PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5 :
C23G 5/028, C11D 7/50 _ Al

(11) International Publication Number:

(43) International Publication Date:

WO 93/22476
11 November 1993 (11.11.93)

(21) International Application Number: PCT/ US93./ 01130

(22) International Filing Date: 9 February 1993 (09.02.93)

(30) Priority data:

873,861 27 April 1992 (27.04.92) US

(71) Applicant: ALLIED-SIGNAL INC. [US/US]; 101 Colum-
bia Road, P.O. Box 2245, Morristown, NJ 07962-2245
(US).

(72) Inventors: BASU, Rajat, Subhra ; 167 Shetland Drive, Wil-
liamsville, NY 14221 (US). LOGSDON, Peter, Brian ;
1536 Kingston Avenue, North Tonawanda, NY 14120
(US). STACHURA, Leonard, Michael ; 3838 Big Tree
Road, Hamburg, NY 14075 (US). LUND, Earl, A, E. ;
404 Reserve Road, West Seneca, NY 14224 (US).

(74) Agent: FUCHS, Gerhard, H.; Allied-Signal Inc., Attn:
Law Dept. (C.A. McNally), 101 Columbia Road, P.O.
Box 2245, Morristown, NJ 07962-2245 (US).

(81) Designated States: AU, BB, BG, BR, CA, FL, HU, JP, KP,
KR, LK, MG, MN, MW, NO, PL, RO, RU, SD, Buro.
pean patent (AT, BE, CH, DE, DX, ES, FR, GB, GR,
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF.
CG, CI, CM, GA, GN, ML, MR, SN, TD, TG).

Published
With international search report.

(54) Title: AZEOTROPE-LIKE COMPOSITIONS OF 1,1,2,3,3-PENTAFLUOROPROPANE

(57) Abstract

Azeotrope-like compositions comprising 1,1,2,3,3-pentafluoropropane and methanol or ethanol and optionally nitrome-
thane 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.




applications under the PCT.

FOR THE PURPOSES OF [NFORMATION ONLY

Codes used to ldennfy States party to thl. PCT on the fmnt pages of pamphlets publishing international

Austria .
Australia. -
Barbados
Belgium
Burkina Faso
Bulgaria
Benin

Brazil
Canada
Central African Republic
Congo

" Switzerland

Cote d’lvoire
Canicroon
Cuzechoslovakia
Czech Republic
Germany
Denmark -
Spain

_ Finland

FR

GA

GB
GN
GR
HU
IE
IT
e

KR

KZ

%

LK

LU

MC
MG

ML

" France

Gabon .
United l\mgdom
Guinca

Greece

Hungary
Ircland

ltaly

Japan

- Democratic P(.oplz. s RLpuhhc.

of Korea
Republic of Korc;x
Kazakhstan -
Licchienstein

‘Sri Lanka

Luxembourg
Monaco

' Madagascar

Mali
Mongolia

MR

NL.
NO

R

RO
RU

SE
SK
SN
su
™D
TG

us -
WN

“Mauritania

Malawi
Netherlands
Norway

New Zealand
Poland

Portugal

Romania
Russian Federation
Sudan

~ Sweden

Slovak Republic

. Senegal

Soviet Union

" Chad

Togo

Ukraine

United States of America
Viet Nam

)



WO 93/22476 PCT/US93/01130

10

15

20

25

30

35

AZEQTRQPE-LIKE MP TION F
1,1 -PENT. ROPROPANE

B. R F ION

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 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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before final rinsing.

Cold cleaning,is,another application where a
number of solvents are used. In most cold cleaning
applicatiéns,'the SOiledrpart ig either immersed in the
fluid or wiped with'fags or sgimilar objects soaked in
solvents and allowed to air dry. | ' |

Fluorocarbon ebivents, such as
trichlorotrifluoroethene; have attained widespread use
in recent years as effective, nontoxic, and
nonflammable'agenteruseful in degreasing applications
and other solvent cleaning applications. '

_Trichlorotrifluoroethane has been found to have

satisfactory soivent'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,,gﬁidance systems, aerospace and
missile hardware, aluminum parts and the like.

Azeotropic or azeotrope-like compositions are

idesired because they do not fractionate upon boiling.

This behavior is desirable because in the previously
described vapor degreasingrequipment.with which these
solvents are'employed,'redietilled material is
generated for final rinse-cleaning. Thus, the vapor
degreasing system aéts'as a still. Unless the solvent

‘composition exhibits a comstant boiling point, i.e., is

azeotrope-like, fractionation will occur and
undesirable solvent distribition 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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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.

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
chemistry, being negligible contributors to ozone
depletion and to green-house global warming in
comparison to chlorofluorocarbons such as 1,1,2-

30 trichloro-1,2,2-trifluoroethane (CFC-113).

European 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
35 azeotropic mixture of 1,1,1,2,3,3-hexafluoro-3-
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~methoxypropane and methanol. U.S. Patent 5,035,830

teaches an azeotropic mixture of
hexafluoropropylene/ethylene'cyclic dimer and methanol
or ethanol.r,U.S{'Patent 5,064,5597teaches an
azeotropic mixture of 1,1,1,2,3,4,4,5,5,5- .
decafluoropentane and méthanol or~ethandl{ U.S. Patent
5,073,291 teachesran'azéotrope-type»mixture of 1,4-
dihydroperfluorobutane and methanol,

U.S. Patents 5,073,288 and 5,073,290 teach binary
azeotrope-like compositions of‘l;l;1,2,2,3,5,5,5-

rnonafluoro-4-trifluoromethylpentane or 1,1,1,2,2,5;5;5-

octafluoro~4-tfifluoromethylpentane'and methanol or
ethanol. ‘ '

D "RIPTION OF I N

Our solution to the need in the art for
substitutes for chlo:bfluorocarbon solvents is mixtures
comprising¢1;1,2,3,3-pentafluoropropane and methanol or
ethanol and optibnallyrnitrométhanei Also, novel

 azeotrope-like or'constant-boiling_compositions have

been discovered comprising 1,1,2,3,3-pentafluoropropane
and methanol orréthanol and optionally'nitrbmethane.

Preferably, the novel azeotrope-like compositions
comprise effective amounts'of 1,1,2,3,3-
pentafluoropropane and methanol or ethanol and
optionaily 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 présent azeotrope-like
compositions. ' |
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The azeotrope-like compositions comprise 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

5 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. The
methanol and ethanol components have good solvent
properties. 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. In the Table, the numerical
ranges are understood to be prefaced by "about".
20
25
COMPONENTS PREFERRED MORE MOST BOILING
RANGE PREFERRED PREFERRED POINT
(WT. %) RANGE RANGE (°C)
(WT. %) (WT. %) {760mmHg)
{
HFC-245ea 89-99.5 90-98.2 90.6-97.6 38.1
+ 0.4
Methanol 0.5-11 1.8-10 2494
Nitromethane 0-1 0-0.5 0-0.4
30 HFC-245ea 97-99.99 98.5-99.99 98.8-99.99 38.5
+ 0.2
Ethano! 0.01-3 0.01-1.5 0.01-1.2
Nitromethane 0-1 0-0.5 0-0.4

35
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All compositions within the indicated ranges, as
well as certain compositions outside the indicated
ranges, are azeotrope-like, as defined more

L2

'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 llke, as defined more
partlcularly below.'

The term "azeotrbpe-like composition" as used
herein is intended to mean that the comp081t10n behaves
like an azeotrope, i. e. has constant-bo;llng

- characteristics or a tendency not to fractionate upon

boiling or evaporatidn.'.Thus,rin such compositions,
the composition of the vapor formed' during boiling or
evaporatioh is identical or substantially identical to
the original liqﬁid‘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 compositioh changes-to a substantial degree.
As is readily understood by persons skilled in the art,
the,bolllng point of the azeotrope -like comp051t10n
will vary with the pressure.

The azeotrope- llke comp031tlons of the 1nventlon

=]

are useful as solvents in a variety of vapor
degreaszng, cold cleaning and solvent cleaning
applications including defluxing and dry cleaning.
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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 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-pentaflucropropane 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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A microebulliometer which consisted of a 15
milliliter round bottom double neck flask containing a
magneticistirbar 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 7
measured increments by an automated syringe capable of
injecting'microlitersQ, 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 boiliﬁg 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 withiﬁ 0.4°C, in the regidn 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

0y
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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 presént 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 dégreased 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
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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azeotrope-like.eqmpositions 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 usingwsn analytical balance to determine

the total residual materials left after cleaning.

- EXAMPLES 5 AND 6 -
-Bach solvent of Examples 1 and 2 above is added

to mineral oil 1n,a,we1ght ratio of 50:50 at 27°C.
Each solvent is miscible in the m1nera1 011.

o Metal coupons are soiled with various types of
oil. The soiled metal coupons are immersed in the

-solvents of Examplesrl'and 2 above for a period of 15

seconds to 2 minutes, removed, and allowed to ai: dry.
Upon visual inspection, the soil appears to be
substantially removed.

‘Metal coupons are soiled with various types of
oil. The soiled metal coupons are sprayed with the

gsolvents of Examples 1 and 2 above and allowed to air
dry. Upon visual 1nspectlon, the soil appears to be

 substantially removed. -

>y

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 presentlazedtrope-like compositions to
inhibit deCOmpesitiqn.of'the'compositions; react with
undesirable decomposition products of the compositions;



WO 93/22476 PCT/US93/01130

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. 1In 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
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What is claimed is:

1. Azeotrope-like compositions cdmprising from
about 89 to about 99.99 weight percent of 1,1,2,3,3-
pentafluorbprbpane and from about 0.01 to about 11 of
methanol or ethanol and from 0 to about 1 weight
percént nitromethane. N

2. The azeotrope-like'compositibns of claim 1
consisting essentially of from about 89 to about 99.5
weight percent said 1,1,2,3,3—pentaf1uoropropahe and
from about 0.5 to about 11 weight percent said methanol
and from about 0 to about 1 weight perCent.said
nitromethane whe;ein said composi;idns 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-pentaflﬁoropropane and
from about 1.8 to about 10 weight percent said methanol
and from:about_O'tb'aboﬁt 0.5 weight percent said
nitromethane wherein said dompositions boil at about
38.1°C at 760 mm Hg. '

4. The_azeotrdpe‘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 ézeotrope-like compositions of claim 1
consisting essentially of from about 97 to-about 99.99

'weight percent said 1,1,2,3,3-pentafluoropropane and

“.
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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-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 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




WO 93/22476 ' 7 ' PCT/US93/01130

10

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, etherthaving 3 or 4 carbon atoms,
unsaturated compounds having 4 to 6 carbon atoms,
acetals having 4 to 7rcarbon 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: o
- using séid azeotrope-like compoéition of ciaim

2 as solvent.

-~
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