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surfaces. )

5 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

10 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

15  high qualit:y' and of high precision. In these various
applications, CFC-113 is most often used in combination
with other organic solveﬁts, preferably in the form of’
azeotropic or pseudoazeotropic compésitions ha.-vihg
substantially the same composition in the vapour phase

20 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-

25 . nents. . _ '

' ' However, CFC-113, as well as other completely
halogenated chlorofluorocalkanes, is today suspected of
being involved in the destruction of ﬁhe stratospheric
ozone layer.

30 | ' 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.

35 -been proposed. In particular, Patent Application
EP—A40,512',885 (E1f Atochem) proposes an azebtropic
composition comprising, by weight, 93 to 99% of
1,1,1,3, 3-pentaf1uorobutane (HFA-BGSmfc) and from 7 to 1%
of methanol.
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conposi tions whi ave a uence on the ozone.l ayer.
objective of the 1nvent10n is to prov;de such composi-

tions which do not have a destructive effect with respect

10 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

15 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-

20 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
25 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

30 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

35 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 contéin from 20 to 40%
thereof. '

Advantageously, the compositions according to the



To this end,'a.certa?n nunber of, azedtropic COMARRishdeOs BRATES. QR
hydr ef | uor oal kanes -have recently 35 been proposed. | ]

Pat ent Application EP- A-0, 512,885 (EIf Atochen) Hﬂmwmgﬁf
azeotropic conposition conprising, -by -weight, f
1,1, 1, 3, 3-pent af | uorobut ane (HFA-365nfc) from7 to 1%
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optionally form ng_azeo- tropes or. pseuydoazeotiopgs, which are, |
particul arly rule, the amount of alkanol present in the compositions

according to the invention does not exceed 15% of the
5 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- -
10 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
15 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
20 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~
25 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
30 (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
35 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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1,1,1,3,3-Pentafluorobutane and 1,2-dichloro-

10 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

15 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-

20 . 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

25 _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 atmosphéric pressure, the ternary compo-
sition-consisting'essentially of approximately 64.9% by

30 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. .

35 ' 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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bo:.llng po:.nt 1s approximately 34°C. This composition is
very particularly advantageous. .

The compositions according to the invention have

a suitable boiling point for replacing compositions based
10 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
15 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

20 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

25 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,
30 as cleaning agents for priﬁted circuit boards contami-
nated by a pickling flux 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,

35 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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met hanol , et hanal, propanol and isopropanol. As a general rule, the
amount of al kanol present in the conpositions according to the

i nventi on does not exceed 15% of the'5 weig@ht of the conposition.
Preferably, they contain from 0.5 to 10%t hereof . Vari ous.

additives can ofREvadd [Sheyexintanae of binaryhazeatFowic OFs PRESPARRG t o

the invention. . il P@shpositiohs OBELREERT di,171t, 3, BhpentuENuibedbatankhUsS
contain stabil - ents,. surface-actjve agents or anggn%her ddi -
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- using a syringe, via a side tube.

10 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.

15 The boiling temperatures obtained for different
compositions of 1,1,1,3,3¥pentafluorobutane (PFBA) and
:rané-l,z-dichloroethylene (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

20 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

25 1022 mbar.
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the invention are
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1,2-dich|oroethy|ene_and an al kanol chosen
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i N proportion n_which they forma ternary azeotr Qr
psegdoazerffope _ - Fundanengal Iy the thernndyhanic state df a
(P Ctne | OB b el o D e | e B e () and
t he conpogition of [the gas phase (Y). An azeotrope ils épgﬁﬁﬁffi
systen1coltaining t (canatatWe amt.JOITR LT HMJICE jat a ftven
t enper at ue and a given pressure, X. is exactlly equall to Y __A .
pseudoaze@trope is|35 a system contaijning at |dast two [conponents ifn
whi ch, a;‘ 20 & gifven tenperaturg and|a gi vepoprlessorep [X is 40.8
substant f1y eaual to X Tn praciiggy [L01S FERRY (Mles | (heao.s
'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
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
h 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| 54.51 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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systens cannot be ea5|ly separ at ed dy dlstlllatlon and

411+ consequently their conposition remmins substantially
constant in solvent cleaning operations, as well as .in operations for
recovering spent solvents.by distillatiom 8 - For the purposes

of the present_ invention, 5 pseudoazeotrope is understood to nmean a
mxture of two &XamPles2, . her of constituents whose boiling point (at a-

gi ven pressure) dlfhergdmuumddma&Kaiaiﬁh¢@|nssoﬁ%thbyazmwmyuﬁa of by
at nost 0.2[err 3, 3- Pent ggrobutane

1, 2-di chl oro- %Cl %fﬁypeﬁgnFBF#PQtﬂpﬁﬁﬁﬁeaz PHr ¥ Bgoég%o??%ﬁ% when

1,2-dichlorocethylene and 4% by weight of methanol was

5 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,

10 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 %)

15 |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)

|4 (15.0 weight % of 65.6 30.7 - 3.7
the solution)

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

20 6 (14.0 weight % of 66.2 30.0 3.8
the solﬁtion)

The virtually identical composition of the

various fractions obtained shows the existence of a
ternary azeotrope between 1,1,1,3,3 -péntafl‘uorobutane, -
trans-1,2-dichloroethylene and methanol, the estimated

25 composition of which is 64.9% bjr weight of 1,1,1,3,3-
pentafluorobutane, 31.5% by weight of trans-1,2-dichloro-

ethylene and 3.6% by weight of methanol.
' . This Sheet Has Been Replac
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chromatography. The results obtained are collated  in

Table III.
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15 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)
20 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 sclution) - '
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

25 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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point is approximately 32[err]C. This conposition is - very particularly
advant ageous. 35 1,1,1, 3, 3- Pent af | uor obut ane, '
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mighﬁ#+1 1, 3 3- pent af | uor pbut ahe, approxi mately 32. 3% by wei ght of
1, 2- ql ol ﬂe hyl ene and approximately 5 1.6% by wei ght of ethanol

constl ‘fe pe whose boiling point is approximately 34[err]C
This ¢ very parti cul arly jadvant ageous. EP 0653 484 Ahe
conpos ng to the invention have a suitable boiling point
for replacing corrp05| tions based 10 oncEa@MEl3 in existing cleaning

equi pnent. As regards its j npact_on the & enVIr ngent _
1,1, 1, 3, 3- pent &1 uor obfieResitions , eampriging. aﬂl'qegdvaﬁt 3§g§&g°rs°| nce

it has a zero butambsdﬂmc:t,lzl-edinhhmdeﬁhyfhenenzone The conposi tions

accord- | to the,inventio ng | It .5
vari ous types (r)? surfag:ecesmlfoglbé”{}} eccg)qddv#efher cy'lr?lﬁpelfr ekﬁ%ﬁ@%e‘rﬁ%ea
plastic or %l askn that they cont@in sbmhessti 20 lacm@hfg afo 1v e Lie Ayt i on
can Consew@éh&&éﬁ.ﬁ&ﬂé‘ ih8 828R aBPldrAdwnsy awdigreobd- 1,2- ing

to the sane te ues as prior conpositions 20 based on CFC 113. In
~particul ar, th@k@%ﬂ%‘??‘f—wfé&cord- _ ing to the invention can be used
as cleaning ageqifs, Coﬁ%yﬂﬂi&s legEcrEing Bgealaimdef bux2ng chawacs or

deste- cati 0% 2985 NSk ' thdd YaadPfPOSi11 9" ech¥dsd "hY adkanol

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
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al kanol vappear ‘particul arly advantadgeous,, in particul ar 25 those where~
the.constituents are present.in proportions in V\/m

azeot rope or pseudoazeotrope. . The inventio m H& In so
relates to the use of the conpositient2aecording to e rnv
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- 6- reveal the existence of: binary azeotroplc or pseudoazeo-

. tropic conpositions: between'1,1, 1,3, 3-pentaf | uor obut ane and

1, 2-di chl or oet hyl ene. The tenperature of the liquid is neasured using a
thernoneter inserted into the flask. 5 20.9 g of pure

1,1,1, 3, 3-pent af | uor obut ane were heated at a pressure of 1022 nbar
'untll boi ling and then smal | amddnts of trans-1,2- di chl or oet hyl ene,
accurately wei ghed, were progressively introduced into the flask
using a syringe, via a side tube. 10 Det erm nation of the
azeotropi c conposition was - carried out by noting a change in the
boiling tenperature of the m xpdigaagcording to its conposition. The
conposi - tion for which a mininmumboil.ing point was observed is

t he azeotropic conposition at the operatlng pressure.

Comgositions'comprising pentafluorobutane
and use of these compositions

The invention relates to compositions comprising
1,1,1,3,3-pentafluorcbutane, 1,2-dichloroéthy1ene and
~optionally a C1-C3 alkanol. These compositions can be
used especially as solvents for cleaning and defluxing

electronic components and for degreasing metals.

No figure.
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%ezest-a TE03
15_ : The boiling terrperatures obt ai ned for different
coTrp05|t|ohs of 1,1, 1,3, 3-pentafl uorobut ane (PFBA) and :
trans- 1, 2-di chl oroet hyl ene (DCEe) are collated in the tabl e below. It

BEPMGEMBUT-SHEéT that the best estima-1 - tion of the conposition for
[ I ' 3163%1. xi mately

%4 by wel ght™ —of S iiiﬂéﬁ gggg%%?é 0 u%%%%ndﬁw}?wi\%el ght -of
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- pgntafluorobutane and to the use of these compositions,

especially as cleaning and/or drying agents for solid
surfaces.

'S5 Completely h?.logenated chlorofluorinated hydro-
carbons (CFCs), in particular 1,1,2-trichloro-1,2,2-
trifluoroethane (CFC-113), are widely used as solvents in
indusi:ry for degreasing and cleaning various surfaces,
particularly for solid components of complicated sghape

10 which are,difficult to clean. In addition to their use in
electronics in cleaning soldering fluxes in order to
remove the pickling flux which adheres to printed cir-
cuits, they are also conventionally used for degreasing
metal components or for cleaning mechanical components of

15 high quality and of high precisioen. In these various

applications, CFC-113 is most often used in combination

with other organic solvents, preferably in the form of
azeotropic oxr pseudoazeotropic compdgitions having
substantially the same composition in the vapour phase

20 . and in the 1liquid phase, so that they .can be easily

employed at reflux. B .

Compositions based on CFC-113 are alsoc con-
ventionally  used as desiccating agents, in order to
remove the water adsorbed at the surface of solid compo-

25 nents. ‘ _

However, CFC-113, as well as other completely
halogenated chlorofluorocalkanes, is today suspected of"
being involved in the destruction. of the stratospheric
ozone layer.

30 | Consequently, there is currently an urgent need
to £ind 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 hydrofluorocalkanes have recently

35 been proposed. In particular, Patent Application
EP-A-0,512,885 (E1f Atochem) proposes an azeotropic
composition comprising, by weight, 93 to 99% of

Le1e1e3.3 pertefinsobusans IEA - 3¢Snta) an fron 7 to 1t
SG
of methanol. | g Degeription : paged ... to paged .k, |

W Claim(s)" :paged.!\. to paged. -
: m{i)*awmg(s) : paged ..... to paged .....

Abstract  :paged ... to paged ..
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3 69 One of the objectiwtidof t:he4p16§5ent Qnggnt:.on is

tropes oif p@@ficazeotkcf@s, 14hlgh are HdArBicularly
effective when they are used as cleaning agents in
solvent cleaning processes. A further subject of the
invention is such compositions having properties particu-
larly suited 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-pentaflucrobutane and
1,2 -dichlorerhylene .

1,2-Dichloroethylene exists in two isomeric
forms, cis-~1,2-dichloroethylene and trans-1,2-dichloro-

.qo 40. 8 : 0. 087 0.42

. ' 0.211 1.00 1.52
022§§§5|9963 231

40. 3
80
39.1

ethylene. For the purposes of the present invention, 1,2-
dichlo.i:-oéthylene 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-pentafluorobutane and 1,2-dichloro-
ethylene contents in the compositions according to the
invention can vary within wide la.mits, depending on the
use envigaged.

The compositions according to the invention
generally contain at least 45% by weight of 1,1,1,3,3-
pentafluorobutane. They advantageously 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 compositione according to the



2.627 -11. 16 16. 10 37.7 3.018 12. 62

18. 06 37. 4 3.570 14. 59 20. 69
37. 1 4.019 16. 13 22.69 36.9
4.577 17. 90 24. 98 36.7 -3 - 5.451 20. 68
28. 48 36.6 5.939 ©22.13 30. 26 -
36.5 invention &ddiionallil3.ddntail’. 4 alkanol3@hésen from
7.331 25. 97 1.7a83 .27
36 41 36. 3 ééltl?a%ol ethaﬁgl propanéa §Bd iso%roo 3 §9% genex%?l.
36. 3 rule, the apguoy of alkangl. presept in thesﬁ?’?“i‘”-ims
%g-?gS 47 gg-GO aé@b%?%?g to tBé. 4nvention does not exceedld5%6Bf the

. . . 6. P 13.8 0 38
365 %5 weidht of the gomposition preseradyy.’chey ganciin
20. 529 49.55 059 .©9 10% therepfl 25. 335
gg go 64.92 37.9 various additives can optiocbhily be pr¥fsenttAn’6

the compositions according to the invention. The composi-
tions according to the invention can thus contain stabil-
10 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
15 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
20 are those which contain 1,1,1,3,3-pentafluorocbutane and
1,2-dichlorcethylene in proportions in which they form an
azeotrope or a pseudoazeotrope.
Particularly preferred compositions according to
the invention are those which contain 1,1,1,3,3-penta-
25 fluorobutane, 1,2-dichloroethylene and an alkanol chosen
£from methanol and ethanol in proportions in’ which they
form a ternary azeotrope or pseudoazeotrope. '
Fundamehtally the thermodynamic state of a £luid
ie defined by four interdependent variables: the pressure
30 (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
35 a system contéining at least two components in which, at
a given temperature and a given pressure, 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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-8-, Exanpl e 2 A sol ution c'or QEFLKEEMTZ%EH I ght of
1,1, 1, 3, 3-pent-af | uor obut ane, 29.8% by wei ght ¢

t.
f
1, 2-di chl oroet hyl ene and 4% by wei ght .of nethdnq|
solution was subjected to a distillation - a
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For the purposes of the present 1nvention,
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-pentafluorcbutane 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-diéhloroethy1ene. 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-pentafluorcbutane, 1,2-dichloroethylene
and methanol form a ternary azeotrope or pseudoazeotrope

when their mixture consists essentially of 62 to 68% by

weight of 1,1,1,3, 3-pentaf1uorobutane, of 28 to 34% by
weight of 1,2-dichloroethylene 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-Pentafluorcbutane, 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-dichlorcethylene and of 1 to 3% by weight



TABLE ||

: Fraction of the distillate DFFWPLACEMEmE‘SHEET Met hanol
(Vei ght % (vvm ght %9 (weight %9 15 1 ( 64.9
31.5 . 6 t he sol ut.i on) 2 % of
65. 1 31 2 3.7 t he sol ut{ ah) 16.5

wei ght % of 65. 3 31.0 3.7 7 the solutijo '
(15.0 wei ght % of ¢ of
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ion consxsting essentially of approxlmately 66 1% by

_weight of 1,1,1,3,3-pentafluorobutane, approximately

32.3% by weight of 1,2-dichloroethylene 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 environment, 1,1,1,3,3-pentafluorcbutane
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,
solveﬁts, degreasing agents, defluxing agents or desic-
cating agents. The ternary compositions containing an
alkanol appear particularly advantageous, in particular
those where the cohstituegts 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 printed circuit boardes contami-

nated by a pickling flux and residues from this flux, or
as desiccating agents for removing the water adsorbed at
the surface of solid objects.

The examples below, without implied limitation,
illustrate the invention in a more detailed way.

gle 1
A glass apparatus consisting of a 50 ml distilla-
tion flask surmounted by a reflux condenser was used to



the. soluti.on) 20 6 (14.0 weight %of ~ 66.2 30.0 3.8 -
t he sol ution) The wvirtually identical conposition of

t he various fractions obtained shows the existence of a ternary
azeotrope between 1,1, 1, 3, 3-pent af | uor obut ane,

trans-1, 2-di chl or oet hyI ene and methanol, fh& &stinmated 25 corrposition of -
which is 64.9% by (flhttlh%f e;i;ténge %f bxnazy%tz%folt'i'g QQ‘%@ a@%oby
wei ght of trans- or o- yl ene 3. 6% y wel met hanol .
troplc compositlons between 1,1 3-penta luorobutane
and 1,2-dichloroethylene. The temperature of the ligquid
is measured using a thermometer inserted into the flask.
5 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-l,2-dichlofoethy1ene, accurately
weighed, were progressively introduced into the flask
using a syringe, via a side tube.
10 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 whigch a minimum boiling point was observed ‘is
the azeotropic composition at the operating pressure.
15 The boiling temperatures obtained for different
‘ compositions of 1,1,1,3,3-pentafluorcbutane (PFBA) and
trans-1,2-dichloroethylene (DCEe) are collated in the
table below. It is observed therein that the best estima- -
, tion of the composition for which the boiling point is
20 minimum (36.3°C) is approximately 70% by weight of
1,1,1,3,3-pentafluorcbutane and 30% by weight of trans-
1,2-dichleoroethylene. The boiling point is 36.5°C + 0.2°C
for a composition containing appfoximately 56 to 82% by

weight of 1,1,1,3,3-pentafluorobutane, at a pressure of
25 1022 mbar.
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Exanpl e 3 . A solution containing 66.2% by weight of
1,71, 1, 3, 3-pent af | uorobut ane,. 32. 1% by wei ght of trans-
1, 2-di chl oroet hyl ene and 1. 7% by wei ght of ethanol. was 5  prepared. This
sol ution was subjected to a distillation at atnospheric pressure
using a Vigreux colum. The boilrna fenperature renai ned constantly
equal to 34[err]C The various fraghhpps;0f the distillate, each
represent - i ng approximately from5 to 1%96of t he wei ght of the 10.
initial solution, were wthdrawn wusing a multi-linb di stri butor
("pig") and t O Oy uas. phase Thronat ogr apiy] 1Ne T esul §s
obt ai ned are“cg%éa %9 n DCEe 233253'3 . DCEe Content Boil.
TABLE ||| ’ : '
) _ point,
(cumulative amt.) [ weight % | mol % °c
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
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
7.837 27.27 36.41 36.3
9.120 - 30.38 39.98 36.3
1 9.896 32.13 | 41.96 36.3
10.578 33.60 43.59 36.4
12.163 36.79 47 .05 . 36.5
13.899 39.94 50.38 36.5
16.403 43.97 54.51 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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15 | _Fraction of the PFBA DCEe Et hanol

disstillate (weight %9 (weight %9 (weight % 1 (4.8 wei ght
% of 66. 1 32. 4 1.5 t he sol ution) 2
(16.7 wei ght % of 66. 1 32.3 1.6 the sol ution)

3  (12.7 weight % of 66. 1 32.3 - 8- 1.6 t he sol ution)
20 4 (12.2 | ght, %,0f 66. 3 32.1 1.6

the sol ution) Vﬁ’ﬁ‘%‘l—e—%lz. 1 wei ght % of 66. 2 32.2 .

1.6 t he sol uti dn) solutions conkRrinipgi gif-%kof by wWedght of 32 2
1.6 t her sp)1f3 M)pentafluorébutane, 29.8% by weight of trans-

1,2-dichloroethylene and 4% by weight of methanol was

5 prepared. This solution was subjected to a distillation
at atmospheric pressure using a Vigreux column. The
boiling temperature remained constantly equal to 32°C.
The various fractibns of the distillate, each represent-
ing from 5 to 20% of the weight of the initial solution,

10 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 %)

15 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 solution) .
4 (15.0 weight % of 65.6 30.7 3.7

the solution)

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

20 6 (14.0 weight % of 66.2 30.0 1.8
: the solution)

The virtually identical composition of the

various fractions obtained shows the existence of a

ternary azeotrope between 1,1,1,3,3-pentafluorobutane,

trans-1,2-dichloroethylene and methanol, the estimated

25 composition of .which is 64.9% by weight of 1,1,1,3,3-

pentafluorobutane, 31.5% by weight of trans-1,2-dichloro-
ethylene and 3.6% by weight of methanol.
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.(10.5 wei ght % of 66. 3 32.0 mﬁ,\cmgm smc_nt be
sol ution) The virtually identigal _ fkthe 25

various fractions obtained reveals the existe C \ry
azeotrope. between 1,1,1, 3, 3-pentafl uorobu :
trans-1, 2- dichloroethylene and et hanol, the estl

which is 66. 1% byg ﬂ&hﬁhé of 1,1,1, 3, 3-
- 10 -

ition of

A solution containing 66.2% by weight of
1,1,1,3,3-pentafluorobutane,. 32.1% by weight of trans-
1,2-dichloroethylene and 1.7% by weight of ethanol was

5 prepared. This solution was subjected to a distillation
at atmospheric pressure using a Vi.greux' column. The
boiling temperature remained constantly equal to 34°C.
.The various fractione of the distillate, each represent-
ing approximately from 5 to 15% of the weight of the

10, 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.
TABLE III
15 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)
20 4 {(12.2 weight % of 66.3 32.1 1.6
the solution) ]
5 (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)
¥i (10.5 weight % of 66.3 32.0 1.7
the solution) _ '

The +virtually identical composition of the

25 various fractions obtained reveals the existence of a

ternary azeotrope between 1,1,1,3, 3'-penta£1uorobutane,

trans-1l,2-dichlorcethylene and ethanol, the estimated
composition of which is 66.1% by weight of 1,1,1,3,3-.



pent af | uor obut ane, 32. 396by wei ght of trans-1, 2-dichloro- ethylene and

1.-6% by wei ght of ethanol. CLAI V5
1. Conmpositions conprising 1,1,1, 3, 3-pentafl uoro- but ane and
1, 2-di chl or oet hyl ene. 2. Compositions according to Claim 1,

characterlzed 5 in that they contain at_lggst 50% by weight of 1,1,1,3, 3-
pent af | uor obut ane and from 15 to 50% by wei ght of 1, 2-
pentafluorobutane, 32.3% by weight of trans-1,2-dichloro-

ethylene and 1.6% by weight of ethanol.

" REPLACEMENT SHEET

02 SEP 199




di chl or oet hyl ene. €omposiii ons according to Caiml or 2,
charac- terizedl}i ﬂEPl:Aﬁ.EMEN(I;yS %@E l‘l onal Iy contain an al kanol 10
chosen from net hanol and isopropanol. ———A4——""""

Conposi tions accor di , Charac- terized in

consi st essentially pent afd uor obut-ane a E‘M“EE‘U mi m‘

1, 2-di chl oroet hyl eng : epottons” for which'they fo

azeotrope or pseudogzeo- 15 trOpe CLAIMS Conpositi ons accor di ng to

bCI ai m 4,ht char act eriz u - CO,ﬂd?,stlfeabnkhea’oﬁﬁﬁﬁg egsenti 8l 8 ypoitD600d1>-82%
y weig

pe t robutane and of *44 to 18% by wei ght
of 1, 2-dichl oroet k&‘l"é‘#éé %' ﬁ? B%nf?'?%hs according to any one of

Clainms 1 to 32. char actmwpadidionst hacotdh:a)g dondilatimed s epbazdd texized
1,1,1,3,3-pent gf | upﬁ@é}k&@%eylcanéamlﬂ qehby! 56€ @,n%a@hc of Bl¥aNo, 4N
proportlons for which the ormaternar az otrog)

pseudoazeot r ope. 2Bentatluorobusane,and from, S, 'R mP% YCI"!ﬁ’rﬂhé; of 1,2-
characteri zed dichldmbethydleneonsi st essentially of 62 to 68% by wei ght

of 1’1’1’3’3'pentailuorObQEéEEEsfyioag Egcﬁéﬁéﬁg @Sisﬂén9f1 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-
pentafluorcbutane and 1, 2-dichloroethy1ene in proportions
- for whichfthey 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-dichloroethylene.

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

25 7. Compositione according to Claim 6, characterized
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 consist essentially of 64 to 68% by weight
of 1,1,1,3,3-pentafluorobutane, of 30 to 35% by weight of
1,2-dichlorocethylene and of 1 to 3% by weight of ethanol.
9. Use of the compositions according to any one of

35 Claims 1 to 8 as cleaning agents.

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

i1l. " Use of the compositions according to any one of
Claims 1 to 8 as cleaning agents for printed circuit



1} 2- d| chl or oet hyl ene and of 2 to 7% by weight of meth-— . _anol. 30.._8.
Conposi ti ons according to Claim6, characterized in that they consi st

essentially of 64 to 68% by wei ght of 1,1,1,3,3-p lm IIJ
30 t.0 35% by wei ght of 1, 2-di chl or oet hyl ene and oﬂ“lmumg“m ﬁﬂ ht

of ethanol . 9. Use of the corrposrt Lans accordifig fo ‘any' ofe 6f 35
Clains 1 to 8 as cI eanl ng agents Use of the conpositions
according to any &%@ contaginaied Py & 8’-&§1aﬁgr@d§ MphFefisues: xR d

surf aces. ll.t:h:Ls fhlae.of the conpositions according to any one of
Gaims 1to 8 as 9.'26.ani ngvggegkst{xgrcgﬁﬁgéf‘gi&{g %lgctording to any one of
Claims 1 to 8 as desiccating agents for removing the
5 water adsorbed at the surface of solid objects..
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Y. .~ - boards contam nated by a pickling flux and residues from.
this.flux. 12. Use of the conpositions according to any one of

Clainms 1 to 8 as desiccating agents for renoving the 5 water adsorbed at
the surface of solid objects..
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ABSTRACT

COMPOSITIONS COMPRISING PENTAFLUOROBUTANE AND USE
OF THESE COMPOSITIONS

The invention relates to compos1tlons comprising
i,1,1,3, 3-pentaf1uorobutane, 1,2-dichloroethylene and
optionally a C1-C3 alkanol. These compositions can be
used especially as solvents for cleaning and defluxing

" electronic compohents and for degreasing metals.

" No figure.
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