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BACKGROUND OF THE INVENTION

Vapor degreasing and solvent cleaning with
fluorocarbon based solvents have found widespread use
in industry for the degreasing and otherwise cleaning
of solid surfaces, especially intricate parts and
difficult to remove soils.

In its simplest form, vapor degreasing or solvent
cleaning_consists_of exposing a room temperature object
to be cleaned to the vapors of a boiling solvent.

~ Vapors condensing on the object provide clean distilled

solvent to wash away grease or other contamination.
Final evapofation of solvent from the object leaves
behind no residue as would be the case where the object
is simply washed in liquid solvent.

For difficult to remove soils where elevated
temperature is necessary to improve the cleaning action
of the solvent, or for large volume assembly line
operations where the cleaning of metal parts and
assemblies must be done efficiently and quickly, the
conventional operation of a vapor degreaser consists of
immersing the part to be cleaned in a sump of boiling
solvent which removes the bulk of the soil, thereafter

.immersing the part in a sump containing freshly

distilled solvent near room temperature, and finally
exposing the part to solvent vapors over the boiling
sump which condense on the cleaned part. In addition,
the part can also be 'sprayed with distilled solvent
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BACKGROUND OF THE | NVENTI ON Vapor degreasing and sol vent cl eaning
with fluorocarbon based sol vents have found w despread use in industry for
t he degreasing and ot herw se cleaning of solid surfaces, especially
intricate parts and difficult to renove soils. Inits sinplest form
vapor degreasing or solvent cleaning consists Qf exposing a room
tenperature object to be cleaned to the vaporszbf a boiling solvent. Vapors

condensing on the og rQvide .clean distilled solvent to wash away
grease or other con éﬁ?%EFF3HF rinsing.

Cold cleaning is another application where a
number of solvents are used. In most cold cleaning
5 applications, the soiled part is either immersed in the
£luid or wiped with rags or similar cbjects socaked in
solvents and allowed to air dry.

Fluorocarbon solvents, such as

10 trichlorotrifluoroethane, have attained widespread use
in recent years as effective, nontoxic, and
nonflammable agents useful in degreasing applications
and other solvent cleaning applications.

- . Trichlorotrifluorcethane has been found to have

15 satisfactory solvent power for greases, oils, waxes and
the like. It has therefore found widespread use for
cleaning electric motors, compressors, heavy metal
parts, delicate precision metal parts, printed circuit
boards, gyroscopes, guidance systems, aerospace and

20 missile hardware, aluminum parts and the like.

Azeotropic or azeotrope-like compositions are
desired because they do not fractionate upon boiling.
This behavior is desirable because in the previously

25 described vapor degreasing equipment with which these
solvents are employed, redistilled material is
generated for final rinse-cleaning. Thus, the vapor
degreasing system acts as a still. Unless the solvent

. composition exhibits a constant boiling point, i.e., is

30 azeotrope-like, fractionation will occur and
undesirable solvent distribution may act to upset the
cleaning and safety of processing. Preferential
evaporation of the more volatile components of the
solvent mixtures, which would be the case if they were

35 not azeotrope-like, would result in mixtures with
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Fi‘nal evaporation of solvent fromthe object |eaves behind no residue as
woul d be the case where the object is sinply washed in liquid solvent.
For difficult to renove soils where elevated tenperature is necessary to
i mprove the cleaning action of the solvent, or for |arge volune assenbly
| i ne operations where the cleaning of netal parjs and assenblies nust be
done efficiently and quickly, the conventi onal peration of a vapor

ol vent whi ch 1 movadTEEd e (i AR, it off siad e e el mnaear:
in a sunp contai ni nPrIRextties, such as lower solvency towards soils, less
- inertness towards metal, plastic or elastomer
components, and increased flammability and toxicity;

5 The art has looked towards azeotrope or azeotrope-like
compositions including the desired fluorocarbon
components such as trichlorotrifluoroethane which
include components which contribute additionally
desired characteristics, such as polar functionality,

10 increased solvency power, and stabilizers.

The art is continually seeking new fluorocarbon,
hydrofluorocarbon, and hydrochlorofluorocarbon based
- azeotrope-like mixtures which offer alternatives for
15 new and special applications for vapor degreasing and
other cleaning applications. Currently, of particular
interest, are fluorocarbon, hydrofluorocarbon, and
hydrochlorofluorocarbon based azeotrope-like mixtures
with minimal or no chlorine which are considered to be
20  stratospherically safe substitutes for presently used
chlorofluorocarbons (CFCs). The latter are suspected
of causing environmental problems in connection with
the earth's protective ozone layer. Mathematical
models have substantiated that hydrofluorocarbons, such
25 as 1,1,2,3,3-pentafluoropropane (known in the art as
HFC-245ea), will not adversely affect atmospheric
chamistry,'being negligible contributors to ozone
depletion and to green-house glocbal warming in
comparison to chlorofluorocarbons such as 1,1,2-
30 trichloro-1,2,2-trifluorocethane (CFC-113).

European Publication 431,458 published June 12,
" 1991 teaches a mixture of 1,1,2,3,4,4-hexafluorcbutane
and ethanol. U.S. Patent 5,023,010 teaches an
35 azeotropic mixture of 1,1,1,2,3,3-hexafluoro-3-
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distilled solvent near roomtenperature, and finally exposing the part to
sol vent vapors over the boiling sunp which condense on the cleaned part. In
addition, the part can also be sprayed with distilled sol vent

4
methoxypropane and methanol. U.S. Patent 5,035,830
teaches an azeotropic mixture of
hexafluoropropylene/ethylene cyclic dimer and methanol
or ethanol. U.S. Patent 5,064,559 teaches an
5 azeotropic mixture of 1,1,1,2,3,4,4,5,5,5-
decafluorcpentane and methanol or ethanol. U.S. Patent
5,073,291 teaches an azeotrope-type mixture of 1,4-
dihydroperfluorocbutane and methanol.

10 _ U.S. Patents 5,073,288 and 5,073,290 teach binary
| azeotrope-like compositions of 1,1,1,2,2,3,5,5,5-
nonafluoro-4-trifluoromethylpentane or 1,1,1,2,2,5,5,5-
octafluoro-4-trifluoromethylpentane and methanol or
- ethanol.
1§

DETAILED DESCRIPTION OF THE INVENTION

OQur solution to the need in the art for
20 substitutes for chlorofluorocarbon solvents is mixtures
comprising 1,1,2,3,3-pentafluoropropane and methanol or
ethanol and optionally nitromethane. Also, novel
azeotrope-like or constant-boiling compositions have
been discovered comprising 1,1,2,3,3-pentafluoropropane
25 and methanol or ethanol and optionally nitromethane.

Preferably, the novel azeotrope-like compositions
comprise effective amounts of 1,1,2,3,3-
pentafluorcpropane and methanol or ethanol and

30 optionally nitromethane. The term "effective amounts®”
as used herein means the amount of each component which
upon combination with the other component, results in
‘the formation of the present azeotrope-like
compositions.

35
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ri nsing.
nunber of solvents are used.
part is either

soaked in solvents and allowed to air dry.

such as trichlorotrifl uoroethane,

e azeotrope

Col d cl eaning i s another application where a
In nost cold cleaning applications,
imersed in the fluid or wiped with rags or simlar objects

t he soil ed

Fl uor ocar bon sol vents,
have attai ned w despread use in recent
years as effective, nontoxic, and nonflannablesagents useful in degreasing
applications and ot her s,ﬁ,llvent cl eani_nPil?é)

plicatipon

cempos;tf%ns comprise from
about 89 to about 99.99 weight percent of 1,1,2,3,3-
pentafluoropropane and from about 0.0l to about 11 of
methanol or ethanol and from 0 to about 1 weight

§ percent nitromethane. '

The present azeotrope-like compositions are

advantageous for the following reasons.

The 1,1,2'3,3-

pentafluoropropane is a negligible contributor to ozone
10 depletion and has a boiling point of 40°C.
methanol and ethanol components have good solvent

properties.

The

Thus, when these components are combined

in effective amounts, an efficient azeotrope-like
- solvent results.

15

The preferred azeotrope-like compositions are in
the Table below where 1,1,2,3,3-pentafluoropropane is

abbreviated as HFC-245ea.
ranges are understood to be prefaced by "about”.

20

97-99.99

98.5-09.99

98.8-89.99

0.01-3

0.01-1.5

o-o‘ '1 -2

25

30 | HEC-245ea
Ethanol

35

0-1

0-0.5

0-0.4
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Trichlorotrifluoroethane has been found to have satisfactory sol vent power
for greases, oils, waxes and the like. It has therefore found w despread
use for cleaning electric notors, conpressors, heavy netal parts, delicate
precision netal parts, printed circuit boards, gyroscopes, guidance
systens, aerospace-and m ssile hardware, alum num parts and the |ike.
Azeotropi c or azeotrope-like conpositions are @esi red because t hey do not

fracti onate upon boiling hi s _behayi,or is.desiraple,because_in the

previously described vapBft dgﬁpggggﬁé°ﬁﬂuﬁﬁﬁgip ﬁth1Rﬁieﬂ§9ﬁe§én369veﬁ§s

are enpl oyed, redi swelledsnaertaih compesitdbnd butsideathei haaieacadi ng.

Thus, the vapor ranges, are azeotrope-like, as defined more
particularly below.

The precise azeotrope compositions have not been
determined but have been ascertained to be within the
above ranges. Regardless of where the true azeotropes
lie, all compositions with the indicated ranges, as

10 well as certain compositions outside the indicated
ranges, are azeotrope-like, as defined more
particularly below.

- The term "azeotrope-like composition® as used

15 herein is intended to mean that the composition behaves
like an azeotrope, i.e. has constant-boiling
characteristics or a tendency not to fractionate upon
boiling or evaporation. Thus, in such compositions,
the composition of the vapor formed during boiling or

20 evaporation is identical or substantially identical to
the original liquid'com90lition. Hence, dQuring boiling
or evaporation, the liquid composition, if it changes
at all, changes only to a minimal or negligible extent.
This is to be contrasted with non-azeotrope-like

25 compositions in which during boiling or evaporation,
the liquid composition changes to a substantial degree.
As is readily understood by persons skilled in the art,
the boiling point of the azeotrope-like composition
will vary'with the pressure.

30
The azeotrope-like compositions of the invention
are useful as solvents in a variety of vapor
degreasing, cold cleaning and solvent cleaning
applications including defluxing and dry cleaning.
35
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degreasing systemacts as a still. Unless the solvent conposition exhibits
a constant boiling point, i.e., is azeotrope-like, fractionation wll occur
and undesirabl e solvent distribution may act to upset the cleaning and
safety of processi.ng. Preferential evaporation of the nore volatile
conponents of the solvent m xtures, which woul4 be the case if they were
not azeotrope-like, would result in mxtures wth

In the process embodiment of the invention, the
azeotrope-like compositions of the invention may be
used to clean solid surfaces by treating said surfaces
with said compositions in any manner well known to the

5 art such as by dipping or spraying or use of
conventional degreasing apparatus. In one process
embodiment of the invention, the azeotrope-like
compositions of the invention may be used to dissolve
contaminants or remove contaminants from the surface of

10 a substrate by treating the surfaces with the
compositions in any manner well known to the art such
as by dipping or spraying or use of conventional
degreasing apparatus wherein the contaminants are
substantially removed or dissolved.

15

The 1,1,2,3,3-pentafluoropropane of the present
invention may be prepared by any known method such as
the reaction of commercially available tetrahydrofuran
and cobalt trifluoride as taught by J. Burdon et al.,

20 "Partial Fluorination of Tetrahydrofuran with Cobalt
Trifluoride®, J. of Chem. Soc, (C), 1739 (1969). The
methanol; ethanol; and nitromethane components of the
novel solvent azeotrope-like compositions of the
invention are known materials and are commercially

25 available.

BXAMPLE 1

30 This example shows that a minioum in the boiling
point versus composition curve occurs in the region of
95 weight perceat 1,1,2,3,3-pentafluorcpropane
(hereinafter HFC-245ea) and 5 weight percent methanol
indicating that an azeotrope forms in the neighborhood
35 of this composition.
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3 " changed conpositions which may have | ess desirable properties, such as
| ower sol vency towards soils, less inertness towards netal, plastic or

el ast omer conponents, and increased flammbility and toxicity. The art has
| ooked towards azeotrope or azeotrope-like conpositions including the
desired fluorocarbon conponents such as trichlgrotrifluoroethane which

I ncl ude conponents which contribute additionally '
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A microebulliometer which consisted of a 15

~milliliter round bottom double neck flagk containing a

magnetic stirbar and heated with an electrical heating

‘mantel was used. Approximately 2.5 milliliters of the

lower boiling material, HFC-245ea, was charged into the
microebulliometer and methanol was added in small
measured increments by an automated syringe capable of
injecting microliters. The temperature was measured .
using a platinum resistance thermometer and barometric
pressure was measured. An approximate correction to
the boiling point was done to obtain the boiling'point
at 760 mm Hg.

The boiling point was measured and corrected to
760 mm Hg (101 kPa) for various mixtures of HFC-245ea
and methanol. Interpolation of the data shows that a
minimum boiling point occurs in the region of about 2.4
to about 9 weight percent methanol. The best estimate
of the position of the minimum is 4.7 weight percent
methanol, although the mixtures are constant-boiling,
to within 0.4°C, in the region of 0.5 to 10 weight
percent methanol. A minimum boiling azeotrope is thus
shown to exist in this composition range.

No attempt was made to fully characterize and
define the outer limits of the composition ranges which
are constant-boiling. Anyone skilled in the art can
readily ascertain other constant-boiling or essentially
constant-boiling mixtures containing the same
components.

EXAMPLE 2

Example 1 was repeated except that ethanol was
used instead of methanol. Approximately 2.8
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desired characteristics, such as polar functionality, increased solvency
power, and stabilizers. The art is continually seeking new

fl uorocarbon, hydrofl uorocarbon, and hydrochl orof | uorocarbon based
azeotrope-like mxtures which offer alternatives for new and speci al
applications for vapor degreasing and other cleaning applications.
Currently, of particular interest, are f1 uor ocdr bon, hydr of | uor ocar bon, and

oo o o o oo e 8 a2 R OL 8P Fol i (M Salh a1 AR 0,00
presently used chl owéreudnitiabdyscharged. ifite thetmicroebalbpenéeér cindau
Ing environmental pgeRhREE wWRsCRAAEE! LANsHhi] measured increments by an
automated syringé capable of injecting microliters.
5§ The boiling point was measured and corrected to 760 mm
Hg (101 kPa), for various mixtures of HFC-245ea and
ethanol. Interpolation of these data shows that a
minimum boiling point occurs in the region of about 0.1
to about 0.8 weight percent ethanol. The best estimate
10 of the position of the minimum is 0.5 weight percent
ethanol, although the mixtures are constant-boiling, to
within 0.2°C, in the region of 0.01 to 2 weight percent
ethanol. A minimum boiling azeotrope is thus shown to
- exist in this composition range.
15

RXAMPLES 3 AND 4

Performance studies are conducted wherein metal
coupons are cleaned using the present azeotrope-like
20 compositions as solvents. The metal coupons are soiled
with various types of oils and heated to 93°C so as to
partially simulate the temperature attained while
machining and grinding in the presence of these oils.

25 The metal coupons thus treated are degreased in
a three-sump vapor phase degreaser machine. In this
typical three-sump degreaser, condenser coils around

" the lip of the machine are used to condense the solvent
vapor which is then collected in a sump. The

30 condensate overflows into cascading sumps and
eventually goes into the boiling sump.

The metal coupons are held in the'solvent vapor
and then vapor rinsed for a period of 15 seconds to 2
35 minutes depending upon the oils selected. The
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the earth's protective ozone | ayer. Mathematical nodels have substanti ated
t hat hydrof | uorocarbons, such as 1,1, 2, 3, 3-pent af |l uor opropane (known in the
art as HFC- 245ea), wi'll not adversely affect atnospheric chem stry, being
negligible contributors to ozone depletion and to green-house gl obal

warm ng in conparkson to chlorofluorocarbons such as 1,1, 2-
trichloro-1,2,2-trifluoroethane (CFC 113). 10 European Publication

431, 458 published June 12, 1991 teaches a m xture of

1,1, 2, 3, 4, 4- hexaf | acresinzapes ldke cdmpoditidns ofamainpled?d Qg keagaes an
azeot ropic mxture Qedlal trm Solventd . u@l%a%liness testing of the
coupcons is done by measurement of the weight change of
the coupons using an analytical balance to determine
5 the total residual materials left after cleaning.

EXAMPLES 5 AND 6

Bach solvent of Examples 1 and 2 above is added
10 to mineral oil in a weight ratio of 50:50 at 27°C.
Bach solvent is miscible in the mineral oil.

EXAMPLES 7 AND 8

15 . Metal coupons are soiled with various types of
0il. The soiled metal coupons are immersed in the
solvents of Examples 1 and 2 above for a period of 15
seconds to 2 minutes, removed, and allowed to air dry.
Upon visual inspection, the soil appears to be

20 substantially removed. -

EXAMPLES 2 AND 10

Metal coupons are soiled with various types of
25 oil. The soiled metal coupons are sprayed with the
solvents of Examples 1 and 2 above and allowed to air
dry. Upon visual inspection, the soil appears to be
substantially removed.

30 Known additives may be used with the present
azeotrdbe-like compositions in order to tailor the
composition for a particular use. Inhibitors may be

' added to the present azeotrope-like compositions to
inhibit decomposition of the compositions; react with

35 undesirable decomposition products of the compositions;
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4. met hoxypropane and nethanol. U.S. Patent 5,035,830 teaches an azeotropic
m xture of hexafl uoropropyl ene/ et hyl ene cyclic di mer and net hanol

11

and/or prevent corrosion of metal surfaces. Any or all
of the following classes of inhibitors may be employed
in the invention: alkanols having 4 to 7 carbon atoms,
nitroalkanes having 2 to 3 carbon atoms,

5 1,2-epoxyalkanes having 2 to 7 carbon atoms, phosphite
'~ esters having 12 to 30 carbon atoms, ethers having 3 or
4 carbon atoms, unsaturated compounds having 4 to 6

carbon atoms, acetals having 4 to 7 carbon atoms, _
ketones having 3 to 5 carbon atoms, and amines having 6

10 to 8 carbon atoms. Other suitable inhibitors will
readily occur to those skilled in the art. In spraying
applications, the azeotrope-like compositions may be
sprayed onto a surface by using a propellant.

15- The inhibitors may be used alone or in mixtures
thereof in any proportions. Typically, up to about 2
percent based on the total weight of the azeotrope-like
composition of inhibitor might be used.

20

Sheet Has Been Replaced

Ull\l\\ I



or ethanol. U S. Patent 5,064,559 teaches an azeotropic m xture of
1,1,1,2,3,4,4,5,5,5- decafl uoropentane and net hanol or ethanol. U S. Patent
5,073, 291 teaches an azeotrope-type m xture of 1,4- dihydreperfluorobutane:

and net hanol . U S. Patents 5,073,288 and 5,073,29
azeotrope-like conpositions of 1,1,1,2,2,3,5,5,5- s SR8k aph&%&XINEG-
nonaf |l uoro-4-trifl uoronethylpentane or 1,1, 2, , b, b- (JI"I""I"H”'"I"I
octafl uoro-4-trifluoromnethyl pentane and met ha or et handl

What is claimed is:

1. Azeotrope-like compositions comprising from
about 8% to about 99.99 weight percent of 1,1,2,3,3-
S pentafluoropropane and from about 0.01 to about 11 of
methanol or ethanol and fram 0 to about 1 weight
percent nitromethane.

2. The azeotrope-like compositions of claim 1
10 consisting essentially of from about 89 to about 99.5
weight percent said 1,1,2,3,3-pentafluoropropane and
from about 0.5 to about 11 weight percent said methanol
and from about 0 to about 1 weight pefcent said
nitromethane wherein said compositions boil at about
15 38.1°C at 760 mm Hg.

3. The azeotrope-like compositions of claim 1
consisting essentially of from about 90 to about 98.2
weight percent said 1,1,2,3,3-pentafluoropropane and
20 from about 1.8 to about 10 weight percent said methanol
and from about 0 to about 0.5 weight percent said
nitromethane wherein said compositions boil at about
38.1°C at 760 mm Hg. '

25 _ 4. The azeotrope-like compositions of claim 1
consisting essentially of from about 90.6 to about 97.6
weight percent said 1,1,2,3,3-pentafluoropropane and
from about 2.4 to about 9.4 weight percent said
methanol and from about 0 to about 0.4 weight percent

30 said nitromethane wherein said compositions boil at
about 38.1°C at 760 mm Hg.

S. The aZeétrope-like compositions of claim 1

consisting essentially of from about 97 to about 99.99
35 weight percent said 1,1,2,3,3-pentafluoropropane and
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Qur solution to the needin -~
the art for substitutes for chlorofluorocarbon sol vents 1ak8haZIRRBEMRRphdek €

or constant-boiling conpositions consisting essentially o :
1,1, 2,3, 3-pent af | uor opropane and net hanol or ethanol and & lu !N
S

ni t r omet hane. - The novel azeotrope-|
13
fgcm about 0.01 to about 3 weight percent said ethanol
and from about 0 to about 1 weight percent said
nitromethane wherein said compositions boil at about.
38.5°C at 760 mm Hg.

6. The azeotrope-like compositions of claim 1
consisting essentially of from about 98.5 to about
99.99 weight percent said 1,1,2,3,3-pentafluoropropane
and from about 0.01 to about 1.5 weight percent said

10 ethanol and from about 0 to about 0.5 weight percent
said nitromethane wherein said compositions boil at
about 38.5°C at 760 mm Hg. '

- ' 7. The azeotrope-like compositions of claim 1
15 consisting essentially of from about 98.8 to about
99.99 weight percent said 1,1,2,3,3-pentafluoropropane
and from about 0.01 to about 1.2 weight percent said
ethanol and from about 0 to about 0.4 weight percent
said nittromethane wherein said compositions boil at
20 about 38.5°C at 760 mm Hg. | |

8. The azeotrope-like compositions of claim 1
wherein said compositions additionally contain an
inhibitor selected from the group consisting of

25 alkanols having 4 to 7 carbon atoms, nitroalkanes
having 2 to 3 carbon atoms, 1,2-epoxyalkanes having 2
to 7 carbon atoms, phosphite esters having 12 to 30
carbon atoms, ethers having 3 or 4 carbon atoms,
unsaturated compounds having 4 to 6 carbon atoms,

30 acetals having 4 to 7 carbon atoms, ketones having 3 to
5 carbon atoms, and amines having 6 to 8 carbon atoms.

9. The azeotrépe-like compositions of claim 2
wherein said compositions additionally contain an
35 inhibitor selected from the group consisting of

e



conprise effective anounts of 1,1,2,3,3- pentafl uoropropane and nethanol or
et hanol and optionally nitronmethane. The term"effective anounts" as used
herei n neans the anount of each conponent which upon conbination with the
ot her conponent, results in the formation of the present azeotrope-Ilike
conposi tions. i
14

alkanols having 4 to 7 carbon atoms, nitroalkanes

having 2 to 3 carbon atoms, 1,2-epoxyalkanes having 2

to 7 carbon atoms, phosphite esters having 12 to 30

carbon atoms, ethers having 3 or 4 carbon atoms,

5 unsaturated compounds having 4 to 6 carbon atoms,
acetals having 4 to 7 carbon atoms, ketones having 3 to.

5 carbon atoms, and amines having 6 to 8 carbon atoms.

10. A method of dissolving cqhtaminants or
10 removing contaminants from the surface of a substrate
which comprises the step of:
using said azeotrope-like composition of claim

2 as solvent.
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- The azeotrope-like conpositions as clained in claim1l consist essentially
of from89 to about 99.99 weight percent of 1,1, 2, 3, 3-pentafl uoropropane
and from0.01 to 11 of nethanol or ethanol and fromO to 1 weight percent

ni tronet hane. Preferred enbodi nents are cI iered in clains 2 to 9. A nethod
usi ng the azeotrope-Iike conp05|t|on clalne3 inclaimlis claimed in claim
10. The present azeotropg pt ageous for the
foll ow ng reasons. The 1,1, 2,

Azeotrope-like compositions comprising
1,1,2,3,3-pentafluoropropane and methanol or ethanol
and optionally nitromethane are stable and have utility
as degreasing agents and as solvents in a variety of

10 industrial cleaning applications including cold
cleaning and defluxing of printed circuit boards and
dry cleaning.

20
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i.2.2,3,.3- PENTAFLUOROPROPANE
BACKGROUND OF THE INVENTION

Vapof degreasing and solvent cleaning with
fluorocarbon based solvents have found widespread use
in industry for the degreasing and otherwise cleaning

 of solid surfaces, especially intricate parts and
difficult to remove soils.

In its simplest
'cleaning consists of
to be cleaned to the
Vapors condensing on
solvent to wash away
Final evaporation of
behind no residue as

form, vapor degreasing or solvent
exposing a room temperature cbject
vapors of a boiling solvent.

the object provide clean distilled

‘grease or other contamination.

solvent from the object leaves
would be the case where the object

is simply washed in liquid solvent.

Por difficult to remove soils where elevated
temperature is necessary to improve the cleaning action
of the solvent, or for large volume assembly line

operations where the

cleaning of metal parts and

assemblies must be done efficiently and quickly, the
conventional operation of a vapor degreaser consists of
immersing the part to be cleaned in a sump of boiling
gsolvent which removes the.bulk of -the soil, thereafter
immersing the part in a éﬁmp“containing freshly
distilled solvent near room temperature, and finally

exposing the part to

sump which condense on the cleaned part.
“sprayed with distilled solvent

the part can also be
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COMPONENTS PREFERRED MORE MOST BA LI NG

RANGE PREFERRED PREFERRED PO NT (WI. % RANGE

RANCGE ([err] O (W. % (WI. % (760mMHQ)
HFC- 245[ err ] 89-99.5 90-98. 2 90.6-97.6 38.1

* 0.4 Met hanol 0.5-11 1.8-10 2.4-9.4 Ni t r onet hane 0-1
0-0.5 0-0.4 HFC- 245[ err] 97-99. 99 98. 5-99. 99 98.8-9.99 38.5
* 0.2 2

before final rinsing.

Cold cleaning is another application where a
number of solvents are used. In most cold cleaning
applications, the soiled part is either immersed in the
fluid or wiped with rags or similar objects soaked in
gsolvents and allowed to air dry.

Fluorocarbon solvents, such as
trichlorotrifluorcoethane, have attained widespread use
in recent years as effective, nontoxic, and
nonflammable agents useful in degreasing applications

~and other solvent cleaning applicationms.
Trichlorotrifluorcethane has been found to have

- satisfactory solvent power for greases, oils, waxes and
the like. It has therefore found widespread use for
cleaning electric motors, compressors, heavy metal
parts, delicate precision metal parts, printed circuit
boards, gyroscopes, guidance systems, aerospace and
missile hardware, aluminum parts and the like.

Azeotropic or azeotrope-like compositions are
desired because they do not fractionate upon boiling.
This behavior is desirable because in the previously
described vapor degreasing equipment with which these
solvents are employed, redistilled material is
generated for final rinse-cleaning. Thus, the vapor
degreasing system acts as a still. 'Unless the solvent
composition exhibits a constant boiling point, i.e., is
azeotrope-like, fractionation will occur and
undegirable solvent distribution mayéact to upset the
cleaning and safety of processing Preferential
evaporation of the more volatile components of the
solvent mixtures, which would be the case if they were
not azeotrope-like, would result in mixtures with
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Et hanol 0.
0

01-3 0.01-1.5 0.01-1.2 Ni t r onet hane 0-1
0-'0.5 0

.4 6

3

changed compositions which may have less desirable
properties, such as lower solvency towards soils, less
inertness towards metal, plastic or elastomer
components, and increased flammability and toxicity.
The art has loocked towards azeotrope or azeotrope-like
compoéitions including the desired fluorocarbon
components such as trichlorotrifluoroethane which
include components which contribute additionally
desired characteristics, such as polar functionality,
increased solvency power, and stabilizers.

The art is continually seeking new fluorocarbon,
hydrofluorocarbon, and hydrochlorofluorocarbon based
azeotrope-like mixtures which offer alternatives for
new and special applications for vapor degreasing and
other cleaning applications. Currently, of particular
interest, are fluorocarbon, hydrofluorocarbon, and
hydrochlorofluorocarbon based azeotrope-like mixtures
with minimal or no chlorine which are considered to be
stratospherically safe substitutes for presently used
chlorofluorocarbons (CFCs). The latter are suspected
of causing environmental problems in connection with
the earth's protective ozone layer. Mathematical
models have substantiated that hydrofluorocarbons, such
as 1,1,2,3,3-pentafluoropropane (known in the art as
HFC-245ea), will not adversely affect atmospheric
chemistry, being negligible contributors to ozone
depletion and to green-house global warming in
comparison to chlorofluorocarbons such as 1,1,2-
trichloro-1,2,2-trifluoroethane (CFC-113).

Buropean Publication 431,458 published June 12,
1991 teaches a mixture of_1,1,2,3,4,4?hexafluorobutane
and ethanol. U.S. Patent 5,023,010 teaches an
azeotropic mixture of 1,1,1,2,3,3-hexafluoro-3-
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Al'l conpositions within the indicated ranges, as well as certain
conpositions outside the indicated ranges, are azeotrope-like, as defined
nore particularly bel ow The preci se azeotrope conpositions have not
been determ ned but have been ascertained to be within the above ranges.
Regar dl ess of where the true azeotropes lie, all conpositions with the

I ndi cated ranges, as well as certain conpositions outside the indicated
ranges, are azeotrope-like, as defined noredparticularly bel ow.

methoxypropane and methanol. U.S. Patent 5,035,830
teaches an azeotropic mixture of
hexafluoropropylene/ethylene cyclic dimer and methanol
or ethanol. U.S. Patent 5,064,559 teaches an
azeotropic mixture of 1,1,1,2,3,4,4,5,5,5-
decafluoropentane and methanol or ethanol. U.S. Patent
5,073,291 teaches an azeotrope-type mixture of 1,4-
dihydroperfluorobutane and methanol.

U.S. Patents 5,073,288 and 5,073,290 teach binary
azeotrope-like compositions of 1,1,1,2,2,3,5,5,5-
nonafluoro-4-trifluoromethylpentane or 1,1,1,2,2,5,5,5-
octafluoro-4-trifluoromethylpentane and methanol or
ethanol. |

DETAILED DESCRIPTION OF THR INVENTION

Our solution to the need in the art for _
substitutes for chlorofluorocarbon solvents is mixtures
comprising 1,1,2,3,3-pentafluoropropane and methanol or
ethanol and optionally nitromethane. Also, novel
azeotrope-like or constant-boiling compositions have
been discovered comprising 1,1,2,3,3-pentafluoropropane
and methanol or ethanol and optionally nitromethane.

Preferably, the novel azeotrope-like compositions
comprise effective amounts of 1,1,2,3,3-
pentafluoropropane and methanol or ethanol and
optionally nitromethane. The term "effective amounts®
as used herein means the amount of each component which
upon combination with the other component, results in
the formation of the present azeotrope-like
compositions.
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The term azeotrope-like conposition" as used herein is intended to nmean
that the conposition behaves |ike an azeotrope, i.e. has constant-boiling
characteristics or a tendency not to fractionate upon boiling or
evaporation. Thus, in such conpositions, the conposition of the vapor
formed during boiling or evaporation is identical or substantially

I dentical to the original |iquid conposition. Hence, during boiling or
evaporation, the liquid conposition, if itgschanges at all, changes only to
a mnimal or negligible extent. This is to be contrasted with
non-azeotrope-|i ke cOhpoazébbpeperlikecborposhpibnil cogppisavepanati on, the

liquid conposi tiQg, chagoes LBo&tSHB?§&“&L%&hQGSQ%Sent of 1,1,2,3,3-
pentafluorcpropane and from about 0.0l to about 11 of
methanol or ethanol and from 0 to about 1 welght
percent nitromethane.

The present azeotrope-like compositions are
advantageous for the following reasons. The 1,1,2,3,3-
pentafluoroﬁropane is a negligible contributor to ozone
depletion and has a boiling point of 40°C. The
methanol and ethanol components have good solvent
properties. Thus, when these components are combined
in effective amounts, an efficient azeotrope-like
solvent results.

The preferred azeotrope-like campositiohs are in
the Table below where 1,1,2,3,3-pentafluoropropane is
abbreviated as HFC-245ea. In the Table, the numerical
ranges are understood to be prefaced by "about".

COMPONENTS PREFERRED MORE MOST BOILING
RANGE PREFERRED PREFERRED POINT
(WT. %) RANGE RANGE {°C)
(WT. %) (WT. %) {760mmHg)

HFC-246ea

Methanol
Nitromethane
HFC-245ea 97-99.99 | 98.5-99.99 98.8-99.99

Ethanol 0.01-3 0.01-1.5 0.01-1.2

Nitromethane 0-1 7 ‘ 0-0.5 0-0.4
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As is readily understood by persons skilled in the art, the boiling point
of the azeotrope-like conposition will vary with the pressure. The
azeotrope-li ke conpositions of the invention are useful as solvents in a
vari ety of vapor degreasing, cold cleaning and sol vent cl eaning
applications including defluxing and dry cl eani ng.

6

All compositions within the indicated ranges, as
well as certain compositions outside the indicated
ranges, are azeotrope-like, as defined more
particularly below.

The precise azeotrope compositions have not been
determined but have been ascertained to be within the
above ranges. Regardless of where the true azeotropes
lie, all compositions with the indicated ranges, as
well as certain compositions outside the indicated
ranges, are azeotrope-like, as defined more
particularly below.

The term "azeotrope-like composition® as used
herein is intended to mean that the composition behaves
like an azeotrope, i.e. has constant-boiling
characteristics or a tendency not to fractionate upon
boiling or evaporation. Thus, in such compositions,
the composition of the vapor formed during boiling or-
evaporation is identical or substantially identical to
the original liquid composition. Hence, during boiling
or evaporation, the liquid composition, if it changes
at all, changes only to a minimal or negligible extent.
This is to be contrasted with non-azeotrope-like
compositions in which during boiling or evaporation,
the liquid composition changes to a substantial degree.
As is readily understood by persons skilled in the art,
the boiling point of the azeotrope-like composition
will vary with the pressure.

Thé-azeotrope-like compositions of the invention
are useful as solvents in a variety of vapor
degreasing, cold cleaning and solvent cleaning
applications including defluxing and dry cleaning.
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7 In the process enbodi nent of the invention, the azeotrope-like
conpositions of the invention may be used to clean solid surfaces by
treating said surfaces with said conpositions in any manner well known to
the art such as by dipping or spraying or use of conventional degreasing
apparatus. I n one process enbodi nent of the invention, the azeotrope-Iike

7

In the process embodiment of the invention, the
azeotrope-like compositions of the invention may be
ugsed to clean solid surfaces by treating said surfaces
with said compositions in any manner well known to the
art such as by dipping or spraying or use of
conventional degreasing apparatus. In one process
embodiment of the invention, the azeotrope-like
compositions of the invention may be used to dissolve -
contaminants or remove contaminants from the surface of
a substrate by treating the surfaces with the
compositions in any manner well known to the art such
as by dipping or spraying or use of conventional
degreasing apparatus wherein the contaminants are
substantially removed or dissolved.

The 1,1,2,3,3-pentafluoropropane of the present
invention may be prepared by any known method such as
the reaction of commercially available tetrahydrofuran
and cobalt trifluoride as taught by J. Burdon et al.,
"Partial Fluorination of Tetrahydrofuran with Cobalt
Trifluoride®, J, of Chem. Soc, (C), 1739 (1969). The
methanol; ethanol; and nitromethane components of the
novel solvent azeotrope-like compositions of the |
invention are known materials and are commercially
available.

EXAMPLE 1

This example shows that a minimum in the boiling
point versus composition curve occurs in the region of
95 weight percent 1,1,2,3,3-pentafluoropropane
(hereinafter HFC-245ea) and 5 weight percent methanol
indicating that an azeotrope forms in the neighborhood
of this composition.
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conpositions of the invention may be used to dissolve contam nants or
renmove contam nants fromthe surface of a substrate by treating the
surfaces with the conpositions in any nanner well known to the art such as
by di pping or spraying or use of conventional degreasing apparatus wherein
the contam nants are substantially renmoved or dissol ved. The

1,1, 2,3, 3-pentafl uoropropane of the present invention nay be prepared by
any known net hod such as the reaction of c&nnercially avai l abl e
tetrahydrofuran and cobalt trifluoride as taught XQ . _Burdon et a

"Partial Fluorinatidh®#c q%?}i’%’cﬁ%'iﬁ’én"m?m ted of a 15

milliliter round bottom double neck flask containing a
magnetic stirbar and heated with an electrical heating
mantel was used. Approximately 2.5 milliliters of the
lower boiling material, HFC-245ea, was charged into the
microebulliometer and methanol was added in small
measured increments by an automated syringe capable of
injecting microliters. The temperature was measured
using a platinum resistance thermometer and barometric
pressure was measured. An approximate correction to
the boiling point was done to obtain the boiling point
at 760 mm Hg.

The boiling point was measured and corrected to

- 760 mm Hg (101 kPa) for various mixtures of HFC-245ea
and methanol. Interpolation of the data shows that a
minimum boiling point occurs in the region of about 2.4
to about 9 weight percent methanol. The best estimate
of the position of the minimum is 4.7 weight percent
methanol, although the mixtures are constant-boiling,
to within 0.4°C, in the region of 0.5 to 10 weight
‘percent methanol. A minimum boiling azeotrope is thus
shown to exist in this composition range.

No attempt was made to fully characterize and
define the outer limits of the composition ranges which
are constant-boiling. Anyone skilled in the art can
readily ascertain other constant-boiling or essentially
constant-boiling mixtures containing the same
components.

EXAMPLE 2

Example 1 was repeated except that ethanol was
used instead of methanol. Approximately 2.8
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Trifluoride", J. of Chem Soc. (C, 1739 (1969). The nethanol; ethanol; and
ni-t r omet hane conponents of the novel solvent azeotrope-like conpositions of
the invention are known materials and are comercially avail abl e.

This exanple shows that a mninumin the boiling point versus conposition
curve occurs in the region of 95 wei ght percent

1,1, 2,3, 3-pentaf | uoropropane

9

milliliters of the lower boiling material, HFC-245ea,
were initially charged into the microebulliometer and
ethanol was added in small measured increments by an
automated syringe capable of injecting microliters.

The boiling point was measured and corrected to 760 mm
Hg (101 kPa), for various mixtures of HFC-245ea and
ethanol. Interpolation of these data shows that a
minimum boiling point occurs in the region of about 0.1
to about 0.8 weight percent ethanol. The best estimate
of the position of the minimum is 0.5 weight percent
ethanol, although the mixtures are constant-boiling, to
within 0.2°C, in the region of 0.01 to 2 weight percent
ethanol. A minimum boiling azeotrope is thus shown to
exist in this composition range.

EXAMPLES 3 AND 4

Performance studies are conducted wherein metal
coupons are cleaned using the present azeotrope-like
compositions as solvents. The metal coupons are soiled
with various types of oils and heated to 93°C so as to
partially simulate the temperature attained while
machining and grinding in the presence of these oils.

The metal coupons thus treated are degreased in
a three-sump vapor phase degreaser machine. 1In this
typical three-sump degreaser, condenser coils around
the 1lip of the machine are used to condense the solvent
vapor which is then collected in a sump. The
condensate overflows into cascading sumps and
eventually goes into the boiling sump.

The metal coupons are held in the solvent vapor
and then vapor rinsed for a period of 15 seconds to 2
minutes depending upon the oils selected. The
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(hereinafter HFC-245ea) and 5 wei ght percent nethanol indicating that an
azeotrope forns in the nei ghborhood of this conposition.

10

azeotrope-like compositions of Examples 1 and 2 are
used as the solvents. Cleanliness testing of the
coupons is done by measurement of the weight change of
the coupons uging an analytical balance to determine
the total residual materials left after cleaning.

EXAMPLES S AND ©

Each solvent of Examples 1 and 2 above is added
to mineral oil in a weight ratio of 50:50 at 27°C.
Bach solvent is miscible in the mineral oil.

EXAMPLES 7 AND 8

Metal coupons are soiled with various types of
o0il. The soiled metal coupons are immersed in the
solvents of Examples 1 and 2 above for a period of 15
seconds to 2 minutes, removed, and allowed to air dry.
Upon visual inspection, the soil appears to be
substantially removed.

EXAMPLES 9 AND 10

Metal coupons are soiled with various types of
oil. The soiled metal coupons are sprayed with the
solvents of Examples 1 and 2 above and allowed to air
dry. Upon visual inspection, the soil appears to be
substantially removed.

Known additives may be used with the present
azeotrope-like compositions in order to tailor the
composition for a particular use. Inhibitors may be
added to the present azeotrope-like compositions to
inhibit decomposition of the compositions; react with
undesirable decomposition products of the compositions;

This Sheet Has Been Reilaced This is'the replacement sheet
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A m croebul lionmeter which consisted of a 15 mlliliter round bottom double
heck flask containing a nagnetic stirbar and heated with an el ectri cal
heati ng mantel was used. Approximately 2.5 mlliliters of the |ower boiling
mat eri al, HFC 245ea, was charged into the m croebullionmeter and nethanol
was added in snmall measured increnents by an automated syringe capabl e of
Injecting mcroliters. The tenperature was neasured using a platinum

resi stance thernoneter and baronetric prf?sure was neasured. An approxi mate
correction to the boiling point was done to obtain the boiling point at 760

mm Hg. and/or prevent corrosion of metal surfaces. Any or all
of the following classes of inhibitors may be employed
in the invention: alkanols having 4 to 7 carbon atoms,
nitrocalkanes having 2 to 3 carbon atoms,
1,2-epoxyalkanes having 2 to 7 carbon atoms, phosphite
esters having 12 to 30 carbon atoms, ethers having 3 or
4 carbon atoms, unsaturated compounds having 4 to 6
carbon atoms, acetals having 4 to 7 carbon atoms,
ketones having 3 to 5 carbon atoms, and amines having 6
to 8 carbon atoms. Other suitable inhibitors will
readily occur to those skilled in the art. 1In spraying
applications, the azeotrope-like compositions may be
sprayed onto a surface by using a propellant.

The inhibitors may be used alone or in mixtures
thereof in any proportions. Typically, up to about 2
percent based on the total weight of the azeotrope-like
composition of inhibitor might be used.
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The boiling ﬁdfﬁffma %gﬁand corrected to 760 mm Hg (101 kPa) for

various m xtur ? ct fas > |and nmet hanol . Interpolatlon of the data shows
that a m ni num b ﬂ ccurs in the region of about 2.4 to about 9
wei ght percent . est estimate of the gpe f—t.he m.ni mum
Is 4.7 weight percent nethanol, although the m xtungfes: .iqling,
to within 0.4[err]C, in the region of 0.5 to 10 mek?ht gl . A
m ni mum boi |l i ng azeotrope is thus shown tgzexist in ange.

No attenpt was nade to fuIIy characterlze and define the outer lints of
the conpositi oWhatngss cliaigedadis
art can
1. Azeotrope-like compositions comprising from
about 89 to about 99.99 weight percent of 1,1,2,3,3-
pentafluoropropane and from about 0.01 to about 11 of
methanol or ethanol and from 0 to about 1 weight
percent nitromethane.

2. The azeotrope-like compositions of claim 1
consisting essentially of from about 89 to about 99.5
weight percent said 1,1,2,3,3-pentafluoropropane and
from about 0.5 to about 11 weight percent said methanol
and from about 0 to about 1 weight percent said
nitromethane wherein said compositions boil at about
'38.1°C at 760 mm Hg.

3. The azeotrope-like compositions of claim 1
consisting essentially of from about 90 to about 98.2
weight percent said 1,1,2,3,3-pentafluoropropane and
from about 1.8 to about 10 weight percent said methanol
and from about 0 to about 0.5 weight percent said
nitromethane wherein said compositions boil at about
38.1°C at 760 mm Hg.

4. The azeotrope-like compositions of claim 1
consisting essentially of from about 90.6 to about 97.6
weight percent said 1,1,2,3,3-pentafluoropropane and
from about 2.4 to about 9.4 weight percent said
methanol and from about 0 to about 0.4 weight percent
said nitromethane wherein said compositions boil at
about 38.1°C at 760 mm Hg.

5. The azeotrope-like compositions of claim 1
consisting essentially of from about 97 to about 9$9.99
weight percent said 1,1,2,3,3-pentafluoropropane and
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readlly ascertaln ot her constant-boiling or essentially constant-boiling
m xt ures cont a.{. : B esaR@placdnponent s.

2 Exanp ed except that ethano :
met hanol . Appr o>\ “m\\mﬁm‘ WaSs SWE%

13

from about 0.01 to about 3 weight percent said ethanol
and from about 0 to about 1 weight percent said
nitromethane wherein said compositions boil at about
38.5°C at 760 mm Hg. "

6. The azeotrope-like compositions of claim 1
consisting essentially of from about 98.5 to about
99.99 weight percent said 1,1,2,3,3-pentafluoropropane
and from about 0.01 to about 1.5 weight percent said
ethanol and from about 0 to about 0.5 weight percent
said nitromethane wherein said compositions boil at
about 38.5°C at 760 mm Hg.

7. The azeotrope-like compositions of claim 1
- consisting essentially of from about 98.8 to about
99.99 weight percent said 1,1,2,3,3-pentaflucropropane
and from about 0.01 to about 1.2 weight percent said
ethanol and from about 0 to about 0.4 weight percent
said nitromethane wherein said compositions boil at
" about 38.5°C at 760 mm Hg.

8. The azeotrope-like compositions of claim 1
wherein said compositions additionally contain an
inhibitor selected from the group consisting of
alkanols having 4 to 7 carbon atoms, nitroalkanes
having 2 to 3 carbon atoms, 1,2-epoxyalkanes having 2
to 7 carbon atoms, phosphite esters having 12 to 30
carbon atoms, ethers having 3 or 4 carbon atoms,
unsaturated compounds having 4 to 6 carbon atoms,
acetals having 4 to 7 carbon atoms, ketones having 3 to
5 carbon atoms, and amines having 6 to 8 carbon atoms.

9. The azeotrope-like compositions of claim 2
wherein said compositions additionally contain an
inhibitor selected from the group consisting of
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alkanols having 4 to 7 carbon atoms, nitroalkanes
having 2 to 3 carbon atoms, 1,2-epoxyalkanes having 2
to 7 carbon atoms, phosphite esters having 12 to 30
carbon atoms, ethers having 3 or 4 carbon atoms,

14

unsaturated compounds having 4 to 6 carbon atoms,
acetals having 4 to 7 carbon atoms, ketones having 3 to.
5 carbon atoms, and amines having 6 to 8 carbon atoms.

10. A method of dissolving contaminants or
removing contaminants from the surface of a substrate
which comprises the step of:

| using said azeotrope-like composition of claim

' 2 as solvent.

IIIIIIII |l|||| IIIII [l IIII
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n1n|nun1b0|llng point occurs in the regi.on of about 0.1 to about 0.8 weight
percent ethanol. The best estimate of the position of the minimumis 0.5
wei ght percent ethanol, although the m xtures:are constant-boiling, to
within 0.2[err]C, in the.Tegion of 0.01 to 2 wei'ght percent ethanol. A

m ni mum boi | i ng azeotrope is thus shown to exist in this conposition range.
EXAMPLES 3 AND 4 Perf ormance studi es are conducted wherein netal
coupons are cleaned using the present aggotrope-like conpositions as

sol vents. The netal coupons are soiled

AZEOTROPE-LIKE COMPOSITIONS OF
_ - PENTAPL

ARSTRACT OF THE DISCLOSURE

Azeotrope-like compositions comprising
1,1,2,3,3-pentafluoropropane and methanol or ethanol
and optionally nitromethane are stable and have utility
as degreasing agents and as solvents in a variety of
industrial cleaning applications including cold
cleaning and defluxing of printed circuit boards and

dry cleaning.
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Wi th various types of oils and heated to 93[err] C sd

5i mul ate-the -tenperature attained while machining arggthﬁg ﬁNT

presence of these ils. The nmetal coupons thusitreated are d¢gfeased
in alt ‘idph The. In thi g t2W ABG BT eg- sunp
degre ‘cai lis & t he maghijne are used to
conde vap L Mhl n Ben cdl I ected iln =& sunp. T1ne
condensate overfloms into cascadlng sunps and eventyally goes into the
boi i ng sunp. The nmetal coupons are held in the solvent vapor and

t hen vapor rinsed for a period of 15 sgcpnds to 2

What is claimed is:

L. Azeotrope-like compositions consisting essentially of from 89 to
99.99 weight percent 1,1,2,3,3-pentafluoropropane and from 0.01 to 11 weight
percent of methanol or ethanol and from 0 to 1 weight percent nitromethane.

2. The azeotrope-like cemposiﬁons of claim 1 consisting essentially of
from 89 to 99.5 weight percent said 1,1,2,3,3-pentaflucropcopane and from 0.5 to
11 weight percent said methanol and from Q to 1 weight percent said nitromethane
wherein said compositions boil at 38.1°C st 760 mm Hg.

3. The azeotrope-like compositions of claim 1 consisting essentially of
from 90 to 98.2 weight percent said 1,1,2,3,3-pentaflucropropane and from 1.8 t¢
10 weight percent said methanol and from 0 to 0.5 weight percent said
nirromethane wherein said compositions boil at 38.1°C at 760 mm Hg.

4. The azeotrope-like compositions of claim 1 consisting essentially of

from 90.6 to 97.6 weight percent said 1,1,2,3,3-peataflucropropane and from 2.4
to 9.4 weight percent said nitromethane wherein said compasitions boail at 38.1°C
at 760 mm Hg. |
| 5. The azeotrope-like compositions of claim 1 consisting essentially of

from 97 0 99.99 weight percent said 1,1,2,3,3-pentaflucropropane aad from 0.01
to 3 weight percent said ethanol and from 0 to 1 weight percent said nitromethane
wheretn said compositions bail at 38.5°C at 760 mm Hg.

e
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m nut es dependi ng upon the oils selected. The
10 azeotrope-like conp03|t|ons of Exanples .1 and 2 are
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6. The azeotrope-like compositions of claim 1 consisting essentially of

from 98.5 to 99.99 weight percent said 1,1,2,3,3-pentafluoropropane and from
0.01 to 1.5 weight percent said ethanol and from 0 to 0.5 weight percent said
nitromethane wherein said compasitions boil at 38.5°C at 760 mm Hg.

7.  The azeotrope-like compositions of claim 1 consisting essentially of
from 98.8 to 99.99 weight percent said 1,1,2,3,3-pentafluoropropane and from
0.01 to 1.2 weight percent said ethanol and from 0 to 0.4 weight percent said
nitromethane wherein s2id compositions boil at 38.5°C at 760 mm Hg.

8. The azeotrope-like compositions of claim 1 wherein said
compositions additionally contain an inhibitor selected from the group consisting of
alkanols having 4 to 7 carbon atoms, nitroalkanes having 2 ta 3 carbon atoms, 1,2-
epoxyalkanes having 2 to 7 carbon atoms, phosphite esters having 12 to 30 carbon
atoms, ethers having 3 or 4 carbon atoms, unsaturated compounds having 4 to 6
carbon atoms, acetals having 4 to 7 carbon atams, ketones having 3 to 5 carbon
atoms, and amines having 6 to 8 carbon atoms.

9. The azeotrope-like compositions of claim 2 wherein said
compositions additionally contain an inhibitor selected from the group counsisting o:
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ufed as the solvents. O eanliness testl ng of the COUDWLP&W&HEET

*measurenent of the weight chgr < GOpOry usi ngl aft anal yti cal balfance
to determne the total resid éﬂHI&ﬁHEEThV’@ BpEe

after ¢l pa
EXAMPLES 5 AND 6 Eac} pliles 1 apd r%z UG |1$ added to
mneral oil in a weight rati o of 50,5 Z71err] C. Each—selvent—Ts

mscible in the mneral oil. ‘_14

alkagols having 4 to 7 carbon atoms, aftroalkanes having 2 to 3 carbon aioms, 12-
epoxyalkanes having 2 to 7 carbon atoms, phosphite esters having 12 to 30 carbon
atoms, ethers having 3 or 4 carbon atoms, unsaturated compounds having 4 to 6
carbon atoms, acetals having 4 to 7 carbon atoms, ketones having 3 to § carbon
atoms, and amines having 6 to § carbon ators.

10. A method of dissotving contaminants or removing contaminants
from the surface of a substrate which comprises the step of
using said azsotrope-like composition of claim 1 as solvent.
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EXAMPLES 7 AND 8 Metal coupons are soiled wilh variems
oil. The soiled netal coupons are inmerse |nREmBA§ENﬁ§ﬂi§ éﬁﬁ
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and .2 above for a period of 15 seconds to wed
to air dry. Upon visual inspection, the s& ley@uiads)s t.pagrd
r enoved. EXAMPLES 9 AN th@wing(s) : pagwaiflof ns are
soiled with various types of 1 % rAbsiract  © paged = 10 Prerm e
| | ! \ag
‘ DAT‘F F RELEIPT ...................
AZEOTROPE-LIKE COMPOSITIONS OF
i.1.2.23.3- PENTAPLUOROPROPANE
BACKGROUND OF THE INVENTION

Vapor degreasing and solvent cleaning with
fluorocarbon based solvents have found widespread use
in industry for the degreasing and otherwise cleaning
of solid surfaces, especially intricate parts and
difficult to remove soils.

In its simplest form, vapor degreasing or solvent
cleaning consists of exposing a room temperature object
to be cleaned to the vapors of a boiling solvent.
Vapors condensing on the object provide clean distilled
solvent to wash away ‘grease or other contamination.
Final evaporation of solvent from the cbject leaves
behind no residue as would be the case where the object
is simply washed in liquid solvent.

For difficult to remove soils where elevated
temperature is necessary to improve the cleaning action
of the solvent, or for large volume assembly line
operations where the cleaning of metal parts and
asgsemblies must be done efficiently and quickly, the
conventional operation of a vapor degreaser consists of
immersing the part to be cleaned in a sump of boiling
solvent which removes the bulk of -the soil, thereafter
immersing the part in a sump containing freshly
distilled solvent near room temperature, and finally
exposing the part to solvent vapors over the boiling
sump which condense on the cleaned part. In addition,
the part can also be "sprayed with distilled solvent

This is the replacement sheet

= 7 JAN 1998

Date:



oil. The soiled netal coupons are sprayed with the solvents of Exanples 1
and 2 above and allowed to air dry. Upon visual inspection, the soi
appears to be substantially renoved. Known additives may be used
with the present azeotrope-like conpositions in order to tailor the
conposition for a particular use. Inhibitors nmay be added to the present
azeotrope-li ke conpositions to inhibit deconposition of the conpositions;
react with undesirabl e deconposition proglucts of the conpositions;

before final rinsing.

Cold cleaning is another application where a
number of solvents are used. In most cold cleaning
applications, the sociled part is either immersed in the
£luid or wiped with rags or similar objects soaked in
solvents and allowed to air dry.

Fluorocarbon solvents, such as
trichlorotrifluorcethane, have attained widespread use
in recent years as effective, nontoxic, and
nonflammable agents useful in degreasing applications
and other solvent cleaning applications.
Trichlorotrifluoroethane has been found to have
satisfactory solvent power for greases, oils, waxes and
the like. It has therefore found widespread use for
'cleaniné electric motors, compressors, heavy metal
parts, delicate precision metal parts, printed circuit
boards, gyroscopes, guidance systems, aerospace and
missile hardware, aluminum parts and the like.

Azeotropic or azeotrope-like compositions are
desired because they do not fractionate upon boiling.
This behavior is desirable because in the previously
described vapor degreasing equipment with which these
solvents are employed, redistilled material is
generated for final rinse-cleaning. Thus, the vapor
degreasing system acts as a still. "Unless the solvent
composition exhibits a constant boiling point, i.e., is
azeotrope-like, fractionation will occur and
undesirable solvent distribution may act to upset the
cleaning and safety of processing. Preferential
evaporation of the more volatile components of the
solvent mixtures, which would be the case if they were
not azeotrope-like, would result in mixtures with
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and/ or prevent corrosion of netal surfaces. Any or all of the follow ng
classes of inhibitors may be enployed in the invention: al kanols having 4
to 7 carbon atons, nitroal kanes having 2 to 3 carbon atons,

3

changed compositions which may have less desirable
properties, such as lower solvency towards soils, less
inertness towards metal, plastic or elastomer
components, and increased flammability and toxicity.
The art has looked towards azeotrope or azeotrope-like
compositions including the desired fluorocarbon
components such as trichlorotrifluorocethane which
include components which contribute additionally
desired characteristics, such as polar functiomality,
increased solvency power, and stabilizers.

The art is continually seeking new fluorocarbon,
hydrofluorocarbon, and hydrochlorofluorocarbon based
azeotrope-like mixtures which offer alternatives for
new and special applications for vapor degreasing and
other cleaning applications. Currently, of particular
interest, are fluorocarbon, hydrofluorocarbon, and
hydrochlorofluorocarbon based azeotrope-like mixtures
with minimal or no chlorine which are considered to be
stratospherically safe substitutes for presently used
chlorofluorocarbons (CFCs). The latter are suspected
of causing environmental problems in connection with
the earth's protective ozone layer. Mathematical
models have substantiated that hydrofluorocarbons, such
as 1,1,2,3,3-pentafluorcpropane (known in the art as
HFC-245ea), will not adversely affect atmospheric
chemistry, being negligible contributors to ozone
depletion and to green-house global warming in
comparison to chlorofluorocarbons such as 1,1,2-
trichloro-1,2,2-trifluorcethane (CFC-113).

Buropean Publication 431,458 published June 12,
1991 teaches a mixture of 1,1,2,3,4,4-hexafluorocbutane
and ethanol. U.S. Patent 5,023,010 teaches an
azeotropic mixture of 1,1,1,2,3,3-hexafluoro-3-
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1, 2- epoxyal kanes having 2 to 7 carbon atons, phosphite esters having 12 to
30 carbon atons, ethers having 3 or 4 carbon atons, unsaturated conmpounds
having 4 to 6 carbon atons, acetals having 4 to 7 carbon atonms, ketones
having 3 to 5 carbon atons, and ami nes having 6 to 8 carbon atons. O her

suitable inhibitors will readily occur to those skilled in the art. In
sprayi ng applications, the azeotrope-|i k(i conpositions nmay be sprayed onto
a surface by using a propellant. The .i nhibitors may be used al one

Dhoch on't he BaABTBEopind kol BRCRARSTS. 1%, CPhdac 2. d8sTREY" > Peroe
teaches an azeotropic mixture of
hexafluoropropylene/ethylene cyclic dimer and methanol
or ethanol. U.S. Patent 5,064,559 teaches an
azeotropic mixture of 1,1,1,2,3,4,4,5,5,5- ‘
decafluoropentane and methanol or ethanol. U.S. Patent
5,073,291 teaches an azeotrope-type mixture of 1,4- '

dihydroperflucrobutane and methanol.

U.S. Patents 5,073,288.and 5,073,290 teach binary
azeotrope-like compositions of 1,1,1,2,2,3,5,5,5-
nonafluoro-4-trifluoromethylpentane or 1,1,1,2,2,5,5,5-
octatluoro-4-trifluoromethylpentane and methanol or
ethanol.

Our solution to the need in the art for substitutes
for chlorofluorocarbon solvents are azeotrope-like ‘or
constant-boiling compositions consisting;essentiallj of
1,1,2,3,3-pentafluoropropane and methanol or ethanol and
optionally nitromethane.

. _The ncvel azeotrope-like compositions
comprise effective amounts of 1,1,2,3,3- '
pentafluoropropane and methanol or ethanol and
optionally nitromethane. The term "effective amounts®
as used herein means the amount of each component which
upon combination with the other component, results in
the formation of the present azeotrope-like
compositions.

This is the replacement sheet

-7 Jan 1988

Date:



corrbosi tion of inhibitor m ght be used.
12 What is clained is:

5

The azeotrope-like compositions as claimed in claim
1 consist essentially of from 89 to about 99.99 weight
percent of 1,1,2,3,3-pentafluoropropane and from 0.01 to
11 of methanol or ethanol and from 0 to 1 weight percent
nitromethane. Preferred embodiments are claimed in claims
2 to 9. A method using the azeotrope-like composition-

claimed in claim 1 is claimed in claim 10.

The present azeotrope-like compositions are
advantageous for the following reasons. The 1,1,2,3,3-
pentafluoropropane is a negligible contributor to ozone
depletion and has a boiling point of 40°C. The
methanol and ethanol components have good solvent
properties. Thus, when these ccﬁponents are combined
in effective amounts, an efficient azeotrope-like
solvent results.

The preferred azeotrope-like compositions are in
the Table below where 1,1,2,3,3-pentafluoropropane is
abbreviated as HFC-245ea. In the Table, the numerical
ranges are understood to be prefaced by "about®.

98.5-99.99 | 98.8-99.99
0.01-1.8 0.01-1.2
0-0.§ 0-0.4
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1. Azeotrope-like conpositions consisting essentially of from89 to
.99. 99 wei ght percent of 1,1, 2,3, 3-pentafluoropropane and fromO0.01 to 11
wei ght percent of methanol or ethanol and fromO to 1 weight percent

ni t r onet hane. 2. The azeotrope-like conpositions of claiml
consisting essentially of from89 to 99.5 weight percent said

1,1, 2,3, 3-pentafl uoropropane and from0.5 to 11 wei ght percent said

met hanol and fromO to 1 wei ght percent &ai d nitromethane wherein said

compositions bOI|A3& %%mé%%&%h%&?:QQQKHE“JEQ indicated ranges, as
well as certain compositions outside the indicated
ranges, are azeotrope-like, as defined more
particularly below.

The precise azeotrope compositions have not been
determined but have been ascertained to be within the
above ranges. Regardless of where the true azeotropes
lie, all compositions with the indicated ranges, as
well as certain compositions ocutside the indicated
ranges, are azeotrope-like, as defined more
particularly below.

The term "azeotrope-like composition®" as used
herein is intended to mean that the composition behaves
like an azeotrope, i.e. has constant-boiling
characteristics or a tendency not to fractionate upon
boiling or evaporation. Thus, in such compositions,
the composition of the vapor formed during boiling or
evaporation is identical or substantially identical to
the original liquid composition. Hence, during boiling
or evaporation, the liquid composition, if it changes
at all, changes only to a minimal or negligible extent.
This i8 to be contrasted with non-azeotrdpe-like
compositions in which during boiling or evaporatiom,
the liquid composition changes to a substantial degree.
As is readily understood by persons skilled in the art,
the boiling point of the azeotrope-like composition
will vary with the pressure.

The azeocrope-like compositions of the invention
are useful as solvents in a variety of vapor
degreasing, cold cleaning and solvent cleaning
applications including defluxing and dry cleaning.
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3. The azeotrope-like conpositions of claim1 consisting essentially of
from90 to 98.2 weight percent said 1,1, 2,3, 3-pent afl uoropropane and from
1.8 to 10 wei ght percent said nmethanol and fromO to 0.5 wei ght percent
sai d nitronmet hane wherein said conpositions boil at 38.1C at 760 mm Hg.

4. The azeotrope-like conpositions of claim1 consisting essentially of
from90.6 to 97.6 wei ght percent said 1, 192, 3, 3-pent af | uoropropane and from
2.4 to 9.4 weight percent said

In the process embodiment of the invention, the
azeotrope-like compositions of the invention may be
used to clean solid surfaces by treating said surfaces
with said compositions in any manner well known to the
art such as by dipping or spraying or use of
conventional degreasing apparatus. In one process
embodiment of the invention, the azeotrope-like
compositions of the invention may be used to dissolve
contaminants or remocve contaminants from the surface of
a substrate by treating the surfaces with the
compositions in any manner well known to the art such
as by dipping or spraying or use of conventional
degreasing apparatus wherein the contaminants are
substantially removed or dissolved.

The 1,1,2,3,3-pentafluoropropane of the present
invention may be prepared by any known method such as
the reaction of commercially available tetrahydrofuran
and cobalt trifluoride as taught by J. Burdon et al.,
*Partial Fluorination of Tetrahydrofuran with Cobalt
Trifluoride®, J. of Chem. Soc, (€), 1739 (1969). The
methanol; ethanol; and nitromethane components of the
novel solvent azeotrope-like compositions of the |
invention are known materials and are commercially
available.

EXAMPLE 1

This example shows that a minimum in the boiling
point versus composition curve occurs in the region of
95 weight percent 1,1,2,3,3-pentafluorcpropane
(hereinafter HFC-245ea) and 5 weight percent methanol
indicating that an azeotrope forms in the neighborhood
of this composition.

This is the replacement sheet

Dote: ¥ T M 1998



met hanol and fromO to 0.4 weight percent said nitromethane wherein said
conpositions boil at 38.1C at 760 nm Hg. 5. The azeotrope-1like
conpositions of claim1 consisting essentially of from97 to 99.99 wei ght
percent said 1,1, 2,3, 3-pentafl uoropropane and

This is the replacenent sheet

A microebulliometer which consisted of a 15
milliliter round bottom double neck flask containing a
magnetic stirbar and heated with an electrical heating
mantel was used. Approximately 2.5 milliliters of the
lower boiling material, HFC-24S5ea, was charged into the
microebulliometer and methanol was added in small
measured increments by an automated syringe capable of
injecting microliters. The temperature was measured
using a platinum resistance thermometer and barometric
pressure was measured. An approximate correction to
the boiling point was done to obtain the boiling point
at 760 mm Hg.

The boiling point was measured and corrected to
760 mm Hg (101 kPa) for various mixtures of HFC-245ea
and methanol. Interpolation of the data shows that a
minimum boiling point occurs in the region of about 2.4
to about 9 weight percent methanol. The best estimate
of the position of the minimum is 4.7 weight percent
methanol, although the mixtures are comnstant-boiling,
to within 0.4°C, in the region of 0.5 to 10 weight
percent methanol. A minimum boiling azeotrope is thus
shown to exist in this composition range.

No attempt was made to fully characterize and
define the outer limits of the composition ranges which
are constant-boiling. Anyone skilled in the art can
readily ascertain other constant-boiling or essentially
constant-boiling mixtures containing the same
components.

EXAMPLE 2

Example 1 was repeated except that ethanol was
used instead of methanol. Approximately 2.8
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13 from 0.01 to 3 weight percent said ethanol and from 0 to 1 weight

percent said nitronmethane wherein said conpositions boi
760 mm Hg.

9

at 38.5[err]C at

milliliters of the lower boiling material, HFC-245ea,
were initially charged into the microebullicmeter and
ethanol was added in small measured increments by an
automated syringe capable of injecting microliters.

The boiling point was measured and corrected to 760 mm
Hg (101 kPa), for various mixtures of HFC-245ea and
ethanol. Interpolation of these data shows that a
minimum boiling point occurs in the region of about 0.1
to about 0.8 weight percent ethanol. The best estimate
of the position of the minimum is 0.5 weight percent
ethanol, although the mixtures are constant-boiling, to
within 0.2°C, in the region of 0.01 to 2 weight percent -
ethanocl. A minimum boiling azeotrope is thus shown to

exist in this composition range.

BEXAMPLES 3 AND 4

Performance studies are conducted wherein metal
coupons are cleaned using the present azeotrope-like
compositions as solvents. The metal coupons are soiled
with various types of oils and heated to 93°C so as to
partially simulate the temperature attained while
machining and grinding in the presence of these oils.

The metal coupons thus treated are degreased in

a three-sump vapor phase degreaser machine.

In this

typical three-sump degreaser, condenser coils arcund
the 1ip of the machine are used to condense the solvent
vapor which is then collected in a sump. The
condensate overflows into cascading sumps and

eventually goes into the boiling sump.

The metal coupons are held in the solvent vapor
and then vapor rinsed for a period of 15 seconds to 2

minutes depending upon the oils selected.

The
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6. The azeotrope-like conpositions of claim1l consisting essentially of
from98.5 to 99.99 weight percent said 1,1, 2,3, 3-pentaf| uoropropane and
from0.01 to 1.5 weight percent said ethanol and from 0 to 0.5 weight
percent said nitronethane wherein said conpositions boil at 38.5[err]C at
760 mm Hg. 7. The azeotrope-like conpositions of claiml
consisting essentially of from 98.8 to 99 99 wei ght percent said

1,1, 2,3, 3-pentafl uoropropane and from O 101 to 1.2 wei ght percent said

ethanol and f%%@oé%&ﬁ% fike caﬁ% 1%?%%%”%5 Examples 1 and 2 are
used as the solvents. C(Cleanliness testing of the
coupons is done by measurement of the weight change of
the coupons using an analytical balance to determine
the total residual materials left after cleaning.

EXAMPLES S AND ©

Each solvent of Examples 1 and 2 above is added
to mineral oil in a weight ratio of 50:50 at 27°C.
Bach solvent is miscible in the mineral oil.

- EXAMPLES 7 AND 8

Metal coupons are soiled with various types of
oil. The soiled metal coupons are immersed in the
solvents of Examples 1 and 2 above for a period of 15
seconds to 2 minutes, removed, and allowed to air dry.
Upon visual inspection, the soil appears to be
substantially removed.

EXAMPLES 9 AND 10
" Metal coupons are soiled with various types of
oil. The soiled metal coupons are sprayed with the
solvents of Examples 1 and 2 above and allowed to air
dry. Upon visual inspection, the soil appears to be
substantially removed.

Known additives may be used with the present
azeotrope-like compositions in order to tailor the
composition for a particular use. Inhibitors may be
added to the present azeotrope-like compositions to
inhibit decomposition of the compositions; react with
undesirable decomposition products of the compositions;
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sai d nitronmet hane wherein said conpositions boil at 38.5C at 760 nm Hg.

8. The azeotrope-like conpositions of claim31 wherein said conpositions

additionally contain an inhibitor selected fromthe group consisting of

al kanol s having 4 to 7 carbon atons, nitroal kanes having 2 to 3 carbon

atons, 1, 2-epoxyal kanes having 2 to 7 carbon atons, phosphite esters having

12 to 30 carbon atons, ethers having 3 or 4 carbon atons, unsaturated

conmpounds having 4 to 6 carbon atons, aggtals having 4 to 7 carbon atons,

ket ones having 3 to 5 carbon atons, and am nes having 6 to 8 carbon atons.
and/or prevent corrosion of metal surfaces. Any or all

of the following classes of inhibitors may be employed
in the invention: alkanols having 4 to 7 carbon atoms,
nitroalkanes having 2 to 3 carbon atoms,
1,2-epoxyalkanes having 2 to 7 carbon atoms, phosphite
esters having 12 to 30 carbon atoms, ethers having 3 or
4 carbon atoms, unsaturated compounds having 4 to 6
carbon atoms, acetals having 4 to 7 carbon atoms,
ketones having 3 to 5 carbon atoms, and amines having 6
to 8 carbon atoms. Other suitable inhibitors will
readily occur to those skilled in the art. In spraying
applications, the azeotrope-like compositions may be
sprayed onto a surface by using a propellant.

The inhibitors may be used alone or in mixtures
thereof in any proportions. Typically, up to about 2
percent based on the total weight of the azeotrope-like
composition of inhibitor might be used.
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9. The azeot rope-1like conpositions of claim2 wherein said conpositions
.additionally contain an inhibitor selected fromthe group consisting of
C LMS

12
What is claimed ig:

1. Azeotrope-like compositions consisting
essentially of from 89 ¢to 99.99 weight percent of
1,1,2,3,3-pentafluoropropane and from 0.01 to 11 weight
percent of methanol or ethanol and from 0 to . 1 weight

percent nitromethane.

2. The azeotrope-like compositions of claim 1
consisting essentially of from abeut-89 to abeut 99.5
weight percent said 1,1,2,3,3-pentafluoropropane and
from abeut 0.5 to abeut-1l1 weight percent said methanol
and from abeut 0 to -abeut 1 weight percent said
nitromethane wherein said compositions boil at abeus
38.1°C at 760 mm Hg.

3. The azeotrope-like compositions of claim 1
consisting essentially of from -abeut 90 to -abeut 98.2
weight percent said 1,1,2,3,3-pentafluoropropane and
from abeut- 1.8 to abeut- 10 weight percent said methanol
and from -abeut-0 to -abeut 0.5 weight percent said
nitromethane wherein said compositions boil at -abeut-
38.1°C at 760 mm Hg.

4. The azeotrope-like compositions of claim 1
consisting essentially of from abeut-90.6 to -abeut 97.6
weight percent said 1,1,2,3,3-pentafluoropropane and
from -abeut 2.4 to abeut-9.4 weight percent said
methanol and from abeut 0 to -abeuk 0.4 weight percent
said nitromethane wherein said compositions boil at
-abous 38.1°C at 760 mm Hg.

5. The azeotrope-like composit:ioné of claim 1
consisting essentially of from abeut—97 to -abeut-99.99
weight percent said 1,1,2,3,3-pentafluoropropane and
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14 al kanols having 4 to 7 carbon atons, nitroal kanes having 2 to 3 carbon
atoms, 1, 2-epoxyal kanes having 2 to 7 carbon atons, phosphite esters having
12 to 30 carbon atons, ethers having 3 or 4 carbon atons, unsaturated
conpounds having 4 to 6 carbon atons,

13

from -abeus- 0.01 to abeut- 3 weight percent said ethanol
and from alkeut 0 to -abeut-1 weight percent said
nitromethane wherein said compositions boil at -abewe—
38.5°C at 760 mm Hg.

6. The azeotrope-like compositions of claim 1
consisting essentially of from-abeut- 98.5 to-about-
99.99 weight percent said 1,1,2,3,3-pentafluorcpropane
and from -abeut—0.01 to about- 1.5 weight percent said
ethanol and from-abeut- 0 to about- 0.5 weight percent
said nitromethane wherein said compositions boil at

-abeut 38.5°C at 760 mm Hg.

7. The azeotrope-like compositions of claim 1
consisting essentially of from-abeut- 98.8 to -abeut
99.99 weight percent said 1,1,2,3,3-pentafluoropropane
and from abewe 0.01 to abeut- 1.2 weight percent said
ethanol and from -abeut 0 to abeut 0.4 weight percent
said nitromethane wherein said compositions boil at
-about 38.5°C at 760 mm Hg.

8. The azeotrope-like compositions of claim 1

- wherein said compositions additionally contain an
inhibitor selected from the group consisting of
alkanols having 4 to 7 carbon atoms, nitroalkanes
having 2 to 3 carbon atoms, 1,2-epoxyalkanes having 2
to 7 carbon atoms, phosphite esters having 12 to 30
carbon atoms, ethers having 3 or 4 carbon atoms,
unsaturated compounds having 4 to 6 carbon atoms,
acetals having 4 to 7 carbon atoms, ketones having 3 to
5 carbon atoms, and amines havin376 to 8 carbon atoms.

9. The azeotrope-like compositions of claim 2
wherein said compositions additionally contain an
inhibitor selected from the group consisting of
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acetals having 4 to 7 carbon atons, ketones having 3 to 5 carbon atons, and

am nes having 6 to 8 carbon atons. 10. A nethod of dissolving
contam nants or renoving contam nants fromthe surface of a substrate which
conprises the step of: usi ng said azeotrope-like conposition of

claim as sol vent.

14

alkanols having 4 to 7 carbon atoms, nitroalkanes
having 2 to 3 carbon atoms, 1,2-epoxyalkanes having 2
to 7 carbon atoms, phosphite esters having 12 to 30
carbon atoms, ethers having 3 or 4 carbon atoms,
unsaturated compounds having 4 to 6 carbon atoms,
acetals having 4 to 7 carbon atoms, ketones having 3 to.
5 carbon atoms, and amines having 6 to 8 carbon atoms.

10. A method of dissolving contaminants or
removing contaminants from the surface of a substrate
which comprises the step of:

using said azeotrope-like composition of claim

1 as solvent.
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Azeotrope-like compositions comprising
1,1,2,3,3-pentafluoropropane and methanol or ethanol
and optionally nitromethane are stable and have utility
as degreasing agents and as solvents in a variety of
industrial cleaning applications including cold
cleaning and defluxing of printed circuit boards and
dry cleaning.
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