ' -
TR O R e ML S e foA e LA s to o
. perfIuorpa‘kﬁ@ﬁi%ﬁﬁz(:f%@%W@Eﬁ@&é‘éﬁk@%bﬁﬂﬂz@hﬂ,10(b)
gecovering dhe suriace (OB Ne L OMPAS BRNC H=CHCF2CF,CF2-, cydlo-

10.7183 1

10

15

20

25

CF,CF=CECE,CFaCF 2, CFy=CHCFBr, CFy=CFCBrH;,
CHF=CBICFs, CHF=CHCBIF,, CHF=CBICHF,, CHBr=CFCFs,
CHBr=CHCFs3, CH=CBICFs, CH,CFCBIF2, CFBr=CHCF;,
CFBr=CFCE;, CHy=CBrCF,CF3, CHBr=CHCF,CF;,
CH,=CHCF2CE,Br, CHa=CHCBIFCFs, CF3CBr=CFCF,,
CHsCBr=CHGCFs, CFsCBr=CHCHs, (CF3)2:C=CHBr,
CF4CF=CBrCFCF3, GHE,CBr=CFC5Fs, CFo=CBrCHFC,Fs,
CHBr=CF(CF3)2CHF 3, CHy=CBrCF2CoFs, CF,=CHCF,CH.CBIF,,
(CF3)2CFCBr=CHa, CF,=C(CH,BrICFs, CHp=C(CBIF)CFs,

A{CF3CHCH=CHBr, (CF3)2C=CHCHBr, CH=CHCF(CF3)CBrF,

CF3CF,CF2CBreCHy, CFa(CF2)sCB=CH,, CHCECFCCIF,,
CHCI=CCICF3, CHCI=CHCH,F, CHOIRCFCH;, CHy=GCICH,F,
CHF=CCICHs, CHz=CCICCIF,, CH=CFCCLE, GHCI=CCICHF,,
CHCICHCCIF, CHF=CCICHCIF, CCL=CFCH,, CH.=CCICHCIF,
CHo=C(CHF2)CCIF,, CHy=CHCF,CHCIF, CHCI=C(CH3)CFs,
CHp=CHCHCICFs, CH:CF=CHCCIF,, CH2=CCICFCFs,
CHCI=CHCF2CFs, CHp=CHCF,CF2Cl CH=CHCCIFCF,,
CH:CCI=CHCF3, CFsCCI=CHCHs, CHo=CHCCIFCHCH,
CHp=CCICCIFCCIF;, CHa=CCICHCOIF,, CHy=CHCF,CHC,
CHo=CHCCIFCCIF,, CCL=C(CH3)CFs, CCl=CHCH,CFs,
CH.=CFCCIFCCIF,, CCIF=CHGHs, CHCI=CHCF,CHs,
CH,=CCICF,CHs, CHaCH=CHCCIF,, (CF3),C=CHCI,

‘CF3CH=C(CCIF2)CF3, CHCI=CHCF2CCIFCF,

30

CHCI=CHCF(CCIF2)CFs, CFsCF=CCICF,CFs,
CHCI=CF(CF2)2CHF 2, CHz=CCICF2CoF s, CFo=CHCFsCH,CCIF,,
(CF3),CFCCI=CHz, (CF3)2CHCH=CHGL, (GF2)2C=CHCH:CI,
CH,=CHCF(CF3)CCIFa, CHp=CCICF,CF,CoFs, and
CHOIECHCFE,CF2CoFs.
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. 2. The method of claim 1 wherein R1 and R2 are, independently, CF3,
C2F6, CF2CF2CF3, CF(CF3)2, CF2CF2CF2CF3, CF(CF3)CF2CF3,
CF2CF(CF3)2, C(0F3)3, CF2CF2CF2CF2CF3, CF2CF2CF(CF3)2,
15C(CF3)2C2F6, CF2CF2CF2CF2CF2CF3, CF(CF3) CF2CF2C2F6,
C(CF3)2CE202F6, CHE2, CH2F, C2h1F4, C2H2F3, C%H F2, C3HEG, k
c3Hrs, CINB Ao PEIRTE A4S S pRAEBOBRITED] TYahFR R g ses an
Géidsd 2ropblarthenmiethod of claim 1 wherein said unsaturated
fluorinated (ydiaeABRN RS AAMAIRGS BBAS RS HRRRMIALR or

fluorinated hydrocarbon is selected from the group consisting of:
(OF3)2CFCHagrain saie rarpestien ditbel oPyIRSREERFCIONERb CHI 2,
CF2=CHCF2CH2CF3, CF3CF=C(CF3)(CF-13), CH2=CFCI-1(0F3)2,

(P0G LS AP Al SRR R shed o

CRBC(EH B} O ORBpEiaEAYHCF2CHFCF3, 0H2=C(CF3)0H20F3,
CF3CH=CRGHRHRe CRAF HEEHH foRaHRRRIICF=CF2,
CF3CF2CF=CFCF2CF3, (OF3 20=,C}3CF3)2, (CF3)2CFCF=CFCF3,
25(0F3)2c£b‘il%§&§7ﬁf’§f€?ﬁ ERBEROCH=0H2, 0H2=CHC(CF3)3,
(CF3)20=C((T HB)ERSNE biZic ERCFITH (E FH) DOURGCR=0(C HBNDRITR3,
CF3CH=CHCH(CF3)2, (CF3)2CFCF=CHCH3, CF3CF2CF2CF=CHCH3,
CH2=CHCF2CF2CF2CHF2, (CF3)20=CHCF2CH3, _ _

30C¢H2=Cc e sjeinod sEgai Jowbeiesbisisaiestng is accomplished by
GFIRGEREFRGHEGH#AR GHReOHBHAGHE 2k BREFRCE2CH C2H5,

H2=CHCH2CFE(CE3)2. CE3CF=CHCH 3), (CE3)2C=CFC2HS5,
BN SR S R e
(CF3yhe=D(06NNPesBTFe T RIOFZEPEST eftihe Gptitesirichibs,
GG CF2CF2C2F5, CF3CF=CHCF2CF2C2F5,
CF3CF2CH=CFCF2C2F5, CF3CF2CF=CHCF2C2F5,
CF3CF2CF2CF2CF=CHCH3, CF3CF2CF2CF=CHCH2CH3,
5(CH3)2CERFOHRGFICRINGy covOFIQH 2 i OFRGFRC FR- alidkin the
ng Eﬁ&f %e%g%qgt% %%ﬁ%%%%ﬁéaﬁl:c%zﬁﬁ%% osition, wherein the
CH =C_BrC_F3, CHF=CHgBrF2, CHF=CBrCHF2, CHBr=CFCF3,
eMBRsHiTE 3t e lpmreEE eI OMRIBRCRIEY e ERLEIReSINg step,
6ERFaEIFCF3, CH2=CBrCF2CF3, CHBr=CHCF2CF3,
10CH2=CHCF2CF2Br, CH2=CHCBrFCF3, CF3CI3r=CFCF3,
CH3CBr=CHCF3, CF3CBr=CHCH3, (CF3)2C=CHBrl
CF3CF=CBrCF2CF3, CHF2CBr=CFC2F5, CF2=CBrCHFC2F5,
CHBr--CF(CF2)2CHF2, CH2=CBrCF2C2F5, CF2=CHCF2CH2CBIF2,
(CF3)2CFCBr=CH2, CF2=C(CH2Br)CF3, CH2=C(CBIrF2)CF3,
15(CF3)2CHCH=CHBI, (CF3)2C=CHCH2Br, CH2=CHCF(CF3)CBIrF2,
CF3CF2CF2CBr=CH2, OF3(CF2)3CBr=CH2, CHCI=CFCCIF2,
CHCI=CCICF3, CHCI=CHCH2F, CHCI=CFCH3, CH2=CCICH2F,
CHF=CCICH3, CH2=CCICCIF2, CH2=CFCCI2F, CHCI=CCICHF2,
CHCI=CHCCIF2, CHF=CCICEICIF, CCI2=CFCH3, 0H2=CCICHCIF,
200H2=C(CHF2)CCIF2, CH2=CHCF2CHCIF, CHCI=C(CH3)CF3,
CH2=CHCHCICF3, CH3CF=CHCCIF2, CH2=CCICF2CF3,
CHCI=CHCF2CF3, CH2=CHCF2CF2C1, CH2=CHCCIFCF3,

" CH3CCI=CHCF3, CF3CCI=CHCH3, CH2=CHCCIFCHCI2,
CH2=CCICCIFCCIF2, CH2=CCICH2CCIF2, CH2=CHCF2CHCI2,
25CH2=CHCCIFCCIF2, CCI2=C(CH3)CF3, CCI2=CHCH2CF3,
CH2=CFCCIFCCIF2, CCIF=CHC2H51 CHCI=CHCF2CHs,
CH2=CCICF2CH3, CH3CH=CHCCIF2, (CF3)20=CHClI,
CF3CH=C(CCIF2)CF3, CHCI=CHCF2CCIFCF3,
CHCI=CHCF(CCIF2)0F3, CF3CF=CCICF2CFs,
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30CHCI=CF(CF2)2CHF2, CH2=CCICF2C2F5, CF2=CHCF2CH2CCIF2,
(CF3)2CFCCI=0H2, (CF3)2CHCH=CHCI, (CF3)2C=CHCH2ClI,
CH2=CHCF(CF3)CCIF2, CH2=CCICF2CF2C2F5, and
CHCI=CHCF2CF2C2F5. 4.The method of claim 1 wherein said
composition further comprises an aerosol propellant, and/or wherein said
composition further comprises a syrfac Insaj ient or
composittFFEIRHEF &G ﬂ%@gna'%(ld)?go %/%%?%&#\%Fsr\{r@%o% oéfa‘iflj;inr%bfm
rydaeEeinphataantacting is accomplished by vapor degreasing and
preferably wherein the vapor degreasing is performed by: (i) boiling the
composition; and (ii) exposing the article to yapors of the boilin i
cofpoditiemBTPHORHB P W@Bfﬂ’ﬁ*%@rﬁgﬁ%%ﬂé}n@aﬁa i B
rassoneRlishehbyigResing tatianticld axsaitigthmpubiton WAROFEIATiHE
composition js at a temperature greater than ambient or room '
Béfﬁﬂ’i’l%s,ﬂb%ferably wherein the composition is at a temperature of
about the boiling point of the composition. 7.The method of claim 6
C?gyprisin@ea,ﬁﬁh@mgam{e@m% th%:ﬂ&iélﬁ_ﬂiﬁbth@ﬂwﬁﬁmmhdiﬁbﬁﬂ@ﬂ_/step
of Immersing the article in the composition, w the composition is at
vépiaeniferatife ihe? ?h%etﬁastoggﬁ%fe)' ??r['llg? i%qmgéaéﬁ%%étep, preferably

wherein the composition in the second immersing step is at ambient or
rogm temperature . 84 INCimeARabrisiRERt eoraiisage atieiptisng:

second immersing step, the further steps,of boiling the compositi
exposiAl thecartering 2dbers Pt GING 88%6%“ S ?Om’%?ﬁﬁ?mﬁé%ﬂ%én
LEslaimek mberaiadhe sevasing issatebimplishedoymipiistig afticle

ith an object soaked in th O ihe theg it
ROGHIRHCH A o HLCK L Ben s ‘h;%@“@;’ffb op Lrw0 2

) a
vihoeubtisanRéacea isdieendenin. Solve s &Hﬁé?ﬁ&‘%lrﬂg@ﬁtﬂatgd to Ce
"d%m@r%giEMg{r%ﬁ‘éb@“féﬁw'?ﬂ@ﬁrf@m—ﬁ@wgﬁowmﬂnsimg of unsaturated
yar

uorinate ocarbons having the formula E- - = .
wherell) IR1 §rifaRBNG &SR Hé{é%rﬂyc}ﬁé{? E%ﬁ%@%%%aﬁ@?&r@ﬁw%g g?,d
B

C to Ofshydrefiuesasicg rospsen form hauiiasatia SREN? SuRBIRIR
%t.conta%t]in% L}Ir'{%c%ombination of lubricant-solvent with the surface; and

< l(El\gaopnoraefing e solvent from the surface to form a fluorolubricant
coating on the surface. The method of claim 10, wherein the
surface isthat-efacseptisanducionmaterial; metaterischatotiassvugriductor

n?aet%(r)ig{}%ge%a r t%?er%élgclaa;(?éé, %a%%‘é%b%ﬁéﬁ%%&fgmss,
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wherein the magnetic medium is a computer disk. 12.The method of claim
10, wherein the contacting step is accomplished by dipping or immersing
the surface in a bath comprising the fluorolubricant, or spraying or spin
coating the surface with the fluorolubricant. 13.The method of claim 10,
wherein the fluorolubricant concentration in the lubricant-solvent
combination is from about 0.02 weight percent to about 0.5 weight
%WFI%HWPWh@rein the evaporating step is accomplished at a
temperaiuge:bf frenmabostid fEdoabs @ FOTUEIESKwherein the
fluorolubricant comprises a perfluoropolyether, preferably — wherein the
fluorolubricant is selected from the group consistinﬁé)f erﬂuorogrglé/;feWeg

and Inixtufls theieast. of £ rHbe¥B T MRFARG AT 1 S5 hoHion bf wa e%ry
S ihe sHHRsaRf Bevalied subatrate, aaigogdss bovmprisiisgna)r

contacting the substrate with the c sﬂ{jgg,%g@m 1, wherein the
%ﬂﬁ&ﬁf&?%%?@?} Trides a \smlﬁ%r%%ant, and then b)removing the

substrate from contact with said composition.
13. The method of claim 10, wherein the fluorolubricant concentration in the

lubricant-solvent combination is from about 0.02 weight percent to about 0.5 weight

percent, and/or |
wherein the evaporating step is accomplished at a temperature of from about

10°C to about 40°C, and/or
wherein the fiuorolubricant comprises a perfluoropolyether, preferably

wherein the fiuorolubricant is selected from the group consisting of

perfluoropolyethers and mixtures thereof.

14. A process for removing at least a portion of water from the surface

of a wetted substrate, said process comprising:
a) contacting the substrate with the composition of claim 1, wherein the |

composition further comprises a surfactant, and then
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b} removing the substrate from contact with said composition.
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