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(57) Abrégée/Abstract:

(Wt/Wt)

This Invention provides a solvent composition comprising 1-bromopropane and a decafluoropentane for use as a cleaning and

degreasing solvent. Preferably the decafluoropentane

consists essentially of 1,1,1,2,3,4,4,5,5,5-decafluoropentane. The solvent

composition optionally includes stabilizers and co-solvents such as alcohols, ketones, ethers, acetals, nitroalkanes, epoxides and

amines. Specific compositions of 1-bromopropane,
azeotrope compositions that are particularly well suited

1,1,1,2,3,4,4,5,5 5-decafluoropentane and optional stabilizers provide
as cleaning and degreasing solvents.
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(§7) Abstract

This invention provides a solvent composition comprising l-bromopropane and a decafluoropentane for use as a cleaning and
degreasing solvent. Preferably the decafiuoropentane consists essentially of 1,1,1,2,3,4,4,5,5,5-decafluoropentane. The solvent composition
optionally includes stabilizers and co-solvents such as alcohols, ketones, ethers, acetals, nitroalkanes, epoxides and amines. Specific

compositions of 1-bromopropane, 1,1,1,2,3,4,4,5,5,5~decafluoropentane and optional stabilizers provide azeotrope compositions that are
particularly well suited as cleaning and degreasing solvents.
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' AZEOTROPE AND AZEOTROPE-LIKE COMPOSITIONS
OF 1-BROMOPROPANE AND HIGHLY FLUORINATED
HYDROCARBONS

Ficld of the Invention

‘This invention relates 10 a cleaning solvent comprising a highly-fluorinated
hydrocarbon and 1-bromopropane and to a method of cleaning articles. More
particularly, this invention is directed to a solvent composition that includes
1.1.1.2,3,4,4.5,5,5-decafluoropentane, 1-bromopropane, and optionally stabilizers
and co-solvents, and to a method of cleaning articles having cloth, plastic, metallic

and ceramic surfaces.

Background of the Invention

Théi*e 1s a demand to find new solvents to replace chlorofluorocarbons
(CFC’s) and hydrochlorofluorocarbons (HCFC’s). These solvents typically have
been used in a wide variety of applications including cleaning and degreasing
solvents for the metal, textile and electronic industries, as flame retardants and heat
transfer mediums for refrigeration processes. In recent years use of these solvents
has been restricted because of concern over environmental hazards. particularly 1n
light of the link between usc of these solvents and the destruction of the
atmospheric ozone layer. Highly fluorinated hydroﬂuorocarbons (HEC’s) are
considered to be viable alternatives for CFC’s and HCFC’s in many applications.

The [1FC’s are chemically stable. nontoxic, nonflammable and less hazardous to

the environment then either CFC’s or HCFC’s. However. HFC s are not
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considered to be as etfective cleaning and degreasing solvents as the CFC's and
HCEFC's. Highly fluorinated hydrocarbons (HFC’s) have a low solvating ability
when compared with CFC’s and HCFC’s, and HFC’s are not as etficacious as

CHFC s and HCFC's for dissolving greases and oils or disbursing other undesirable

WA

materials such as flux and flux residues on printed circuit boards. It has been
determined that HFC's can be combined with other organic solvents to provide a
cleaning solution having higher solvating ability. The added organic solvent must
be carefully selected so the resulting cleaning and degreasing solvent maintains its
desirable physical and chemical properties such as low toxicity. low boiling,

10 environmentally friendly and nonflammable. Furthermore while a particular

solvent mixture initially may provide the desired physical and chemical

characteristics in bulk, i.¢. non-toxic, low boiling, nonflammable and high
solvating ability, in practice, the mixture may be inadequate.
Most solvent mixtures partition during use, especially when the solvent is
15 heated during the cleaning process or during solvent recovery. Partitioning of the
mixture provides a solvent that i1s deficient in one or more of its constituents. The
resulting solvent does not have the same properties as the original solvent. For
example, solvents are often heated to boiling to vaporize the solvent composition
In a vapor defluxing or degreasing system. The vaporized solvent condenses on
20 components such as circuit boards that are inserted into the system. When
partitioning occurs, the composition of the vaporized solvent differs from the liquid
solvent in the solvent reservoir. Partitioning results in a solution that can
detrimentally affect the safety and efficacy of the cleaning operation. It is

advantageous to provide non-partitioning solvents to ensure safe and effective

o
A

cleaning and degreasing processes.

[t 15 also advantageous to minimize partitioning during solvent recovery to
improve efficiency and decreasc costs. Solvents are often recovered by distilling

uscd or contaminated solutions to provide essentially pure solvents that can be
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reused. Partitioning during recovery requires that one or more of the original
components be added to the recovered solvent to maintain the original solvent

composttion.
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Summary of the Invention

The present invention provide a solvent compositions that include a highly
fluorinated hydrochlorofluorocarbon (HFC) and 1-bromopropane useful as
cleaning and degreasing solvents. The solvent composition optionally includes
stabilizers and co-solvents. The stabilizers and co-solvents include aicohols.
ketones, ethers, acetals, nitroalkanes. epoxides, amines, and saturated and
unsaturated hydrocarbons. When the certain highly fluorinated hydrocarbons and
I-bromopropane are admixed in specitic proportions, they form azeotropic
mixtures. While the azeotropic mixtures are a preferred composition. non-
azeotropic mixtures are considered to lic within the scope of the present invention.
The most preferred composition for the present invention is an azeotropic
composition comprising 1,1,1.2.5.4.4.5.5,5-decafluoropentane and 1-
bromopropane. The solvent composition optionally includes stabilizers and co-
solvents. The solvent compositions comprising HFC's and 1-bromopropane
provide non-azeotrope and azcotrope or azeotrope-like compositions that are well

sutted for solvent-cleaning applications.

T'he present invention also provides a method for cleaning an article having
a cloth, ceramic, plastic or metallic surface using the solvent compositions
comprising 1-bromopropane and a highly fluorinated hydrocarbon. The solvent is
applied to the article’s surface by any of the known or conventional methods to
clean and degrease grease, oils and particulate matter adhering to the article’s
surface. Removal of the contaminated solvent provides a cleaned article that is

suitable tor subsequent processing or forwarding to consumers.
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Bricf Description of the Drawing

The figure 1 1saplot of 1,1,1,2.3.4,4,5,5,5-decafluoropentane
concentrations by weight of the composition in the liquid and vapor phases

obtained during distillation of the solvent composition.
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Detailed Description of the Invention

The present invention 1s directed to a solvent composition comprising 1-
bromopropane and a highly fluorinated hydrocarbon for use as a cleaning and
degreasing solvent. Preferably the highly fluorinated hydrocarbon is a highly
fluorinated -pentane. Optionally, the solvent composition includes stabilizers and
co-solvents such as alcohols, ketones, ethers. acetals. nitroalkanes, epoxides,
amines, and saturated and unsaturated hydrocarbt)hs. Furthermore. the solvent
compOsition comprises an azeétrOpe or azeotropic-like composition that consists
essentially of 1-bromopropane and a highly tluornated pentane. This azeotrope
solvént composition provides a cdnstant boiling solvent that does not partition
upon evaporation or distillation. While the azeotrope and azeotrope-like
composition are preferred, the non-azeotrope compostition comprising 1-
bromopropane and a highly fluorinated pentane are still considered to be within the
scope of the invention. Use of the solvent prepared according to this invention
cleans a wide variety of articles having cloth. ceramic, metallic, and plastic
surfaces.

For the proposes of this invention. an azeotrope composition is defined as a
constant bdiling liquid admixture of two or more substances that exhibits physical
characteristicé of a single compound, in that the vapor, produced by partial
evaporation or distillation of the liquid. has substantially the same composition as
the liquid, i.e., the admixture distills without substantial change in the composition.
Constant boiling compositions, which are characterized as azeotropes. exhibit
either a maximum or minimum boiling point as compared with that of the non-
azcotropic mixtures of the same substances. The present invention contemplates
the admixture of the highly fluorinated pentane. 1-bromopropane, and optionally
one or more stabilizers and co-solvents in an azcotrope mixture,

By azeotrope-like compositions it 1s meant that a composition of

compounds has a concentration that may vary. however minor, from the
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concentrations found in the azeotropic compositions. Thus the concentrations of
the highly fluorinated pentane. 1-bromopropane, and added stabilizers and co.-
solvents included in an azeotrope-like composition may vary somewhat from the
concentrations found in the azeotrope formed between them and remain a
composition within the scope of this invention. The boiling points of the
azeotrope-hike compositions will be substantially the same as those of their
corresponding azeotropes. Preferably, the azeotrope-like compositions boil. at
ambicnt pressure. at temperatures that are within about 2°C of the temperatures at
which their corresponding azeotropes boil at the same pressure.

Furthermore, compositions of highly fluorinated pentane. I -bromopropane
and additional stabilizers and co-solvents that. when fractionally distilled. provide
a distillate that is an azeotrope or an azeotrope-like composition when the
concentrations of the highly fluorinated pentane. I-bromopropane and added
stabilizers and co-solvents differ from the concentrations of the azeotrope or
azeotrope-like compositions are within the scope of this invention. Preterably. the
concentrations of the highly fluorinated pentane, | -bromopropane. and added
stabilizers and co-solvents of such compositions differ from the concentration of
the azeotrope or azeotrope-like composition by no more than about 10%., more
preferably, no more than about 5% by weight.

By solvating ability is meant the characteristic of a composition in the
liquid state to dissolve solid or semi-solid matter and become miscible with liquids
including gums, greases and gels. On a molecular level, solvation entails
dispersing molecules of the matter with solvent molecules. The dissolution and
miscibility does not have to be complete. i.e. infinite solubility or miscibility with
the matter. However, it is understood that increasing the amount of the solvent
composition added to the substrate or by repeated application of essentially non-
contaminated solvent successively solubilizes more of the matter with each

Increasc in solvent amount or each successive application of essentially non-
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contaminated solvent. One method of evaluating a solvent’s solvating ability is to
measure 1ts Kauri Butanol value as described in ASTM D1133-94 Standard Test
Method for Kauri Butanol Value ot Hydrocarbon Solvents.

The solvent composition of the present invention comprises a highly
fluorinated pentane. Preferably the highly fluorinated pentane is a
decatluoropentane having a boiling point of 55°C at atmospheric pressure. more
preferably the decatluoropentane consists essentially of 1,1,1,2,3,4.4,5.5.5-
decafluoropentane. This decafluoropentane is commercially available under the
trade name Vertrel XF from Dupont. Preferably the solvent composition of the
present invention 1s a azeotrope composition consisting essentially of
1,1,1,2,3,4.4,5.5.5-decatluoropentane and 1-bromopropane having about 84.7% by
weight 1.1.1,2,3.4,4.5,5.5-decafluoropentane and about 15.3% by weight 1-
bromopropane and a boiling point of about 49.2°C at atmospheric pressure.

T'he solvent composition also includes 1-bromopropane, which is
commercialty available from Great Lakes Chemical Corporation. This halogenated
solvent 1s low boiling, inexpensive and considered less harmful to the atmospheric
ozone layer than chlorofluorocarbons. Importantly. 1-bromopropane is non-toxic.
unlike many other halogenated alkanes: for cxample, 2-bromopropane is
considered to be extremely toxic to both humans and animals. Furthermore. 1-
bromopropane has an extremely high solvating ability as is exemplified by its
Kauri Butano! Value of 125.

While 1-bromopropane provides an excellent cleaning solvent for metal
components. its high solvating ability himits its application for plastics and
elastomers: 1-bromopropane tends to etch or partially dissolve plastic surfaces.
Admixtures of [-bromopropane with less aggressive solvents such as

hydrochlorofluorocarbons reduces this detrimental effect on plastics and

elastometers while at the same time it increases the solvating ability of the
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hydrochlorofluorocarbons. The final solvent blend is highly effective for cleaning
a wide variety of articles having metal. ccramic, cloth and plastic surfaces.

The solvent composition comprises decafluoropentane and [ -bromopropane
In concentrations other than the azeotropic concentrations, but when these solvent
compositions are fractionally distilled. they provide azeotrope compositions.
Preterably the concentrations of the decafluoropentane and 1-bromopropane differ
from the concentrations of the azeotrope or azeotrope-like composition by no more
than about 10%, more preferably no more than about 5% by weight.

Solvent compositions that do not provide azcotrope compositions upon
distillation are also included in present invention. Non-azeotrope solvent
compositions are useful for certain applications where partitioning of the cleaning
solvent 1s not a major consideration. The non-azeotropic solvent composition
comprises 1-bromopropane and about 1% to about 99% of a highly fluorinated
pentane, preferably about 10% to about 90% by weight, more preferably about
30% to about 70% by weight of a highly fluorinated pentane.

Admixture of 1-bromopropane and a highly fluorinated pentane provides a
solvent composition with a high solvating ability. By judicious selection of the
solvent composition, a cleaning solution having a solvating ability that is lower
than 1-bromopropane yet higher than the highly fluorinated pentane can be
prepared. The solvent of the present invention comprises about 1% to about 99%
by weight 1-bromopropane, preferably about 10% to about 90% by weilght, more
preterably about 30% to about 70% by weight 1-bromopropane. The solvent
compositions of the present invention provide cleaning solvents that have a Kauri

Butanol Value ot about 6 to about 124, preferably about 25 to about 105, and more

preferably about 35 to about 95.

Optionally. the solvent composition includes stabilizers and co-solvents.
These stabilizers and co-solvents are included to modity the physical and chemical

characteristics of the solvent composition. The stabilizers are added to inhibit
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metal induced decomposition of halogenated hydrocarbons. Often reactive metals
such as aluminum, magnesium, copper, zinc. iron. titanium. tin and alloys of these
metals induce decomposition of halogenated hydrocarbons such as 1-
bromopropane. Typically, these metals induce hydrolysis and/or
dehydrohalogenation of the alkyl halides to provide metal halides, halide salts and
acids as some of the decomposition species. Generation of these decomposition
species 1s harmful to metal components. Metal bromides and some of the metal
salts are formed from metal ions abstracted from the metal surface. and the
hydrobromic acid severely corrodes metals further exacerbating the problem.
Thus. added stabilizers stabilize halogenated solvents in both the l1quid and vapor
State against deterioration in the presence of these metals. inhibit formation of
complexes of the metal and decomposition products of the solvent. and reduce
attack upon the metal by some of these decomposition products. Stabilizers that
are included as optional components of the solvent composition include alcohols.
ketones, ethers, acetals, nitroalkanes, epoxides. amines. and mixtures of these
stabilizers.

Examples of alcohols that can be added to the solvent include. but are not
limited to: ethyl alcohol, propyl alcohol, 1Isopropyl alcohol, t-butyl alcohol, t-amy]
alcohol, sec-butyl alcohol, phenols, e.g. phenol. p-cresol. m-cresol, o-cresol. amino
alcohols, e.g. monoethanol amine, diethanol amine. triethanol amine, acetylene
alcohols, e.g. methylbutynol, methylpentynol. benzotriazol, and mixtures of
alcohols.

Typical ketones useful in the present invention include: acetone, methy|
ethyl ketone (MEK). 2-propanone (diethy! ketone). 2-pentanone, 3-pentanone. 2-
hexanone, 3-hexanone. 2-heptanone, 3-heptanone. 4-heptanone, 2,6-dimethy! -4-
heptanone, 2-methyl-3-heptanone, 2-methyl-2-butanone. 2-methyl-3-pentanone. 2-

nonanone, and mixtures ot ketones.
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Specific examples of ethers that can be added to the stabilized solvent
include: diethyl ether. dipropyl ether, dibutyl ether, methyl t-butyl ether, 1.4
dioxane, 1.3 dioxalane. trioxane, y-butyrolactone, tetrahydrofuran. dialkyl ethers of
ethylene glycol. e.g. dimethyl ethylene glycol ether. diethyl ethylenc glycol ether,
and monoalkyl ethylene glycol ethers sold under the trade name CELLOSOLVE
that have trom | to 10 carbons such as methyl cellosolve, ethyl cellosolve, and
1sopropyl cellosolve. These ethers are added singly or as mixtures of two or more

to the solvent.

Examples of acetals suitable for the present invention include dimethyl and
diethyl acetals of the ketones listed above.

Typical nitroalkanes useful in the present invention include: nitromethane.
nitrocthane, 1-nitropropane. 2-nitropropane, nitrobutane, and mixtures of
nitroalkanes.

Specific examples of epoxides useful with the present invention include:
epibromohydrin, propylene oxide, 1,2- butylene oxide, 2,3-butylene oxide.,
cyclohexene oxide, glycidyl methyl ether, glycidyl methacrylate, pentene oxide.
cyclopentene oxide. and cyclohexene oxide. The epoxides are added to the
stabilized solvent either singly or as a mixture of two or more.

Non-nucleophilic amines are preferred, and therefore secondary and tertiary
amines are desired. By way of example, amines useful for the present invention
include: hexylamine, octylamine, 2-ethylhexylamine, dodecylamine,
ethylbutylamine, hexylmethylamine, butyloctylamine. dibutylamine,
octadecyimethylamine, triethylamine, tributylamine. diethyloctylamine, tetradecyl-
dimethylamine, dibutylamine; diisobutylamine, diisopropylamine, pentylamine. N-
methylmorpholine. 1sopropylamine, cyclohexylamine. butylamine, isobutylamine.
dipropylamine, 2.2.6.6-tetramethylpiperidine, N, N-dimethyl-p-phenylamine, N.N-
diethyl-p-phenylamine. dicthylamine, aniline, cthylenediamine, propylenediamine.

triethylamine, tetraethylenepentamine, benzylamine. dibenzylamine,




10

L

20)

NP

WA

>

CA 02296589 2000-01-05

WO 99/02616 PCT/US98/14252

diphenylamine, and diethylhydroxyamine. These amines are useful either singly or
as a combinatton of two or more.

Examples of co-solvents include: alkanes, alkenes, alkynes, alcohols.
ketones, esters, terpenes and various aliphatic mixtures including mineral SPITILS,
VM&P Naptha and Stoddard solvents. Many of the stabilizers listed above are
also considered to be co-solvents. The co-solvents are added to modify the
solvating ability of the solvent composition. Thus, for example, alcohols and
ketones can be added to attenuate the solvating ability of the I-bromopropane. Co-
solvents also provide a higher degree of polarity and hydrogen bonding
characteristics to the solvent, which enables the solvent to effectively remove ionic
or polar contaminates. Furthermore, these co-solvents are often less expensive
than the highly fluorinated pentanes, and they reduce the costs associated with
preparing and using the solvent blend.

The solvent composition is prepared by the admixture of the 1-
bromopropane and a sufficient amount of the highly fluorinated pentane to provide
the desired cleaning solvent having a specified concentration or a desired Kauri
Butanol Value. The order of addition of the components is not critical for this
invention. When desired the stabilizers and co-solvents are added. In addition.
minor amounts of surfactants can be included. Typical surfactants useful for the
invention include ionic and non-ionic surface active agents, for example, sulfonate
salts, phosphate salts, carboxylate salts, fatty acids, alkyl phenols, glycols, esters
and amides. Surface active agents also include ionic and non-ionic water
displacement compounds such as tetraalkyl ammonium sulfonate, phosphate, and
carboxylate and bromide salts. aliphatic amino alkanols. fluorinated amino
alkanols, and chlorofluorinated amino alkanols. Again the order of addition is not
critical for the present invention.

The solvent composition of the present invention is suitable for washing

articles having cloth. metal. ceramic, plastic and elastomeric surfaces. The solvent
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composition may be applied by any method known or commonly used to clean or
degrease articles. For example, the surface of the article may be wiped with an
absorbent medium containing the solvent composition such as a cloth saturated
with the solvent. The article may be submerged or partially submerged in a dip
tank. The solvent in a dip tank can be either hot or cold. and the article can be
submerged for extended periods of time without inducing decomposition of the
solvent. Furthermore, the article, dip tank, and related components are not harmed
by the process. Alternatively, the solvent can be sprayed onto the article or the
article can be cleaned in a vapor degreasing chamber with either liquid or

vaporized solvent composition.

When the solvent 1s applied as a vapor, the solvent is typically heated in a
solvent reservoir to vaporize the solvents. The vaporized solvent then condenses
on the surface of the article. The condensed solvent solvates or entrain grease, oil,
dirt, and other undesirable particles that are on the article’s surface. The
contaminated solvent drains into the solvent reservoir carrying the dissolved and
entrained material to the reservoir. Since only the solvent is vaporized, the grease.
oil, and dirt remain in the reservoir, and the article is continually flushed with non-

contaminated solvents.

The tollowing examples further illustrate the present invention and are not

intended to be limiting in any manner.

Example 1 Decafluoropentane and 1-Bromopropane Azcotrope Composition

A vapor hiquid diagram for 1-bromopropane and decafuoropentane was
developed by mixing various concentrations of these solvents. The solvent
compositions were distilled 1in a 100 ml Othmer Still. The solvent was heated to
reflux and allowed to equilibrate. Samples of the vapor and liquid portions were

taken and analyzed using a gas chromatograph to determine the concentrations of
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the components. The results are listed in Table 1 and graphically illustrated in

['igure 1. Analysis of the results indicated that an azeotrope composition exists

consisting of 1-bromopropane and 1,1,1,2.3,4,4.5.5.5-decafluoropentane.

Table 1
Temperature °C | Liquid Vapor wt % DFP

i ' Wt % DFP

| 50.3 [ 580 74.3
52.0 31.0 67.22

593 10.4 YR

299 | 70.0 T 7353
498 | 73.3 4 75.60
49.8 B 72.0 | 75.04

498 81.8 79.72

498 833 | 85.80
50.4 85.2 07 40
52.8 100 0 100.0

694 1 | 0.0

DFP =1,1.1,2,3.4.4,5,5,5- DecaﬂuorOpentam

Based upon these initial results, a second solvent composition consisting of about

81.2 % by weight 1,1,1,2.3.4.4,5,5,5-decafluoropentane and about 17.8 % by

weilght 1-bromopropane was prepared. This second solvent mixture was distilled

in a Perkin Elmer Model 151 Annular Still, (200 theoretical plate capacity). After

the refluxing solvent had equilibrated, distillate fractions comprising

approximately 10% by weight of the total liquid charge were collected at a 10:1

reflux to takeoft ratio.

The boiling point of each fraction was measured to the

nearest 0.1°C. The concentrations of 1-bromopropane and 1.1.1.2.3.4.4.5.5.5-

decatluoropentane fractions were determined using a gas chromatograph. The

results of this second distillation are listed in Table 2. Analysis of the results listed

In Table 2 confirms that an azeotrope exists having about 15.3% 1-bromopropanc
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by weight and approximately 84.7% by weight 1,1,1,2,3.4.4.5.5,5-
decafluoropentane; and that the azeotrope boils at about 80.2°C.
Table 2
Cut# | Wt(g) | % Distilled | Wt% | Wt% |
B | | nDFP n-PBr |
niial_ | 862 [ 0 [ 812 | 178
. Forerun 88.49 {1151
| 72 | 3 85.65 | 1435 |
2 10.5 21 85.68 14.32
3 [ 94 [ 31 ] 8578 | 1422
4 12.7 46 83.27 16.73
E 121 [ 60 8328 | 1672 |
6 00 | 72 ] 9019 9.81
7 112 ] 85 97.19 2.8
Bottoms | 7.2 93 [ 100.63 0|
Average (Cuts 1-5) 84.73 15.27

DFP =1,1.1.2.5.4,4,5,5,5-defluoropentanc, n-PBr = 1-bromopropane

Example 2. Solvent Composition Comprising 1,1,1,2,3,4,4,5,5,5-

Decafluoropentane, 1-Bromopropane and Isopropyl Alcohol

A solvent composition comprising about 33% by weight 1.1,1,2.3.4,.4.5.5,5-
decatluoropentane, about 33% by weight 1-bromopentane. and about 33% by
welght 1sopropyl alcohol was prepared. As an initial screening evaluation, 100 g of
this solvent mixture was fractionally distilled in a Perkin Elmer Annular Still
model 1531 (200 theoretical plate capability). The solvent was heated to reflux and
allowed to equilibrate. Three distillate fractions were collected at a 10:1 reflux to
takeott ratio. The concentrations of 1,1,1,2,3,4,4.5,5,5-decafluoropentane and
isopropyl alcohol were determined for each fraction using a gas chromatograph.

The results are listed in Table 3. Analysis of the results indicates that the solvent
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composition partitioned when distilled. Despite partitioning, this solvent
composition performs well as a cleaning and degreasing solvent in applications

were solvent partitioning 1S not a concern.

Table 3

Fractions Wt % IPA
[nitial 33.0
Bottoms 61.3

Boiling point = 50 °C, DFP = 1,1,1,2,3,4,4,5,5,5-decatluoropentane, IPA =
isopropyl alcohol

Example 3. 1-Bromopropane, 1,1,1,2,3,4,4,5,5,5-Decafluoropentane and

Methanol Azeotrope Composition.

A solvent composition comprising equal weight amounts of 1-
bromopropane, 1,1,1,2,3,4,4,5,5,5-decafluoropentane and methanol was prepared.
One hundred grams of this solvent composition was distilled in a Perkin Elmer
Still model 151 (200 theoretical plate capacity). The solvent mixture was heated to
reflux and allowed to equilibrate before three ten-gram fractions were collected;
the concentrations of 1,1,1,2,3,4,4,5,5,5-decafluoropentane, 1-bromopropane and
methanol were determined in each fraction using a gas chromatograph. Minimal
separation was observed in this preliminary distillation. Based upon the results
of the initial distillation, a second solvent composition was prepared. This
second composition was distilled as described above. Distillate fractions,

each approximately 10% by weight of the total solvent weight
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were collected at a 10:1 reflux to takeoff ratio. The compositions of the distillate
fractions were then analyzed, using a gas chromatograph, and the compositional
data and boiling points for the distillation are listed in Table 4. Analysis of the
results listed in Table 4 confirms that minimal separation occurred between the
three components during the distillation and that an azeotrope exists. The
azeotrope consists essentially of about 80.8% by weight 1.1,1.2,3.4,.4.5.5.5-
decatluoropentanc, about 5.7% by weight methanol and about 13.6% by weight 1-

bromopropane, and has a boiling point ot about 50 °C.
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Table 4

Wt % Wit Wt % n-
DFP %methanol PB

Cut # Wi

83.13 5.94 10.93
92.24 >.15 2.61

Average 1-6 80.8 5.7 - 13.6
DFP =1,1,1,2,3,4.4,5,5,5-decafluoropentane, n-PB = 1-bromopropane

I —

562
537
> 122 5.58

3 561

: 5.73

s | 122 5 86
% | | & 1093
I B 261

Example 4. 1,1,1,2,3.4,4,5,5,5-Decafluoropentane, 1-Bromopropane, and
Acetone Azeotrope Composition

A solvent composition comprising equal amounts by weight of
1,1,1,2,3,4,4,5,5,5-decafluoropentane, 1-bromopropane, and acetone was
prepared. The resulting solution was fractionally distilled in a Perkin Elmer
Annular Still model 151 as described in Example 2 to initially determine if the
three components form an azeotrope composition. Based upon the results of the
initial evaluation, a second solvent blend comprising about 32.5% by weight
1,1,1,2,3,4,4,5,5,5-decafluoropentane, 29.9% by weight 1-bromopropane, and
about 37.4% by weight acetone was prepared. This second solvent composition

was fractionally distilled in the Perkin Elmer still. After the solvent was heated to
reflux and allowed to equilibrate, distillate fractions of approximately 10% by
weight based upon the total solvent were collected at a 10:1 reflux to takeoft ratio.
Each distillate fraction was analyzed using a gas chromatograph to determine the

concentrations of each of the components. The results are tabulated in Table 5.
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Table 5
Cut # Wt (g) Wt % Wt % DEFP | Wt % Wt % n-PB
fractions Distilled

Tl | 943 | 0 | 325 | 374 | 399
3 3733|4562
:
7
69

®

R 3033
0 104 | 8 | 379 | 3097 | 315 |
[ ma | 99 | 88 | %7 | 194

Average (Cuts 1-8) 29.2 42.8 28.0
DF P=_1,1,1,2,3,4,4,5,5,5-decaﬂuor0pentane, n-PB = 1-bromopropane

ExampleS. 1,1,1,2,3,4,4,5,5,5-Decafluoropentane, 1-Bromopropane, and

Nitromethane Solvent Blend

A solvent composition comprising about 33% by weight
1,1,1,2,3,4,4,5,5,5-decafluoropentane, about 33% by weight 1-bromopropane and
about 33% by weight nitromethane was prepared and distilled as described in

Example 2.
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Analysis of the results does not confirm that an azeotrope composition exists for
the solvent composition comprising approximately equal amounts by weight of
1,1,1,2,3,4,4,5,5,5-decafluoropentane, 1-bromopropane and nitromethane. Never-
the-less this solvent mixture provides an excellent cleaning and degreasing solvent

for operations where partitioning is not a concern.

Example 6. 1,1,1,2,3,4,4,5,5,5-Decafluoropentane, 1-Bromopropane,
Isopropyl Alcohol, and Nitromethane Solvent Blend ‘

A solvent composition cornprising about 32% By weight
1,1,1,2,3,4,4,5,5 ,S-decéﬂuoropentane, about 32% by weight 1-bromopropane,
about 32% by weight isopropyl alcohol, and about 4% by weight nitromethane
was prepared and distilled as descnibed in Example 2. The results of the

distillation are listed in Table 7.
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| Table 6
wt % DFP | wt % IPA | wt % Nitromethane
Inital 32 g2.4 | 4
1 30.8 320 | 0
2 780 | 1.7 0
3 798 | 1.8 0
Bottoms 12.0 49.5

DFP =11 ,1,2,3,4,4,5,5,S-decaﬂuoropentane, [PA = 1sopropyl alcohol

Analysis of the results doés not confirm that an azeotrope composition exists for
this solveni composition comprising approximately’cqual amounts by weight of
1,1,1,2,3.4,4,5,5.5-decafluoropentane, 1 —br0n10pfbpane, 1sopropy! alcoho!l and
about 4% by welght nitromethane. This solvent mixture provides a good cleaning

and degreasing solvent for operations where partitioning 1s not a concern.
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What 1s claimed 1s:

1. A solvent composition comprising 1-bromopropane and about 1%
to about 99% by weight of a hydrofluorocarbon consisting essentially of
1,1,1,2,3,4,4,5,5,5-decafluoropentane.

2. The composition of claim 1 comprising about 10% to about 90% -
by weight of the hydrofluorocarbon.

3. The composition of claim 2 comprising about 30% to about 70%
by weight of the hydrofluorocarbon.

4, The composition of claim 1 consisting essentially of an azeotrope
or azeotrope-like cornposifion of I-Bromopropane and the hydrofluorocarbon.

S. The composition of claim 1 consisting essentially of 1-
bromopropane and the hydrofluorocarbon that, when fractionally distilled,
provides a fractional distillate that is an azeotrope or azeotrope-like composition
wherein the concentrations of the 1-bromopropane and the hydrofluorocarbon
differ from the concentrations of the azeotrope or azeotrope-like composition by
no more than about 10% by weight.

6. The composition of claim 1 comprising about 11% to about 17%
by weight 1-bromopropane and about 83% to about 90% by weight
hydrofluorocarbon.

7. The composition of claim 1 having a Kauri Butanol value of about
5 to about 125.

8. The composition of claim 1 further comprising a stabilizer selected
from the group consisting of alcohols, ketones, nitroalkanes, epoxides, amines,

ethers, and mixtures thereof.

9. The composition of claim 8 wherein the stabilizer is a C; to Cs

alcohol.
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10.  The composition of claim 9 consisting essentially of a ternary

azeotrope or azeotrope-like composition of 1-bromopropane, the

— ~-.__hydrofluorocarbon and the alcohol.

10

15
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25

‘ 11.  The composition of claim 9 consisting essentially of 1-
bromopropane, the hydrofluorocarbon and the alcohol that, when fractionally
distilled, provides a fractional distillate that 1s an azeotrope or azeotrope-like
composition wherein the concentrations of the 1-bromopropane, the '
hydrofluorocarbon, and the alcohol differ from the concentrations of the azeotrope
or azeotrope-like composition by no more than about 10% by weight.

12.  The composition of claim 9 comprising about 12% to about 16%
by weight of 1-bromopropane, about 78% to about 84% by weight of
hydrofluorocarbon, and about 5% to about 6% by weight methanol.

13.  The composition of claim 9 comprising about 20% to about 25%
by weight 1-bromopropane, about 70% to about 80% by weight
hydrofluorocarbon and about 1% to about 5% by weight 2-propanol.

14.  The composition of claim 8 wherein the stabilizer 1s a ketone.

15.  The composition of claim 14 consisting essentially of a ternary
azeotrope or azeotrope-like composition of 1-bromopropane, the
hydrofluorocarbon, and the ketone.

16.  The composition of claim 14 consisting essentially of 1-
bromopropane, the hydrotluorocarbon, and the ketone that, when fractionally
distilled, provides a fractional distillate that is an azeotrope or azeotrope-like
composition wherein the concentrations of the 1-bromopropane, the
hydrotluorocarbon, and the ketone differ from the concentrations of the azeotrope
or azeotrope-like composition by no more than about 10% by weight.

17.  The composition of claim 14 comprising about 24% to about 31%
by weight 1-bromopropane, about 26% to about 35% by weight

hydrotluorocarbon, and about 35% to about 46% by weight acetone.

*
4" ‘ ' CH A LS - ‘ e u ara
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18.  The composition of claim 8 comprising about 15% to about 25%
by weight 1-bromopropane, about 65% to about 75% by weight
hydrofluorocarbon, and about 5% to about 15% by weight butylene oxide.

19. A method of cleaning an article, said method comprising the step
of contacting the article with a solvent composition comprising 1-bromopropane
and about 1% to about 99% by weight of a hydrofluorocarbon consisting
essentially of 1,1,1,2,3,4,4,5,5,5-decafluoropentane.

20.  The method of claim 19 wherein the solvent composition
comprises about 10% to about 90% by weight hydrofluorocarbon.

21.  The method of claim 20 wherein the solvent composition
comprises about 30% to about 70% by weight hydrotluorocarbon.

22.  The method of claim 19 wherein the solvent composition further
comprises a stabilizer selected from the group consisting of alcohols, ketones,

nitroalkanes, epoxides, amines, ethers, and mixtures thereof.



02296589 2000-01-05

CA

PCT/US98/14252

WO 99/02616

1/1

0

0

_

0

b

0

2

[ 31

(tM/ M)
aupjuadoion|}pasg-g‘g
7
G

0L 09 0

G

N/

.v

Ov

4

ek

¢

4

aﬁa

0%

|

_

e G BT e 1 e R T i a-.

pa——
bl

e

N dedammas oy minmn B

e b arnde e M £ i A ] AT ACA AT M TR M A Al o - UL b e i



P A==, “re g me g - . -

I

-gmagiar IR L .LE L fTdimEEl IER I RAY“T 1 ® f+ererecrr'rqa et -9

R T L T T SN T N

I T U
ARFAMIBI AAAIN A me v wrg=l ma
=" ann Frenas srawsd temsan CEXTATE T
TTEEN . AN LJL alvin dagm 0 MEE.Q ¥ ot
LIE LJLEEY RN (LR LN LA 1) (AL LN N E RN NN LN BN L LI B sfE,37m
cwwt St B LApdewebetl. b} .A0m000 (BT IN KN I

. .-

bvBd srmpge

FimadmTuy

siesgieme

R Camn =t

vy TIREEAFEET Y M EILITIIL IR B B r-®1bh-

e e w el ecdad.n.. PIF.PIgIPE NS Tehibans v

' mierEriBEciean rdge ¢emn [

fewws - by W F P ek By EIRTI LA LEE]

Tab 0"t s b 4.4 .m srmid W I*"FIY"w -~

e chmtl aE gl =l === §=d s gomessnc vusdinmy AN J'NIqINENLIN HYEW .e. 0 120,

Ieas"aderiIing | B A d Bl I B

Plst e 4 W, [EEET T RN T Y T

Y IFLEMELT mLRRLEIRIRIP L AN P ar=cgqarsii= w e -

Ble - ops s ey e wamy Beqs s A Al IR me ah &

vded.icemd oAl . 8 ", J'-

SAaav At wrm Yy -

vhdL doBJ T ke MRS

kg e A A B e 4EqAm.gepiE lelbomiaddlbodud

cen.sspimalloncecn. sssrnasasninc e danioemins s @

1*grr=-- R B memre b -4 Y'arr ="y -

“ilm "Tim TR L RN

TIEEIPEERI] T IR, LI . 1T TITILITIIYLY saddt baRidans s shii et tmethrmr i

LN LN NI L N N PR R

r'ms~g~*p mmemanm s % TwmiviPp-Y " Bid &

i iml s gud T Rl R TPy " g - cmig e

" rPPP. AER T bYW m e B sme st by b ITdinla"n

[
svsbomnswd

l-sbhmednpm swsgiprp =4 - ih . drNBA ke Byl A, sem-

TIRRRL] IrEr APy I e em smpepmprmeisbB Al . T

. PP TP L ERERL themi rssmsgightume cw bt

smsdmi A1 e BA'R tsriimy g em cwrmamcprge e - gt L AR AL

. e gtmia.R TR EEERELITIEEE M IR LI B tmir drme
viws by
= sime
[N RN

In srmrn r1-1r=F=-=--

U-NWINELAS

o0

B I R L R

"ILRI B LS beB I RN, N R B

AT IR
- 4 -2 L.n.. (R .
T IPEEL wad Bl

v vl

BT I 1 lwréd-=a v Pedr

fimmy . peel g

L B ssEr Y-

s hdwud - Ilw a=d

S emme N LR TR

40

L RO T

[N | re 't aidum 4= o

PR B INIE WIS AN “*wavimi N tmmqevrey

(I LN AN AN AN LEER L) EL L AENL LN L ar- s

FYERL] cmmrrir rhmte™ tLe.a0E

T cwmssavas T mt by
et el TR NY

sasegent et idwidumid

e mm smy AU R

el v "d1s™ L ETI'@® - PIR. s i pmi s smma s wemrmr®.

30

call .man IvIPIN'R IR A" yeems s Tel d Arai e g I=pug==r

EmILE PR sl dIRIG " s frTrer

IRt e ruen v=d bl - vl b

w-te b= e L — v o b sde e Al

Imvsesseme LU L L B N 4 sa. 0 smry bl

EE 2 2 e el L

e ey g

LLL AL TR AN Imisr-

AP = nnnrin- I i 4,4, LI FRLE TR N

snpprerm trl WY S-S, LR LN BN 1 PR ER FE YR L

R

vk 4 BRIN HEIRETE § 0 151w =r

=rr

d=. ~r=1 I1*"wa mLY R S 181N m.Y'Ewmm LRl A= ter g

fesrdwd s Puitinml LI -3 m St I'RIYSERAIERFA LE A LA tans

SERta .® . AT LIANLLGLA I B LE L PN LI NN N .mrJ Leppem o e 4

At pware e A b Bememies md A hetemit . notcme - ofll s 1=dbd blm-

-

sywwrywvesrhal . lin Pulrd o BréPa-4ate. " 4= ee wv mwtawm ri S eSstAumrne

ddmPosaBarw LI

1=+ e r

B . . *L s

Yi1mcange ANTtrFrINATREY Y

[BE R BRSNS TRE NI B

PO T timl bIE terr el hae &

B LY

T 1R

[ -

CERNE TR PN e sam TSR TR whubrd=—mr@#=" " ww=t v

Piass TqpEpe miviemiwedr “ may aya 1-0‘.“!«1
sededrr 47, ATty fent s m—e Ay ar -.‘-l--l.v

R IN AL I w-RIpIpIp i Fmpga -"g-a~-" @ e = tme ce = .=

wmmsmn e -bmbd

rdpqanme dnmemetrba bomads

L A RN L RN

pentane

-

4,4,5,5,5=Decafluoro

(Wt/Wt)

3,

1,1,2,

1,



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - abstract drawing

