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The invention relates to compositions comprising
pentafluorcbutane and to the use of these compositions,
especially as cleaning and/or drying agents for solid
surfaceé. )

Completély halogenated chlorofluorinated hydro-
carbons (CFCs), in particular 1,1,2-trichloro-1,2,2-
trifluoroethane (CFC-113), are widely used as solvents in
industry for degreasing and cleaning various surfaces,
particularly'for solid components of complicated shape
which are,difficult to clean. In addition to their use in
electronics in cleaning soldering fluxes in order to
remove the pickling fiux which adheres to printed cir-
cuits, they are also conventionally uséd for degreasing
metal components or for cleaning mechanical components of
high qualit:y' and of high precision. In these various
applications, CFC-113 is most often used in combination

with other organic solvents, preferably in the form of’

azeotropic or pseudoazeotropic compésitions ha.-vihg
substantially the same composition in the vapour phase
and in the liquid phase, so that they .can be easily
employed at reflux.

Compositions based on CFC-113 are also con-
ventionally used as desiccating agents, in order to

remove the water adsorbed at the surface of solid compo-

halogenated chlorofluorocalkanes, is today suspected of
being involved in the destruction of the stratospheric

ozone layer.

Consequently, there is currently an urgent need
to find new compositions which do not have a harmful
influence on the ozone layer. " '

To this end, a certain number of azeotropic

compositio‘ns "based on hydrofluoroalkanes have recently.

been proposed. In particular, Patent Application
EP-A-0 .512,885 (E1lf Atochem) proposes an azebtropic
composition comprising, by weight, 93 to 99% of
1,1,1,3,3-pentafluorobutane (HFA-36 Smfc) and from 7 to 1%
of methanol. ' E o

However, CFC-113, as well as other completely
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One of the objectives of the present invention is
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to provide other compositions, optionally forming azeo-

tropes or pséudoazeotropes, which are particularly
effective when they are used as cleaning agents in
solvent cleaning processes. A further subject of the
invention is such compositions having properties particu-
larlylsuited to cleaning printed circuit boards. Another
objective of the invention is to provide such composi -
tions which do not have a.destructive effect with respect
to the ozone layer, compositions which can consequently
be used as replacements for solvents based on completely
halogenated chlorofluoroalkanes.

The present invention consequently relates to
compositions comprising 1,1,1,3,3-pentafluorobutane and
l1,2-dichloroethylene.

_ 1,2-Dichloroethylene exists in two isomeric
forms, cis-1,2-dichloroethylene and trans-1,2-dichloro-
ethylene. For the purpdseé of the present invention, 1,2~
dichioroethylene is understood to mean, without distinc-
tion, one or the other isomer or a mixture of these.
Nevertheless, trans-1,2-dichloroethylene is the preferred
isomer. .

The 1,1,1,3,3-pentafluorocbutane and 1,2 -dichioro-_
ethylene contents in the compositions according to the
invention can vary within wide limits, depending on the
use envisaged. .

The compositions accérding to the invention
generally contain at least 45% by weight of 1,1,1,3,3-
pentafiuorobutane. They advanﬁageously contain at least
50% by weight thereof. In‘a particularly preferred way,
they contain at least 60% thereof. They can contain up to
90% by weight thereof. Most often, they contain at most
85% by weight thereof, preferably at most 80% by weight.

The compositions according. to the invention
contain from 10 to 55% by weight of 1,2-dichloroethylene.

They preferably contain from 15 to 50% thereof. In a

particularly preferred way, they contain from 20 to 40%
thereof. ' '
Advantageously, the compositions according to the
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invention additionally contain an alkanol chosen from

methanol, ethanol, propanol and isopropanol. As a general
rule, the amount of alkanol present in the compositions
according to the invention does not exceed 15% of the
weight of the composition. Preferably, they contain from
0.5 to 10% thereof. |

Various additives can optionally be present in
the compositions according to the invention. The composi-
tions according to the invention can thus contain stabil- -
izing agents, surface-active agents or any other addi-
tives making it possible to improve the behaviour of the
compositions according to the invention during their use.
The nature and the amount of these additives depend on
the use envisaged and are easily defined by those skilled
in the art. As a general rule, the amount of additives
present in the compositions according to the invention
does not exceed approximately 20% of the weight of the
composition, most often not more than 10%.

Preferred compositions according to the invention
are those which contain 1,1,1,3,3-pentafluorobutane and
1,2-dichloroethylene in proportions in which they form an
azeotrope or a pseudoazeotrope.

Particulariy preferred compositions according to
the invention are those which contain 1,1,1,3,3-penta~
fluorobutane, 1,2-dichloroethylene and an alkanol chosen
from methanol and ethanol in proportions in which they
form a ternary azeotropé or pseudoazeotrope.

Fundamentaily the thermodynamic state of a fluid
is defined by four. interdependent variables: the pressure
(P), the temperature (T), the composition of the liquid
phase (X) and the composition of the gas phase (Y). An
azeotrope is a specific system containing at least two
components in which, at a given'temperature and a given
pressure, X is exactly equal to Y. A pseudoazeotrope is
a system containing at least two components in which, at
a given temperature and a given preésure, X is
substantially equal to Y. In practice, this means that
the constituents of such azeotropic or pseudoazeotropic
systems cannot be easily separated by distillation and
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consequently their composition remains substantially

D

constant in solvent cleéning operations, as well as in
operations for recovering spent solvents by distillation.

For the purposes of the present invention,
pseudoazeotrope is understood to mean a mixture of two or
a number of constituents whose boiling point (at a given
pressure) differs from the boiling point of the azeotrope
by at most 0.2°C.

1,1,1,3,3-Pentafluorobutane and 1,2-dichloro-
ethylene form a binary azeotrope or pseudoazeotrope when
their mixture consists essentially of 56% to 82% by
weight of 1,1,1,3,3-pentafluorobutane and of 44 to 18% by
weight of 1,2-dichoroethylene. A preferred composition
forming an azeotrope or pseudoazeotrope consists of 60 to
78% by weight of 1,1,1,3,3-pen£af1uorobutane and of 40 to
22% by weight of 1,2-dichloroethylene. At a pressure of
1022 mbar, the binary composition consisting essentially
of approximately 70% by weight of 1,1,1,3,3-pentafluoro-
butane and of approximately 30% by weight of 1,2-di-

. chloroethylene constitutes an azeotrope whose boiling

point is approximately 36.3°C. This composition is very
particularly advantageous.

1,1,1,3,3-pentafluorocbutane, 1,2-dichloroethylene
and methanol form a ternary azeotrope or pseudoazeotrope

~when their mixture consists essentially of 62 to 68% by

weight of 1,i.1,3,3-pehtaf1uorobutane, of 28 to 34% by

- weight of 1,2-dichlorocethylene and of 2 to 7% by weight

of methanol. At atmospheric pressure, the ternary compo-
sition-consisting'essentially of approximately 64.9% by
weight of 1,1,1,3,3-pentafluorobutane, approximately
31.5% by weight of 1,2-dichloroethylene and approximately
3.6% by weight of methanol constitutes an azeotrope whose

“boiling point is approximately 32°C. This composition is.

very particularly advantageous. .

' 1,1,1,3,3-Pentafluorobutane, 1,2-dichloroethylene
and ethanol form a ternary azeotrope or pseudoazeotrope
when their mixture consists essentially of 64 to 68% by
weight of 1,1,1,3,3-pentafluorobutane, of 30 to 35% by
weight of 1,2-dichloroethylene and of 1 to 3% by weight
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of ethanol. At atmospheric pressure, the ternary composi-

tion consisting essentially of approximately 66.1% by
weight of 1,1,1,3,3-pentafluorocbutane, approximately
32.3% by weight of 1,2-dichloroethy1ene.and approximately
1.6% by weight of ethanol constitutes an azeotrope whose
boiling point is approximately 34°C. This composition is
very particularly advantageous. .

The compositions according to the invention have
a suitable boiling point for replacing compositions based
on CFC-113 in existing cleaning equipment. As regards its
impact on the enviromnment, 1,1,1,3,3-pentafluorobutane
appears particularly advantageous, since it has a zero
destructive potential for ozone. The compositions accord-
ing to the invention are additionally inert towards the
various types of surfaces to be treated, whether they are
metal, plastic or glass. _

The compositions according to the invention can
consequently be used in the same applications and accord-
ing to the same techniques as the prior compositions
based on CFC-113. In particular, the compositions accord-
ing to the invention can be used as cleaning agents,
solvents, degreasing agents, defluxing agents or desic-
cating agents. The ternary compositions containing an
alkanol appear particularly advantageous, in particular
those where the constituents are present in proportions'

in which they form an azeotrope or pseudoazeotrope.

The invention consequently also relates to the
use of the compositions according to the invention as
cleaning agents, as degreasing agents for solid surfaces,
as cleaning agents for priﬁted circuit boards contami-
nated by a pickling f£lux and residues from this flux, or
as desiccating agents for removing the water adsorbed at
the surface of solid 6bjects.

The examples below, without implied limitation,

illustrate the invention in a more detailed way.

Example 1 '
A glass'apparatus consisting of a 50 ml distilla-

tion flask surmounted by a reflux condenser was used to
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reveal the existence of binary azeotropic or pseudoazeo-~

- tropic compositions between 1,1,1,3,3-pentafluorobutane

and 1,2-dichloroethylene. The temperature of the liquid
is measured using a thermometer inserted into the flask.

20.9 g of pure 1,1,1,3,3-pentafluorobutane were
heated at a pressure of 1022 mbar until boiling and then
small amounts of trans-1,2-dichloroethylene, accurately
weighed, were progressively introduced into the flask
using a syringe, via a side tube.

Determination of the azeotropic composition was
carried out by noting a change in the boiling temperature °
of the mixture according to its composition. The composi-
tion for which a minimum boiling point was observed is
the azeotropic composition at the operating pressure.

The boiling temperatures obtained for different
compositions of 1,1,1,3,3¥pentafluorobutane (PFBA) and
:rané-l,2-dich10roethylene (DCEe) are collated in thel
table below. It is observed therein that the best estima-
tion of the composition for which the boiling point is
minimum (36.3°C) is approximately 70% by weight of
1,1,1,3,3-pentafluorobutane and 30% by weight of trans-
1,2-dichloroethylene. The boiling point is 36.5°C & 0.2°C
for a composition containing approximately 56 to 82% by
weight of 1,1,1,3,3-pentafluorobutane, at a pressure of
1022 mbar.
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TABLE I
PFBA, g DCEe added, g DCEe Content Boil.
' point,
(cumulative amt.) | weight % | mol % °C
ji
20.9 -0 0.00 0.00 40.8
| 0.087 0.42 0.63 40.5
0.211 1.00 1.52 40.3
0.488 2.28 3.44 39.9
0.826| = 3.80 5.69. 39.4
1.018 4.65 6.92 39.1 |
1.302 5.86 8.69 38.8
1.629 7.23]| 10.63 © 38.4
1.891 8.30 | 12.14 38.1
2.228 9.63| 14.00 37.8
2.627 11.16 | 16.10 37.7
3.018 12.62| 18.06 37.4 ‘
3.570 14.59 | 20.69 37.1 l
4.019 16.13 | 22.69 36.9
4.577 17.90 | 24.98" 36.7
5.451 20.68| 28.48 36.6
5.939 22.13| 30.26 36.5
'6.459 '23.61| 32.06 36.4
7.331 25.97 | 34.88 36.4 l
7.837 27.27 | 36.41 36.3
9.120{  30.38| 39.98 36.3.
9.896 32.13| 41.96 36.3
10.578 33.60 | 43.59 36.4
12.163 36.79 | 47.05 36.5 l
13.899 39.94 | 50.38 36.5 f
16.403 43.97| s4.51 36.7
20.529 49.55| 59.99| -  37.1
25.335 54.80 | 64.92 37.9
28.117 57.36 | 67.26 38.2
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ethylene and 3.6% by weight of methanol.

Example 2 _

A solution containing 66.2% Dby weight of
1,1,1,3,3-pentafluorcbutane, 29.8% by weight of trans-
1,2-dichlorocethylene and 4% by weight of methanol was

prepared. This solution was subjected to a distillation

at atmospheric pressure using a Vigreux column. The
boiling temperatixre remained constantly equal to 32°C.
The various fractions of the distillate, each represent-
ing from 5 to 20% of the weight of the initial solution,
were withdrawn using a multi-limb distributor (“pig“)' and
then analysed by gas phase chromatography. The results
obtained are collated in Table II.

TABLE II

Fraction of the distillate PFBA DCEe Methanol
(weight %) (weight %) (weight %)

1 (5.7 weight % of 64.9 31.5 3.6
the solution)

2 (12.1 weight % of - 65.1 31.2 3.7
the solution) ' )

3 (16.5 weight % of 65.3 31.0 3.7
' the soclution)

the soclution)

5 (10.3 weight % of 65.9 30.3 3.8
the solution)

6 (14.0 weight % of 66.2 30.0 3.8
the soltition)

The virtually identical composition of the

various fractions obtained shows the existencg’ of a

ternary azeotrope between 1,1,1,3,3 -péntaf Iuorobutane, -

trans-1,2-dichloroethylene and methanol, the estimated
composition of which is 64.9% by weight of 1,1,1,3,3-

pentafluorobutane, 31.5% by weight of trans-1,2-dichloro-
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Example 3 .
A solution containing 66.2% by weight of

1,1,1,3,3-pentafluorcbutane, 32.1% by weight of trans-
1,2-dichloroethylene and 1.7% by weight of ethanol was
prepared. This solution was subjected to a distillation
at atmospheric pressure using a Vigreux column. The
boiling temperature remained constantly equal to 34°C.
The various fractions of the distillate, each represent-
ing approximately from 5 to 15% of the weight of 'th'e
initial solution, were withdrawn using a multi-limb
distributor ("pig") and then analysed by gas phase

chromatography. The results obtained are collated  in

Table III.

_ This Sheet Has Been R.
Y
Fraction of the PFBA DCEe Ethanol
distillate’ (weight %) | (weight %) | (weight %)

1 (4.8 weight % of 66.1 32.4 1.5
the solution)

2 (16.7 weight % of 66.1 32.3 1.6
the solution)

3 (12.7 weight % of 66.1 32.3 1.6
the solution)

4 (12.2 weight % of 66.3 32.1 1.6

' the solution) .

S (12.1 weight % of 66.2 32.2 1.6
the solution) - '

6 (15.1 weight % of ' 66.2 '32.2 : 1.6
the solution)

7 (10.5 weight % of 66.3 32.0 1.7
the solution) '

The virtually identical composition of the
various fractions obtained reveals the existence of a
ternary azeotrope between 1,1,1,3,3-pentafluorobutane,
trans-1,2-dichloroethylene and ethanol, the estimated
composition of which is 66.1% by weight of 1,1,1,3,3-
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pentafluorcbutane, 32.3% by weight of trans-1,2-dichloro-
ethylene and 1.6% by weight of ethanol.
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1. Compositions comprising 1,1,1,3,3-pentafluoro-

butane and 1,2-dichloroethylene.

2. Compositi_ons according to Claim 1, characterized
5 in that they contain at least 50% by weight of 1,1,1,3,3-

pénta.fluorobutané and from 15 to 50% by weight of 1,2-

didhloroethylene .

3. Compositibns acéording to Claim 1 or 2, charac-

terized in that they additionally contain an alkanol

10 chosen from methanol, ethanol, propanol and isopropanol.
4. Compositions according to Claim 1 or 2, charac-
terized in that they consist essentially of 1,1,1,3,3-
pentafluorobutane and 1,2-dichloroethylene in proportions

' for which they form a binary azeotrope or pseudoazeo-

15 . trope. . .

5. Compositions according to Claim 4, characterized
in that they consist essentially of 56% to 82% by weight
of 1,1,1,3,3-pentafluorobutane and of 44 to 18% by weight
of 1,2 -dichloroéthylene .

20 6. Compositions according to any-one of Claims 1 to
3, characterized in that they consist essentially of
1,1,1,3,3-pentafluorobutane, 1,2-dichloroethylene and an
alkanol in proportiéns' for which they form a ternary
azeotrope or pseudoazeotrope.

25 7. Compositions according to Claim 6, cha;‘acterized
in that they consist essentially of 62 to 68% by weight
of 1,1,1,3,3-pentafluorobutane, of 28 to 34% by weight of
1,2-dichloroethylene and of 2 to 7% by weight of meth-
anol.

30 8. Compositions according to Claim 6, characterized
in that they consiét essentially of 64 to 68% by weight
of 1,1,1,3,3-pentafluorcbutane, of 30 to 35% by weight of
1,2-dichloroethylene and of 1 to 3% by weight of ethanol.
9. . Uée.of f:he compositions according to any one of

35 Claims 1 to 8 as cleaning agents.

1o0. Use of the compositions according to any one of
Claims 1 to 8 as degreasing agents for solid surfaces.

11. Use of the compositions according to any one of
Claims 1 to 8 as cleaning agents for printed circuit

* € L L] H *
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boards contaminated by a pickling flux and residues from
this flux. ' |

12. Use of the compositions according to any one of
Claims 1 to 8 as desiccating agents for removing the

water adsorbed at the surface of solid objects.

——
—————————
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