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AZEOTROPIC COMPOSITIONS OF 1,1,3,3-TETRACHLORO-1-FLUOROPROPANE
AND HYDROGEN FLUORIDE

FIELD OF THE INVENTION

The present invention pertains to azeotropic or azeotrope-like compositions of

1,1,3,3-tetrachloro-1-fluoropropane (HCFC-241fa or 241fa) and hydrogen fluoride (HF).

BACKGROUND OF THE INVENTION

Chlorofluorocarbon (CFC) based chemicals have been widely use in industry in a
variety of different applications including as refrigerants, acrosol propellants, blowing
agents and solvents, among others. However, certain CFCs are suspected of depleting
the Earth’s ozone layer. Accordingly, more environmentally friendly substitutes have
been introduced as replacements for CFCs. For example, 1,1,1,3,3-pentafluoropropane
(HFC-245fa) is recognized as having favorable physical properties for certain industrial
applications, such as foam blowing agents and solvents, and therefore is consider to be a
good substitute for the CFCs previously used for these applications. Unfortunately, the
use of certain hydrofluorocarbons, including HFC-245fa, in industrial applications is now

believed to contribute to the global warming. Accordingly, more environmentally
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friendly substitutes for hydrofluorocarbons are now being sought.

The compound 1-chloro-3,3,3-trifluoropropene, also known as HCFO-1233zd or
simply 1233zd, is a candidate for replacing HFC-245fa in some applications, including
uses as blowing agents and solvents. 1233zd has a Z-isomer and an E- isomer. Due to
differences in the physical properties between these two isomers, pure 1233zd (E), pure
1233zd (Z), or certain mixtures of the two isomers may be suitable for particular

applications as refrigerants, propellants, blowing agents, solvents, or for other uses.

1,1,3,3-Tetrachloro-1-fluoropropane (HCFC-241fa) is a reactant used in the
production of both 245fa and 1233zd. See for example U.S. Patent Nos. 5,763,706 and
6,844,475, See also, U.S. Patent Publication No. 2011-0201853 which is directed to an
integrated process and methods of producing 1233zd (E).

It has now been found that an important intermediate in the production of both
245fa and 1233zd, is an azeotrope or azeotrope-like mixture of 1,1,3,3-tetrachloro-1-
fluoropropane (HCFC-241fa) and hydrogen fluoride (HF). This intermediate, once
formed, may thereafter be separated into its component parts, for example by extraction
or distillation techniques. HCFC-241fa has a boiling point of about 140.2°C and HF has
a boiling point of about 20°C at standard atmospheric pressure. These azeotropic or
azeotrope-like compositions find use not only as reactor feeds in the production of 245fa
and 1233zd, but they are additionally useful as solvent compositions for removing

surface oxidation from metals.

SUMMARY OF THE INVENTION

The present invention is directed to azeotropic or azeotrope-like mixtures of
1,1,3,3-tetrachloro-1-fluoropropane (HCFC-241fa) and hydrogen fluoride. Such

compositions are useful as an intermediate in the production of HFC-245fa and HCFO-



WO 2013/126253 PCT/US2013/025854

3/13

1233zd.

In certain embodiments of this mixture, the composition comprises effective

amounts of 1,1,3,3-tetrachloro-1-fluoropropane (HCFC-241fa) and hydrogen fluoride.

In certain embodiments of this mixture, the composition comprises from about 99

to about 1 weight percent HF.

In certain embodiments of this mixture, the composition comprises from about 70

weight percent to about 99 weight percent HF.

In certain embodiments of this mixture, the composition comprises from about 70

weight percent to about 99 weight percent HF.

In certain embodiments of this mixture, the composition comprises from about 1

to about 99 weight percent HCFC-241fa.

In certain embodiments of this mixture, the composition comprises from about 70

weight percent to about 1 weight percent HCFC-241fa.

In certain embodiments of this mixture, the composition comprises from about 30

weight percent to about 1 weight percent HCFC-241fa.

In certain embodiments of this mixture, the composition has a boiling point of

about from 21°C to about 60°C at a pressure from about 16.5 psia to about 54.6 psia.

In another aspect of the invention there is provided a heterogeneous azeotropic
composition consisting essentially of 1,1,3,3-tetrachloro-1-fluoropropane (HCFC-241fa)
and hydrogen fluoride (HF).
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In certain embodiments of this mixture, the composition consists essentially of
from about 90 to about 99 weight percent hydrogen fluoride and from about 10 to about 1
weight percent 1,1,3,3-tetrachloro-1-fluoropropane (HCFC-241fa), which composition
has a boiling point of about 30°C to about 60°C at pressure of about 21.4 psia to

pressure of about 53.9 psia.

Another aspect of the present invention is directed to a method of forming a
heterogeneous azeotropic or azeotrope-like composition comprising the step of blending
components which consist essentially of from about 1 to about 99 weight percent
hydrogen fluoride and from about 99 to about 1 weight percent 1,1,3,3-tetrachloro-1-
fluoropropane (HCFC-241fa), which composition has a boiling point of about from 21°C
to about 60°C at pressure of about from 16.5 psia to about 54.6 psia.

In certain embodiments of this method, the composition consists of hydrogen

fluoride and 1,1,3,3-tetrachloro-1-fluoropropane (HCFC-241fa).

In certain embodiments of this method, the composition comprises from about 99

to about 1 weight percent HF.

In certain embodiments of this method, the composition comprises from about 70

weight percent to about 99 weight percent HF.

In certain embodiments of this method, the composition comprises from about 70

weight percent to about 99 weight percent HF.

In certain embodiments of this method, the composition comprises from about 1

to about 99 weight percent HCFC-241fa.

In certain embodiments of this method, the composition comprises from about 70
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weight percent to about 1 weight percent HCFC-241fa.

In certain embodiments of this method, the composition comprises from about 30

weight percent to about 1 weight percent HCFC-241fa.

In certain embodiments of this method, the composition has a boiling point of

about from 21°C to about 60°C at a pressure from about 16.5 psia to about 54.6 psia.

In certain embodiments of this method, the composition consists of about 98 + 2
weight percent HF and about 2 + 2 weight percent HCFC-241fa, and has a boiling point
of about 21°C at 16.5 psia.

Another aspect of the present invention is directed to a method of separating
241fa from the azeotropic like mixture of 241fa and HF comprising the step of extracting

the HF from the mixture.

In certain embodiments of this method, the extraction of HF is accomplished

using water or other aqueous solution.

In certain embodiments of this method, the extraction of HF is accomplished

using sulfuric acid.

In certain embodiments of this method, the extraction of HF is accomplished by

distillation.

In certain embodiments of this method, the distillation comprises extractive

distillation.

In certain embodiments of this method, the distillation comprises pressure swing
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distillation.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 shows a plot of the vapor pressures of the mixtures formed in Example 1

as measured at 30°C and 60°C.

DETAILED DESCRIPTION OF THE INVENTION

When 1,1,3,3-tetrachloro-1-fluoropropane (HCFC-241fa) and HF were fed to a
reactor, it was found that the HCFC-241fa forms an azeotropic or azeotrope-like mixture

with HF. The unreacted HCFC-241fa/HF intermediate was found in the product stream.

The thermodynamic state of a fluid is defined by its pressure, temperature, liquid
composition and vapor composition. For a true azeotropic composition, the liquid
composition and vapor phase are essentially equal at a given temperature and pressure.
In practical terms this means that the components cannot be separated during a phase
change. For the purpose of this invention, an azeotrope is a liquid mixture that exhibits a
maximum or minimum boiling point relative to the boiling points of surrounding mixture

compositions.

An azeotrope or an azeotrope-like composition is an admixture of two or more
different components which, when in liquid form under given pressure, will boil at a
substantially constant temperature, which temperature may be higher or lower than the
boiling temperatures of the components and which will provide a vapor composition

essentially identical to the liquid composition undergoing boiling.

For the purpose of this invention, azeotropic compositions are defined to include

azeotrope-like compositions, which means a composition that behaves like an azeotrope,
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1.e., has constant-boiling characteristics or a tendency not to fractionate upon boiling or
evaporation. Thus, the composition of the vapor formed during boiling or evaporation is
the same as or substantially the same as the original liquid composition. Hence, during
boiling or evaporation, the liquid composition, if it changes at all, changes only to a
minimal or negligible extent. This is in contrast with non-azeotrope-like compositions in
which during boiling or evaporation, the liquid composition changes to a substantial

degree.

Accordingly, the essential features of an azeotrope or an azeotrope-like
composition are that at a given pressure, the boiling point of the liquid composition is
fixed and that the composition of the vapor above the boiling composition is essentially
that of the boiling liquid composition, i.e., essentially no fractionation of the components
of the liquid composition takes place. Both the boiling point and the weight percentages
of each component of the azeotropic composition may change when the azeotrope or
azeotrope-like liquid composition is subjected to boiling at different pressures. Thus, an
azeotrope or an azeotrope-like composition may be defined in terms of the relationship
that exists between its components or in terms of the compositional ranges of the
components or in terms of exact weight percentages of each component of the

composition characterized by a fixed boiling point at a specified pressure.

The present invention provides a composition which comprises effective amounts
of hydrogen fluoride and HCFC-241fa to form an azeotropic or azeotrope-like
composition. By effective amount is meant an amount of each component which, when
combined with the other component, results in the formation of an azeotrope or
azeotrope-like mixture. The inventive compositions preferably are binary azeotropes

which consist essentially of combinations of only hydrogen fluoride with HCFC-241fa.

In the preferred embodiment, the inventive composition contains from about 99 to

about 1 weight percent HF, preferably from about 70 weight percent to about 99 weight
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percent and most preferably from about 70 weight percent to about 99 weight percent. In
the preferred embodiment, the inventive composition contains from about 1 to about 99
weight percent HCFC-241fa preferably from about 70 weight percent to about 1 weight
percent and most preferably from about 30 weight percent to about 1 weight percent. The
composition of the present invention has a boiling point of about from 21°C to about
60°C at a pressure from about 16.5 psia to about 54.6 psia. An azeotropic or azeotrope-
like composition having about 98 + 2 weight percent HF and about 2 + 2 weight percent
HCFC-241fa has been found to boil at about 21°C and 16.5 psia.

The following non-limiting examples serve to illustrate the invention.

EXAMPLE 1

15.4 g of 1,1,3,3-tetrachloro-1-fluoropropane (HCFC-241fa) were dissolved in
12.9 g of HF to form a heterogeneous azeotrope mixture. This experiment was done at

21°C, and at 16.5 psia.

EXAMPLE 2

Binary compositions containing solely 1,1,3,3-tetrachloro-1-fluoropropane
(HCFC-241fa) and HF are blended to form a heterogencous azeotrope mixtures at
different compositions. The vapor pressures of the mixtures are measured at about

29.9°C and 60°C and the following results are noticed.

Table 1 shows the vapor pressure measurement of HCFC-241fa and HF as a
function of composition of weight percent HF at constant temperatures of about 29.9°C

and 60°C.



WO 2013/126253 PCT/US2013/025854

9/13

Table 1: P-T-X of HCFC-241fa/HF System

Wt%HF  T=29.9°C  T=60°C

0.0 0.23 0.72
92 21.00 53.44
15.8 21.64 54.29
225 21.67 54.32
31.3 21.69 54.50
37.5 21.68 54.50
543 21.62 54.50
55.9 21.58 54.55
71.7 21.35 54.56
91.5 21.36 53.87
100.0 21.34 53.58

These data also show that the mixture is an azeotrope since the vapor pressures of
mixtures of HCFC-241fa and HF are higher, at all indicated blend proportions, than
HCFC-241fa and HF alone, i.¢., as indicated in the first and last rows when HF is 0.0 wt
% and HCFC-241fa is at 100.0 wt% as well as when HCFC-241fa is at 0.0 wt% and HF
is at 100.0 wt.%. The data from Table 1 are shown in graphic form in Figures 1.

EXAMPLE 3

The azeotropic composition of the HCFC-241fa/HF mixture is also verified by
Vapor-Liquid —Liquid Equilibrium (VLLE) experiment. 57.5 g of 1,1,3,3-tetrachloro-1-
fluoropropane (HCFC-241fa) are dissolved in 32.5 g of HF to form a heterogenecous

mixture (visual observation) at 21°C. The vapor compositions of the mixture were
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sampled at room temperature of 21°C. The result shows that the azeotropic composition

is about 98 + 2 wt% HF at 21°C.

As used herein, the singular forms "a", "an" and "the" include plural unless the
context clearly dictates otherwise. Moreover, when an amount, concentration, or other
value or parameter is given as either a range, preferred range, or a list of upper preferable
values and lower preferable values, this is to be understood as specifically disclosing all
ranges formed from any pair of any upper range limit or preferred value and any lower
range limit or preferred value, regardless of whether ranges are separately disclosed.
Where a range of numerical values is recited herein, unless otherwise stated, the range is
intended to include the endpoints thereof, and all integers and fractions within the range.
It is not intended that the scope of the invention be limited to the specific values recited

when defining a range.

It should be understood that the foregoing description is only illustrative of the
present invention. Various alternatives and modifications can be devised by those skilled
in the art without departing from the invention. Accordingly, the present invention is
intended to embrace all such alternatives, modifications and variances that fall within the

scope of the appended claims.

REMAINDER OF PAGE INTENTIONALLY BLANK
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WHAT IS CLAIMED IS:

1. An azeotropic composition comprising effective amounts of 1,1,3,3-

tetrachloro-1-fluoropropane (HCFC-241fa) and hydrogen fluoride (HF).

2. The composition of claim 1, wherein the composition comprises from

about 99 to about 1 weight percent HF.

3. The composition of claim 1, wherein the composition comprises from

about 70 weight percent to about 99 weight percent HF.

4. The composition of claim 1, wherein the composition comprises from

about 70 weight percent to about 99 weight percent HF.

5. The composition of claim 1, wherein the composition comprises from

about 1 to about 99 weight percent HCFC-241fa.

6. The composition of claim 1, wherein the composition comprises from

about 70 weight percent to about 1 weight percent HCFC-241fa.

7. The composition of claim 1, wherein the composition comprises from

about 30 weight percent to about 1 weight percent HCFC-241fa.

8. The composition of claim 1, wherein the composition has a boiling point

of about from 21°C to about 60°C at a pressure from about 16.5 psia to about 54.6 psia.

9. An azeotropic or azeotrope-like composition which consists essentially of
from about 90 to about 99 weight percent hydrogen fluoride and from about 10 to about
1 weight percent 1,1,3,3-tetrachloro-1-fluoropropane (HCFC-241fa), which composition
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has a boiling point of about 30°C to about 60°C at pressure of about 21.4 psia to

pressure of about 53.9 psia.
10.  An azeotropic or azeotrope-like composition which consists of about 98 +

2 weight percent HF and about 2 + 2 weight percent HCFC-241fa and has a boiling point
of about 21°C at 16.5 psia.

REMAINDER OF PAGE INTENTIONALLY BLANK



WO 2013/126253

PCT/US2013/025854

i1
Figure 1
P-T-X of 241fa/HF
80
s O 0 o oo o 0 Q
50 -
40 -
W 30 -
W
&
T 5. g ® ® 8 @ &8 & ®
10 -
g &
1 7 H 3
20 40 60 80 160
W% HF
B WIS HFwT=288C
O W% HFwT=80C




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2013/025854

A. CLASSIFICATION OF SUBJECT MATTER
CO9K 3/00(2006.01)i, CO9K 5/04(2006.01)i, C07C 19/10(2006.01)i, C01B 7/19(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classitication system followed by classification symbols)
CO9K 3/00; CO7C 21/18; CO7C 19/01; CO7C 19/10; CO7C 17/08

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords:azeotrope, HCFC-241fa, hydrogen fluoride

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
gory pprop passag

X US 2003-0060669 Al (SHIBATA, NORIAKI et al.) 27 March 2003 1-10
See paragraphs 53-55 and 63; claims 1 and 13; and example 1.

A US 6124511 A (OHNISHI, KEIICHI et al.) 26 September 2000 1-10
See columns 1-12; and claims 1-18.

A US 5574192 A (VANDERPUY, MICHAEL et al.) 12 November 1996 1-10
See columns 1-5; and claims 1-31.

A US 6329560 B2 (NAKADA, TATSUO et al.) 11 December 2001 1-10
See columns 1-14; and claims 1-19.

A US 7241928 B2 (RAO, VELLIYUR N.MALLIKARJUNA et al.) 10 July 2007 1-10
See columns 1-27; and claim 1.

|:| Further documents are listed in the continuation of Box C. g See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"Q" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
31 May 2013 (31.05.2013) 02 June 2013 (02.06.2013)
Name and mailing address of the ISA/KR Authorized officer
Korean Intellectual Property Office
: 189 Cheongsa-ro, Seo-gu, Dagjeon Metropolitan City, HONG, Sung Ran
3 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No. 82-42-481-5405

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2013/025854
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2003-0060669 Al 27.03.2003 CN 1240648 CO 08.02.2006
CN 1396894 A0 12.02.2003
DE 60140425 D1 24.12.2009
EP 1253126 Al 30.10.2002
EP 1253126 A4 08.06.2005
EP 1253126 Bl 11.11.2009
ES 2334490 T3 11.03.2010
JP 4724997 B2 13.07.2011
KR 10-0744982 Bl 02.08.2007
TW 489061 A 01.06.2002
US 7094934 B2 22.08.2006
WO 2001-56961 Al 09.08.2001
US 6124511 A 26.09.2000 EP 0823412 Al 11.02.1998
EP 0823412 Bl 20.11.2002
JP 10-120602 A 12.05.1998
KR 10-0481761 Bl 16.05.2005
US 5574192 A 12.11.1996 CA 2192843 C 14.02.2006
CN 1063736 C 28.03.2001
CN 1152904 A 25.06.1997
EP 0770048 Al 20.05.1998
EP 0770048 Bl 30.12.1998
JP 09-508138 A 19.08.1997
JP 2818035 B2 21.08.1998
KR 10-0240375 Bl 15.01.2000
WO 96-01797 Al 25.01.1996
US 6329560 B2 11.12.2001 JP 2001-261593 A 26.09.2001
US 2001-0021792 Al 13.09.2001
US 7241928 B2 10.07.2007 CA 2228276 Al 13.02.1997
CA 2228276 C 08.07.2008
CA 2228287 Al 13.02.1997
CA 2228287 C 10.06.2008
CN 1082039 C 03.04.2002
CN 1196716 A 21.10.1998
CN 1197448 A0 28.10.1998
EP 0863862 Al 16.09.1998
EP 0863862 Bl 09.01.2002
EP 0876314 Al 11.11.1998
EP 0876314 Bl 26.02.2003
KR 10-0457368 Bl 15.01.2005
KR 10-0516407 Bl 27.09.2005
KR 10-0517576 Bl 21.12.2005
US 2003-0208090 Al 06.11.2003
US 2005-0080302 Al 14.04.2005
US 2008-0108852 Al 08.05.2008
US 6040487 A 21.03.2000

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2013/025854

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 6291730 Bl 18.09.2001

US 6755942 Bl 29.06.2004

US 6858762 B2 22.02.2005

WO 97-05089 Al 13.02.1997

WO 97-05090 Al 13.02.1997

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	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 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - wo-search-report
	Page 17 - wo-search-report
	Page 18 - wo-search-report

