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CLEANING SOLVENT COMPOSITIONS EXHIBITING AZEOTROPE-LIKE BEHAVIOR AND
THEIR USE

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority of provisional patent application Serial No.
63/067,018 filed on August 18, 2020 in the name of Venesia L. Hurtubise, and entitled
"CLEANING SOLVENT COMPOSITIONS EXHIBITING AZEOTROPE-LIKE BEHAVIOR
AND THEIR USE".

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The present invention concerns solvent-based cleaning compositions of the
type used in industrial processes for cleaning a wide variety of articles of manufacture in-
cluding metals and plastics in the metal-working, electronics and other industries.

Description of Related Art

[0003] Solvent based cleaning compositions are used in industrial processes for
cleaning a wide variety of soiling substances and residues (below sometimes referred to as
"soils" or "soiling substances"). The electronics industry typically cleans fluxes, solder pastes,
adhesives and coatings from a variety of devices before and after assembly of components.
Such devices may comprise one or more of a wide range of materials comprising metal, ce-
ramic and synthetic polymer (plastic) substrates and components. Metal working operations
must remove lubricant oils and soaps, grinding media and greases from metal surfaces.
Many of these soils are very difficult to strip from metal surfaces, especially with non-aque-
ous cleaners.

[0004] Of special interest are non-flammable blends of solvents that provide a clean-
ing solvent which can be used safely in aerosol packages, or as wiping fluids or in bulk
cleaning tanks, for example, in vapor degreasing ("VDG") units. Typically, these cleaning
solvents comprise halogenated compounds that are either non-flammable themselves or can
be rendered non-flammable in a mixture with other halogenated compounds. For example, it
is known to use chlorinated hydrocarbons, such as flammable trans-dichloroethylene (TDCE),
as the high solvency component with fluorinated components that serve to render the cleaning
solvent blend non-flammable. In addition, and especially for VDG applications, the cleaning
solvent blend should be an azeotrope or an azeotrope-like composition that is non-flammable
so that the vapor is also non-flammable. Therefore, it is highly desirable that the azeotrope not
significantly fractionate after distillation, condensation and re-mixing, as happens in a vapor
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degreaser. That is, the component ratios should be nearly the same in the boil sump as in the
rinse sump in a VDG, or in the boil flask and receiver over the course of a full distillation.

[0005] The industry seeks to maximize the cleaning power of its products, often de-
fined as the Kauri-Butanol index ("KB value"). To do this, the concentration of a high KB value
component in the blend is made as high as is feasible. However, the solvent blend becomes
more difficult to render non-flammable as the amount of the high KB value component in the
composition is increased. A significant advance in the art was made by Dupont Corporation
with the introduction of an azeotrope-like blend of 4% by weight methyl perfluoroheptene
(MPHE) ethers, 0.8% Vertrel XF and 95.2% TDCE, offered as Vertrel Sion. This is currently
the highest concentration of TDCE in a commercial product. However, the high TDCE con-
centration adversely affects flammability, that is, the Vertrel Sion solvent may be more flamma-
ble than desired.

[0006] Japanese Patent application JPH10130183(A) ("Yu;ji et al.”) discloses azeo-
tropic compositions useful for cleaning electronic parts or the like, one embodiment of the
disclosed compositions being comprised of blends of 55 to 75 weight percent 1,1,1,3,3,3,-
hexafluoro-2-methoxypropane ether (HFMOP”) and 25 to 45 weight percent acetone. As
shown by the flammability test of Part A of Example 2 below, the Yuji et al. composition con-
taining 75 weight percent HFMOP and 25 weight percent acetone is highly flammable. In-
creased amounts of acetone above 25 weight percent and up to 45 weight percent as taught
by Yuji et al. would further increase flammability. Other solvent cleaning compositions dis-
closed in Yuiji et al. combine HFMOP with cyclohexane, hexane or cyclopentane. The
HFMOP/cyclohexane composition of Yuji et al. discloses 75 to 95 weight percent HFMOP.

[0007] Patent publication US 2020/0024553 A1 of Zhihung Ye was published on Janu-
ary 23, 2020 and discloses an azeotropic composition comprising a blend of 1,1,1,3,3,3,-hex-
afluoro-2-methoxypropane and a second component selected from the group consisting of iso-
propyl alcohol, ethanol, methanol, and trans-1,2-dichloroethylene. The azeotropic composition
is said to exhibit a substantially constant boiling point at a constant pressure and to be useful
for various cleaning and degreasing applications.

[0008] U.S. Patent 7,531,496 B2 to B.H. Minor et al. issued on May 12, 2009 discloses
binary azeotrope-like compositions consisting essentially of 1,1,1,3,3-pentafluorobutane (HFC-
365mfc) and 1,1,1,2,3,4,4,5,5,5-decafluoropentane (HFC-43-10mee) or nonafluoromethoxy-
butane. Also disclosed are ternary or quaternary azeotrope-like compositions consisting es-
sentially of 1,1,1,3,3-pentafluorobutane and 1,1,1,2,3,4,4,5,5,5-decafluoropentane or nonafluo-
romethoxybutane, and additionally trans-1,2-dichloroethylene, n-propyl bromide, acetone,
methanol, ethanol or isopropanol.

[0009] U.S. Patent 5,064,559 to A.B. Merchant et al. issued on November 12, 1991
and discloses a cleaning solvent comprising azeotropic mixtures of 1,1,1,2,3,4,4,5,5,5-
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decafluoropentane and methanol or ethanol or isopropanol, the azeotropic mixtures being use-
ful in solvent cleaning applications, as blowing agents, refrigerants, heating mediums and aer-
osol propellants.

[0010] U.S. Patent 8,410,039 to J.E. Bartelt et. al. issued on April 2, 2013 discloses
blends and uses of azeotropic formulations of methyl perfluoroheptene ethers and trans-di-
chloroethylene.

[0011] U.S. Patent 6,312,759 to T. Yamada et. al. issued on November 6, 2001 dis-
closes blends of 95% or more heptafluorocyclopentane (HFCP) with many other solvents to

be used as cleaning compositions or carrier fluids.

SUMMARY OF THE INVENTION

[0012] Generally, the present invention concerns low flammability cleaning solvent
compositions exhibiting azeotrope-like behavior, for example in vapor degreaser operations,
and the use of such cleaning solvents. Furthermore the cleaning solvent compositions of the
present invention are essentially non-fractionating upon distillation, which is important for
both the efficient and safe operation of cleaning operations and safety of various solvent
packages such as bulk solvent, and solvent aerosol, wipes, and pump sprays. The cleaning
solvent compositions of the present invention comprise blends of 1,1,1,3,3,3-hexafluoro-2-
methoxypropane ("HFMOP") ether and acetone. HFMOP is a fluoroether having the follow-
ing structure

CF,
FBC’ \Q,eCH:‘1
and the following characteristics.
Molecular wt: 182 Viscosity: 0.33 ¢St (at 25 °C)
Boiling Point: 50 °C Density: 1.39 g/mL (at 25 °C)
Freezing Point: | <-78 °C KB Value: 12.2
Flash Point: Not Detectable

[0013] Specifically, in accordance with one aspect of the present invention there is
provided a solvent composition having azeotrope-like properties and comprising 1,1,1,3,3,3-
hexafluoro-2-methoxypropane ether (‘HFMOP”) and acetone, the HFMOP and the acetone
being present in a weight ratio of about 24 to about 99, for example, about 24 to about 49,
parts HFMOP, to one part acetone, for example, in a weight ratio of HFMOP to acetone of
from about 27.9 to 39.0.
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[0014] Other aspects of the present invention provide that the composition further
optionally comprises one or more additives which do not significantly adversely affect the
azeotrope-like and non-flammable properties of the composition of the present invention
and, if present, are present in a limited amount not exceeding about 10 weight percent of the
composition.

[0015] Such additives, when present, are selected from the class consisting of one
or more of surfactants, lubricants and co-solvents conventionally used in cleaning solvent
compositions. In related aspects of the present invention the surfactants, when present, are
selected from the class consisting of one or more of alkyl phosphate amine salts, ethox-
ylated alcohols, and quaternary ammonium salts; the lubricants, when present, are selected
from one or more of mineral oil, alkyl benzenes, polyol esters, and fluorinated lubricants in-
cluding perfluoropolyethers, fluorosilicones, polytetrafluoroethylene, and polytrifluorochloro-
ethylenes; and the co-solvents, when present, are selected from the class consisting of one
or more of alcohols such as methanol, ethanol, n-propanol, isopropanol and benzyl alcohol,
esters, ethers, ether alcohols and hydrocarbons such as pentane, cyclopentane, hexane, cy-
clohexane, heptane and octane.

[0016] Another aspect of the present invention provides for a solvent composition
having azeotrope-like properties and comprising from about 96 to about 99 weight percent
1,1,1,3,3,3-hexafluoro-2-methoxypropane ether (“HFMOP”) and from about 1 to about 4
weight percent acetone, or from about 96 to about 98 weight percent HFMOP and from
about 2 to about 4 weight percent acetone. In related aspects, acetone comprises from
about 2.0 to about 3.5 weight percent of the composition, for example, acetone may com-
prise from about 2.5 to about 3 or about 3.5 weight percent of the composition, with HFMOP
comprising from about 96.5 to about 98 weight percent of the composition. Additives may
optionally be present in the composition of the present invention, or the composition may
comprise substantially only HFMOP and acetone, except for trace impurities which may be
found in commercially available HFMOP and acetone.

[0017] In accordance with a method aspect of the present invention, there is pro-
vided a method of cleaning an article of manufacture by contacting the article with a solvent
composition having azeotrope-like properties and comprising 1,1,1,3,3,3-hexafluoro-2-meth-
oxypropane ether (‘HFMOP”) and acetone, the HFMOP and the acetone being present in a
weight ratio of from about 24 to about 99 parts HFMOP to about 1 part acetone, or about 24
to about 49 parts HFMOP to about one part acetone, for example, in a weight ratio of
HFMOP to acetone of from about 27.6 to about 39.0, and the composition optionally further
comprises one or more additives which do not adversely affect the azeotrope-like and non-
flammable properties of the composition and, if present, are present in an amount not ex-

ceeding about 10 weight percent of the composition. The additives, when present, are those
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surfactants, lubricants and co-solvents described above. The solvent composition is re-
moved from the article after the contacting of the article with the solvent composition.

[0018] A further method aspect of the present invention provides that the composi-
tion is vaporized and the article is contacted with the resulting vapor, and after such contact-
ing the vapor is condensed to the liquid composition.

[0019] Other aspects of the present invention will be apparent from the following de-
tailed description.

[0020] Unless otherwise specifically stated, all percentages of a given component,
whether expressed as "weight percent”, "%", "wt %" or otherwise, are percent by weight of
the component in the solvent composition, based on the total weight of the composition.

[0021] As used herein, the term "azeotrope-like" behavior or characteristics or lan-

guage of similar import used with reference to the cleaning solvent blends of the present in
vention means that while the solvent blends may not exhibit perfect azeotropic characteris-
tics (although some of the blends of the present invention may do so), the changes in com-
position after repeated distillation cycles are small. As a practical matter, a change of not
more than 20 wt percent of the starting amount of a major component of a solvent blend
composition is often considered acceptable. As demonstrated in Example 1 below, the
change after seven hours of distillation in the starting amount of HFMOP in a 3 wt percent
acetone embodiment of the present invention is quite small. Such change is preferably less
than 10 wt percent, more preferably less than 5 wt percent of the starting content of HFMOP,
e.g., not more than about 2 wt percent.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Figure 1 is a schematic view in elevation of a bench top simulation of a stand-
ard 2-sump vapor degreaser comprising a "dual bulb" apparatus of the type used to develop
the data illustrated in Figures 2-5;

[0023] Figure 2 is a graph plotting the change in composition of the HFMOP and ac-
etone components of a cleaning solvent embodiment of the present invention over seven
hours of operation measured in the boil sump of the apparatus of Figure 1;

[0024] Figure 3 is a graph identical to that of Figure 2 except that it shows the
change in composition in the rinse sump of the dual bulb apparatus;

[0025] Figure 4 is a graph plotting the data of Figures 2 and 3 against the time of op-
eration of the apparatus, but showing the change in quantity of the HFMOP component in
the boil and rinse sumps; and

[0026] Figure 5 is a graph identical to that of Figure 4 except that it plots the change
in quantity of the acetone component.

DETAILED DESCRIPTION OF THE INVENTION
AND SPECIFIC EMBODIMENTS THEREOF

[0027] Figure 1 schematically illustrates a conventional dual-bulb bench top labora-
tory glassware of the type utilized to simulate operation of a VDG unit and generate the
data presented below. Laboratory glassware 10 comprises a boil bulb 12 having a neck
12a which protrudes into rinse bulb 14. Neck 12a has formed therein an aperture 12b
which is disposed within rinse bulb 14. A condenser 16 is fitted to rinse bulb 14 at the outlet
end thereof and comprises a cooling coil 18 disposed within condenser 16. A cold water inlet
18a is connected to a source of cooling water (not shown) and a cold water outlet 18b is con-
nected to a water discharge (not shown). Boil bulb 12 is disposed upon a heating mantel 20.

[0028] In use, a solvent composition to be tested is introduced into boil bulb 12 and
heated to boil the solvent composition and generate a vapor which rises to rinse bulb 14 and
then into condenser 16 as indicated by arrows V4. Vapor is condensed by contact with cool-
ing coil 18 and flows into rinse bulb 14 as indicated by arrows Ci. When the condensate col-
lected in rinse bulb 14 reaches the level of aperture 12b, the overflow solvent flows back into
boil bulb 12 as indicated by arrow C..

[0029] Standard Test Procedure. Trials were conducted in a bench top simula-

tion of a standard 2-sump vapor degreaser using a “dual bulb” apparatus of the type il-
lustrated in Figure 1, having a sampling port (not shown in Figure 1) on the boil flask.
Samples from various locations and times are analyzed by gas chromatography using
an Agilent Corporation DB-200 capillary column (trifluoropropyl methyl dimethyl



WO 2022/040114

PCT/US2021/046198

siloxane stationary phase) and an FID detector. The following Examples report the re-

sults of trials conducted pursuant to this Standard Test Procedure.

Example 1

[0030] Formulation of an embodiment (designated 17-90-1) of the present in-

vention containing 97 wt percent HFMOP and 3 wt percent acetone is distilled in labora-

tory glassware of the type schematically illustrated in Figure 1.

Part A — Change in Boil Composition by Distillation in Laboratory Glassware Simulating

a Vapor Degreaser

Prototype 17-90-1 Vapor Degreaser Simulation
Total Time
Distilled (hours) wt % HFMOP | wt % ACETONE
0 97.00 3.00
1 95.45 4.55
2 95.57 4.43
3 95.59 4.41
4 95.62 4.38
5 95.60 4.40
6 95.58 4.42
7 95.58 4.42

The change in HFMOP starting content is 97.00 - 95.58 = 1.42. This represents a re-
duction of HFMOP in the boil composition over the course of seven hours of distillation

of 1.42/97.00 = 1.46 wt %.
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Part B — Change in Rinse Composition by Distillation in Laboratory Glassware Simulat-
ing a Vapor Degreaser

Prototype 17-90-1 Vapor Degreaser Simulation
Total Time
Distilled (hours) | wt % HFMOP | wt % ACETONE
0 97.00 3.00
1 98.24 1.76
2 98.09 1.91
3 98.02 1.98
4 97.98 2.02
5 97.96 2.04
6 97.93 2.07
7 97.90 2.10

The change in HFMOP content in the rinse composition over the seven hours of distillation,
calculated as for the boil composition, is an increase of 0.90/97.00 = 0.93 wt %.

[0031] As the above data shows, Prototype 17-90-1 exhibits azeotropic proper-
ties. The boiling point of Prototype 17-90-1 was determined to be 51.3 °C, which is 4.5
°C lower than the calculated boiling point. The distillation data indicate that the compo-
sition does shift initially from 3 wt % acetone to 2 wt % in the rinse and 4 wt % in the
boiling areas of the system. The 7-hour distillation evaluation depicts the stability of the
blend after the initial shift.

[0032] Example 1 demonstrates that only a limited change in the initially pre-
sent quantity of each component of the blend is sustained in the boil and rinse sumps
after an evaporation and condensation period of seven hours in the apparatus of Figure
1 as is shown in Figures 2 and 3. Figures 4 and 5 show the changes in composition in
the boil and rinse sumps of the apparatus of Figure 1 for, respectively, HFMOP and ac-
etone.

[0033] HFMOP in combination with acetone in the stated proportions has been
found to provide an advantageous alternative to known compositions containing other
hydrofluoroethers ("HFEs") in combination with a high KB flammable solvent. A major
benefit of using HFEs instead of hydrofluorocarbons ("HFCs") in cleaning solvents is
improved environmental characteristics. HFMOP has shown flammability suppression
characteristics which allow it to be blended with flammable solvents having a high KB
value, such as acetone, to provide non-flammable compositions. It is of course highly
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desirable to form non-flammable azeotropes with the HFE and flammable cleaning sol-

vents.

[0034] The following compositions were tested by a "pan test" for flammability.

A metal pan was filled with 10mL of solvent in a fume hood. A flame source was

passed over the surface of the liquid and the flame was monitored for size and duration.

Once the flame extinguished, the fumes were allowed to dissipate for 30 seconds. The

flame source was then passed over the solvent surface again. This process was re-

peated until all of the solvent had evaporated. The testing was ceased if the flames did

not self-extinguish within 10 seconds. A solvent which self-extinguished the flames in

less than 5 seconds was deemed “non-flammable.” A solvent which did not extinguish

the flames after 5 seconds was deemed “flammable.” This test method is a procedure

employed to gauge flammability potential for solvent blends before testing via closed-

cup or open-cup methods.

Example 2

Each composition comprised the stated weight % of solvent, balance HFMOP.

Part A — Comparative Examples

Composition

Flammability Results

HFEMOP and Ethanol
3 wt % ethanol

5 wt % ethanol

flammable

flammable

HFMOP and
Trans-dichloroethylene ("Trans")
50 wt % trans

non-flammable

10130183A, noted above)
25 wt % acetone

80 wt % trans flammable

95 wt % trans flammable
HEMOP and Isopropy! Alcohol (IPA")

3wt % IPA flammable
HEMOP and Acetone (Example

taken from Yuiji et al. JPH highly flammable

Part B — Embodiments of the Present Invention

Composition

Flammability Results




WO 2022/040114 PCT/US2021/046198

HEMOP and acetone

1 wt % acetone non-flammable
2 wt % acetone non-flammable
2.5 wt % acetone non-flammable
3 wt % acetone (Prototype 17-90-1) non-flammable
4 wt % acetone non-flammable

[0035] The flammability tests of Example 2 demonstrate that blends of HFMOP
or other HFEs with certain alcohols or trans-dichloroethylene as taught in the prior art
are flammable. In contrast, Prototype 17-90-1, a blend of HFMOP with acetone (3 wt %
acetone) is self-extinguishing. Further, flammability studies of Prototype 17-90-1 indi-
cate that the blend does not become flammable over time. A low acetone content less
than one percent is of course non-flammable but results in poor cleaning power.

[0036] The present invention has been described in detail with respect to spe-
cific embodiments thereof but these specific embodiments are not intended to be con-
strued as limitations on the scope of the invention.
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IN THE CLAIMS

What is claimed is:

1. A solvent composition having azeotrope-like properties and comprising
1,1,1,3,3,3-hexafluoro-2-methoxypropane ether (“‘HFMOP”) and acetone, the HFMOP and
the acetone being present in a weight ratio of about 24 to about 99 parts HFMOP to one part

acetone.

2. The composition of claim 1 wherein the HFMOP and the acetone are present in
a weight ratio of about 24 to about 49 parts HFMOP to one part acetone.

3. The composition of claim 1 or claim 2 further comprising one or more additives
which do not adversely affect the azeotropic-like properties of the composition and, if pre-
sent, are present in an amount not exceeding about 10 weight percent of the composition.

4. The composition of claim 3 wherein the additives, when present, are selected
from the class consisting of one or more of surfactants, lubricants and co-solvents.

5. The composition of claim 3 wherein the surfactants, when present, are selected
from the class consisting of one or more of alkylphosphate amine salts, ethoxylated alcohols,
and quaternary ammonium salts; the lubricants, when present, are selected from one or
more of mineral oil, alkyl benzenes, polyol esters, perfluoropolyethers, fluorosilicones, poly-
tetrafluoroethylene, and polytrifluorochloroethylenes; and the co-solvents, when present, are
selected from the class consisting of one or more of methanol, ethanol, n-propanol, isopro-
panol, benzyl alcohol, esters, ethers, ether alcohols, pentane, cyclopentane, hexane, cyclo-
hexane, heptane and octane.

6. The composition of claim 3 wherein the HFMOP and acetone are present in a
weight ratio of from about 27.6 to about 39.0 parts HFMOP to one part acetone.

7. A solvent composition having azeotrope-like properties and comprising from
about 96 to about 99 weight percent 1,1,1,3,3,3-hexafluoro-2-methoxypropane ether
("HFMOP”) and from about 1 to about 4 weight percent acetone.

8. The composition of claim 7 comprising from about 96 to about 98 weight percent
1,1,1,3,3,3-hexafluoro-2-methoxypropane ether (‘HFMOP”) and from about 2 to about 4
weight percent acetone
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9. The composition of claim 7 wherein acetone comprises from about 2.5 to about
3.5 weight percent of the composition.

10. The composition of claim 7 wherein acetone comprises from about 2 to about 3
weight percent of the composition.

11. A method of cleaning an article of manufacture by contacting the article with a
solvent composition having azeotrope-like properties and comprising 1,1,1,3,3,3-hexafluoro-
2-methoxypropane ether (“HFMOP”) and acetone, the HFMOP and the acetone being pre-
sent in a weight ratio of from about 24 to about 99 parts HFMOP to one part acetone, and
the composition optionally further comprising, one or more additives which do not adversely
affect the azeotrope-like properties of the composition and, if present, are present in an
amount not exceeding about 10 weight percent of the composition, the additives, when pre-
sent, being selected from the class consisting of one or more surfactants selected from one
or more of alkylphosphate amine salts, ethoxylated alcohols, and quaternary ammonium
salts; the lubricants, when present, being selected from one or more of mineral oil, alkyl ben-
zenes, polyol esters, perfluoropolyethers, fluorosilicones, polytetrafluoroethylene, and polytri-
fluorochloroethylenes; and the co-solvents, when present, are selected from the class con-
sisting of one or more of methanol, ethanol, n-propanol, isopropanol, benzyl alcohol, esters,
ethers, ether alcohols, pentane, cyclopentane, hexane, cyclohexane, heptane and octane
and removing the solvent composition from the article after the contacting of the article with
the solvent composition.

12. The method of claim 11 wherein the HFMOP and the acetone are presentin a
weight ratio of from about 24 to about 49 parts HFMOP to one part acetone.

13. The method of claim 11 or claim 12 wherein the composition is vaporized and

the article is contacted with the resulting vapor, and after such contacting the vapor is con-
densed to the liquid composition.
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