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AZEOTROPIC GR AZEQTRCOPIC-LIKE COMPOSITIONS OF 1,1,1-
TRIFLUOROFETHANE AND 1-CHLORO-2,2,2-TRIFLUOROETHANE

Field of the invention

Lre

mvention relates to compositions of 1,1, 1-trifluoroethane (HFC-

6]

(00011 Thi
143a) and more specifically to azeotropic and azeotrop ic-like compositions of 1,1,1-

srifiuoroethane and 1-chloro-2 2 2-tiflucroethane (R-133a).

Rackground to the Invention
(0002} A number of processes for the production of 1.1,%-riflucrosthane
(HFC-1432) are known. However, the products of these processes contain reaction
15 by-products, among which is 1-chlor -2 2 2-wrifluorcethane (R-133a). it s highly

o remove such reaction by-products in order 1o achieve purer

O
e

desirable o be abl

= 1.1, 1-triflucrosthane compositions having a bolling point

o
.
o

1.1, 1-iriflucrosthan

within a relatively small range.

g

10003] Unfortunately, as is known tosthose in the relevant art, the combination

[
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of fwo or more constituents forming an HFC/non-HFC mixture often resulis in

compositions wherein relatively small changes in the relative amounts of the
constituents resulis in relatively large changes in the bolling point and vapor
of the mixiure. For example, the boiling point and vapor pressure

of many typical HFC/non-HFC mixtures can be predicted using
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ics! models az described in Praunitz, Lichienthaler
Thermedynarmice in Fluid-Phase Equilibria”, pp 178-190
‘second edition;, Prentice-Hall, Inc., %m&@@z’aéeé herein by reference thereto, As
t al., & plot of vapor pressure or beiling point of a regular

netituent composition tends to have a significantly positive
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siope, indicating that relatvely 1arge cnar

upon @awaf small changes in the constituent composition. Accordingly, mixtures
E3

in constituent emounts may still have
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relatively large changes in boiling points. Thus, there is a need to identify a binary
azectropic or azeotropic-like mixiurs of HFC-143a and R-133a so that modeling and
simuiation may be accomplished to ideniify the comect necessary separation

equipment and methods fo better obtain purities of final HFC-143a product.
Summary of the Invention

[0004] Applicants have come to appreciate that mixtures having a relatively
constant boiling point, that is, a boiling point that changes by a reiatively small
amount as the constifuent amounis of the mixiure changes, are difficult to separale.
{Deleted texis as we are nol focusing on spraying applications but on separation
process by distillation). Unfortunately, mixtures having such relatively constant
boiling point properties are not only uncommon, but also unpredictable.

[0005] The present inventors have discovered azeolropic or szeofropic-like
compositions of effective amounis of 1.1, 1-triflucroethane (HFC-143a) and 1-chloro-
2.2 2-trifluoroethane (R-133a). The discovery of the azeotropic or azeotropic-like
compositions of HFC-143a and R-133a permits such azectropic or azetropic-like
compositions to be distilled off from a composition containing both HFC-143a and R-
133z in a distillation column whereby the concentration of K-133a at the {op of the
column is greater than the concentration of R-133a in the botiom of the column.
This distillation process has particular applicability in purifying HFC-143a when it is
nroduced from the reaction of vinylidene chicride with HF since the azeotropic or
azeotropic-like compositions of HFC-143a and R-133a can be distilled from the
products of that reaction in order to purify the HFC-143a produced.

Detailed Description of the Invention
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[G006] in accordance with the present invention i n

there are azeolropic or azeotropic-like compositions of effective amounis of

i = FLIZIMD A A% 2 5 L
trifluorosthans (RFG-T45a: and
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discovery of the azeotropic or azeotropic-like composit of HFC-1433 and R-133a
permits such azeofropic or azeo‘éregécwééé«ze compositions o be distilled off from a
composition containing both HFC-143a and R-133a In a distillation column whereby
the concentration of R-133z at the top of the column is greater than the
concentration of B-133a in the botiom of the column. This distillation process has
particular appiicability in purifying HFC-143a when it is produced from the reaction of
vinylidene chioride with HF since the azeotropic or azeotropic-like compositions of
HEC-143a and R-133a can be distilied from the products of that reaction in order io
ourify the HFC-143a produced. The azeotropic or azeotropic-like composition of
HFEC-1432 and R-133%a from the top of the column can be recycled or sent back fo

the reactor for conversion of R-133g o HFC-145a.

[0007] it has been further discoversd that HFC-143a and R-133a form
azeotropic or azeotropic-like compositions having a boiling point with a relatively
small range of -46.5:2 °C af atmospheric pressure {(14.42 psia). In a further
embodiment, the azeotropic or azectropic-like compositions have a boiling point of
from zbout -46.6 io about -47.2 °C.  In a still further embodiment, the azseolropic or
azeotropic-like compositions have a boiling point of from about -46.8 °C to about ~
47.2 °C. in a yet further embodiment the azeotropic or azeotropic-like compositions
have 2 boiling point of from about =47 °C to about —47.2 °C. In another still further

embodiment, the azeotropic or azeotropic-like compositions have a boiling point of

about —47 .2 °C.

0608 Such azeotropic or azeotropic-like composiiions generally are mixiures
of HFC-1432 and R-1332 wherein the composilion comprises, and preferably
consists essentially of:

from ahout 70% by weight up to an smount just iess than about 100% b

weight of HFC-143z, and

from about 30% by weight down to an amount just more than 0% by weight of

ght percent ihe composition,
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[0008] in a further embodiment of the invention the azectropic or azeotropic-

like compositions generally are mixtures of HFC-143a and R-133a wherein the

composition comprises, and preferably consists essentially of:
from about 75% by weight up to about 99.8% by weight of HFC-1433,

and
from about 0.1% by welight to about 25% b by weight of R-1333,

wherein the weight percentages are based on the {otal weight of the composition.

The azeotropic or azeotropic-like composition of HFC-143a and R-133a ?mm the top

of the colurmn can be recvcled or sent back to the reactor for conversion of R-123a

to HFC-143a.

10010] in a siill further embodiment of the inveniion the azsoclropic or

azeotropic-iike compositions generally are mixtures of HFC-143a and R-133a
n comprises, and preferably consists essentiiaily of:
43a

wherein the compositio
from about 90% by weight up 1o about 89.9% by weight of HFC-1

i

and
from about 0.1% by weight fo about 10% by weight R-133

wherein the weight percentages are based on the total weight of the composition.

The azeotropic or azeotropic-like composition of MFC-143a and R-133a from the top

of the column can be recycled or sent back to the reactor for conversion of R-133a

to HFC-143a.

0011] The inveniors have also discovered that during s dist

involving 143a and 138a mixtures, the 133a wili tend fo accumulate in the upper,

cooler part of the column, up to the azeotropic composition, instead of the botlom,

warmer pari of the column. This property may be used io remove the 133z, the
undesirabie component, from the mixture, as the pure 143a, having a boliing point

higher than of the azeotrope, will iend io accumulate in the bottom of the column

from where it can be exiracted. Thus, a distiliation process of this invention will

: T :x
o o e P U Pe L Er
[ ZZEOUODIC-IKS il :

comprise distiling an  azeotropic
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composition and as a result of the distillation the 133a concentration on the {op of

the column is higher than the 133z concentration in the composition in the botiom of

the column. In accordance with an embodiment of the invention the azetropic or

azetropic-ike compositions being distilied are azeotropic or azeotropic-iike

compositions of effective amounts of 1,1, 1-rifluoroethane (HFC-143a) and 1-chioro-
2.2 2-frifluorosthane (R-133a). it has further been discovered that HFC-143a and R-
133a form azeotropic or azeoiropic-like compositions being distilled may have a

boiling point with & relatively small range of -46.5z2Z °C al almospheric pressure

(14,42 psia}. In = further embodiment, the azeotropic or azeotropic-like
compositions being distilied have a boiling point of from about -46.6 1o about -47.2
°C. in a2 still further embodiment, the azeotropic or azeotropic-liike compositions
being distilled have a bolling point of from about —46.8 °C to about —47.2 °C. In a
yet further embodiment the azeotropic or azeotropic-like compositions being distilled
have a boiling point of from about —47 °C o about —47.2 °C.  In ancther still further
embodiment, the azeotropic or azecotropic-like compositions being distilled have a2

boiling point of about ~47.2 °C.

10012} in the distillation process, the azeotropic or azeofropic-like
compositions generally are mixtures of HFC-143a and R-133a wherein the
composition comprises, and preferably consists essentially of:

from about 70% ov weight up to an amount just less than about 100% by
weight Of HFC-1438g, and

from about 30% by weight-down to an amount just more than 0% by weight of
R-133a,

wherein the weight perceniages are based on the total weight of the compeosition

10013} In g further embodiment of the invention, In the distiilation process, the
ic-like compositions generally are mixtures of HFC-143a and
R-12332 wherein the zcrf:csgar z;szmggfésag, and preferably consists essentially of:

boul 75% Dy weight up to about 98.89% by weight of HFC-1433,

<N
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from about 0.1% by weignt o about 25% by weight of R-1383a

wherein the weight percaniages are based on the lolal weight of the composition

[0014] In a still further embodiment of the invention, in the distillation process.

the azeotropic or azeotropic-like compositions generally are mixtures of HFC-1433

and R-133a wherein the composition comprises, and preferably consisies essentially
of:

from about 90% by weight up fo about 99.8% by weight of HFC-1433

and

from about 0.7% by weight to about 10% by weight of R-1233,

wherein the weight perceniages are based on the total weight of the composition.

10015] The invention will be particularly useful when HFC-143a is produced by
the reaction of vinvlidene chloride with MF and the reaction product contains HFC-
143 3 and R-133a since the afore-mentioned distiliation process may be conducted

on the products of that reaction to distill off from the products of that reaction any of

the azeolropic or azeotropic-like compositions as described herein before in order (o

purify the HFC-143a product produced.

[0G16] This invention provides azeoptropic or azeopfropic-like compositions of

HFC-1433 and R-133a having a boiling point with a relatively small range of +2 °C at

atmospheric pressure (14.42 psia). Such azeotropic or azeotropic-like compositions

generally are mixiures of HFC-143a2 and R-133z wherein the composition

comprises, and preferably consists essentiaily of:

from about 70% by weight up fo an amount just less than about 100% by
weight of HFC-1432 and

from about 30% by weight down to an amount ust mors r 0% by weight

R-1333,

: weight percentages are based on ihe lotal weighi of the compositio
il have a boiling point at atmospheric pressure (14.42 psia
e

“C.  Preferred compositions of this




[

{3

a3

[N~

Lt

[

i

WO 2008/022187 PCT/US2007/075992

invention ars those consisting essentially of about 75% 1o about 99% by weight of

HEC.1432 and from about 1% to about 25% by weight of R-133a and having a

at atmospheric pressure of about —48.5%2 “C. More preferred
jention are those consisting essentially of about 90% fo about

compositions of this inv
99% by weight of HFC-143a and from about 1% to about 10% by weight of R-133a

and having a boiling point at atmospheric pressure of about —46.522 °C,

10017 Because the normal boiling points of pure HFC-143a and R-133z at 1
atmosphere pressure are -47 °C and 8 °C, respectively, R-133a would be expected

to be removed as the residue, or boftoms product, in a distiliation of a HFC-143z

and R-133a mixture.

A further aspect of this invention is a process for removing 1-chloro-

10018}
2.2 2-triffucroethane (R-133a) émpz_s;ré’w from 2 mixture 1,1, 1-trifluorcethane (HFC-

H

143a) and R-133a impurity comprising forming an azectropic or azseimp@ik

composition of the HFC-143a and R-133a, as described herein befors, and

thereafter separating the azeolropic or azeotrope-ike compaosition from the mixture.

o019l As shown in Table 1, the binary azeotrope of azeoirope-ike mixiure

143a/1533a was discovered when the higher boiling point 133z (-6 °C) was added to

143a (-48.5 °Cj. The temperature of the mixture is lower than the boiling

temperature of either pure components. The azeofropic or azeoiropic-like

compositions of this mvention are illustrated i: but not limited '”{@, the foliowing

A

examples in Table 1 of
48,512 °C.
Table

s “m
a0
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Boiling point at

DWW R

- atmospheric

pressure “C
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98.04 .98 -47 7
9472 5.28 -47 .2
8923 10.77 -47.0
84 65 15,35 -48 8
80.75 19.25 -46.8
75.57 24.43 -45 1
71.73 28.27 -44 1
100201 Having described the invention in detall by reference to the preferred

embodiments and specific examples thereof, it will be apparent that modifications

and variations are possible without departing from the spirt and scope of the

s disclosure and claims.
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claim:

An azectropic or azeotropic-like composition comprising effective amounts of
1.4 1-trifluoroethane (HFC-143a) and 1-chicro-2,2 2-trifluorcethane (R-133a).
An azeotropic or azeotropic-iike composiiion according to claim 1, which
consists essentially of effective amounts of 1,1, 1-triflucroethane (HFC-143a)
and 4-chioro-2,2, 2-trifluoroethane (R-133a).

An azectropic or azeotropic-like composition according to claim 1 which
consisis essentially of:

from about 70% up to an amount just less than about 100% by weight of
HFC-143a, and

from about 20% by weight down fo an amount jusi more than 0% by weight ©
R-133a,

wherein the weight percentages are based on the total weight of the
composition.

An azeotropic or azeotropic-like composition accordi ﬁg to claim 1dwhich
consisis essentially ot

from about 78% o about 99.9% by weight of HFC-143a, and

from sbout 0.7 1o about 25% by weight of R-1332,

wherein the welght perceniages are based on the total weight of the
composition.

An azeotropic or azeolropic-like composition according to claim 1 which

from ebout 80% 1o sbout 88.9% by weigh of HFC-143a, and
from about 0.1 to about 10% by weigh of K-133a

oased on the tolal weight of the

(0

wherein the weignt perceniages ar

composition.
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An azeolropic or azectropic-like composition according to claim 1 which has 2

boiling point of about 46.5 £ 2 °C at an aimospheric pressure of about 14.42

psia.

An azeolroplc or azeoltropic-like composition according to claim 1 which has a

boiling point of about -46.6 °C io about ~47.2 °C at an atmospheric pressure

of about 14.42 psia.

An azeotropic or azeotropic-like composition according 1o claim 1 which has g
bolling point of about -46.8 °C to about —47.2 °C at an atmospheric pressure

of about 14.42 psia

An azeoctropic or azeotropic-like composiiion according o claim 1 which has 3

boiling point of about -47 °C {0 about -47.2 °C at an atmospheric pressure of

about 14.42 psia.

An azeotropic or azeotropic-like composition according 1o claim 1 which has a

oiling point of about —47.2 °C at an atmospheric pressure of about 14.42

psia.

in a process for producing 1,1, 1-triflucroethane (HFC-143a) by the reaction of

vinylidene chloride with HF, the improvement comprising purifying the 1,1,1-

trifiuorosthane (MFC-143a) by distilling off from the product of the reaction an
areotropic or azeotrope-like composition comprising effective amounis of

1,1, 1-triflucrogethane (HFC-1432) and 1-chloro-2,2,2-triflucroethane (R-133a

The process accoraing o ciaim 11 wherein the azeolropic or azeolrope- lke

from the product of the reaction consisis essentially of

affective amounts of 1.1, 1-iriflucroethane (HFC-1438) and 1-chiore-2,

e
-
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The process according fo claim 11 wherein the azeolropic or azeotrope-iike

composition distilled from the product of the reaction consists essentially of:
from about 70% by weight up to an amount just less than about 100% by
~143a, and from about 20% by weight down 1o an amount just

weight of R-133a, wherein the weight percentages are

weight of HFC
more than 0% %:%}f

pased on the fotal weight of the composiiion

The process according to claim 11 wherein the azeotropic or azeotrope-like

composition distilled from the product of the reaction consists essentially of:

from about 75% 1o about 99.9% by weight of HFC-1435, and from about 0.1
to about 25% by weight of R-133a, wherein the weight percentages are based

on the fotal weight of the compaosition.

The process according to claim 11 wherein the azeotropic or azeotrope-iike

composition distilled from the product of the reaction consisis essentially of

from about 80% to about 98.9% by weight of HFC-143a, and
from about 0.1 1o about 10% by weight of R-133a
wherein the weight perceniages zre based on the iolal weight of the

compaesition

The process according to claim 11 wherein the azeociropic or azectrope-like

composition distilled from the product of the reaction has a boiling point of

about 46.5 £ 2 °C at an aimospheric pressure of aboul 14.42 psia.

The process according o claim 11 wherein the azeotropic or azeotrope-like

composition distliled from the product of the reaction has a boiling point of
17,2 °C at an atmospheric pressure of about 14.42

o r O e i
ut -46.8 °C o about —47 2

ording o claim 11 wherein the azeoiropic or azeotrope-like
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composition distilled from the product of the reaction has a boiling point of

about -48.8 °C 1o about —47.2 °C at an atmospheric pressure of about 14,42

nsia.

5 18, The process according to claim 11 wherein the azeolropic or azectrope-like
composition distilled from the product of the reaction has a bolling point of

sbout -47 °C to about —47.2 °C at an atmospheric pressure of about 14 42

psia.

20. The process according fo claim 11 wherein the azeolropic or azeotrope-like

tilled from the product of the reaction has a boiling point of

fmd
<

composition dis
about —47.2 °C at an atmospheric pressure of about 14.42 psia

21. The process acco.fs’éng to claim 11 wherein the azeotropic or azectrope-like

composition distilled from the product of the reaction is recycled back to the

=2
831

reacior

22. A process for removing 1-chioro-2Z 2 Z-triflucroethane (R-133a) impurity from

a mixture 1,1, 1-triflucrosthane (HFC-143a) and R-133z impurity comprising

20 forming an azeotropic or azeotrope-like composition of the HFC-143a and R-
1332 and thereafter separating the azeotropic or azecstrope-like composition

from the mixture.

23 The process according 1o claim 22 wherein the separation is conducied by

distilistion.

[uN]
o

%’5‘%

24. The process according o claim 22 wherein the azeoctropic or azeotrope ik

composition consists essentially of effective amounts of 1,1, 1-{rifluoroethane
fiuo (H-1

(HF(C-143s) and ”3»2?350?@23,2 triffucrosthane (H-135a;.
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composition consists essentially of from about 70% by weight up fo an
amount just less than about 100% by weight of HFC-143a, and from about
0% by weight down to an amount just more than 0% by weight of R-133a,

wherein the weighi percentages are based on the tolal weight of the

composition.

The process according 1o claim 22 wherein the azeotropic or azecohope-like
composition consists essentially of from about 75% to about 99.9% by weight
of HFC-143a, and from about 0.1 to about 25% by weight of R-133a, whersin

the weight percentages are basad on the total weight of the composition.

The process according to claim 22 wherein the azeotropic or azeotrope-iike
compaosition consists essentially of from about 90% to about 98.9% by weight
of HFC-143a, and from about 0.1 1o about 10% by weight of R-133a, wherein

the weight percentages are based on the total weight of the composition.

The process according {o claim 22 wherein the azeoiropic or azectrope-like

composition has a boiling point of about 46.2 = 2 °C at an asimospheric

pressure of about 14.42 psia.

The process according to claim 22 wherein the azeotropic or azeolrope-like
composition has a boiling point of about -46.6 °C to about —47.2 °C at an

atmospheric pressure of about 14.42 psia.

The process according to claim Z2 wherein the azeolroplc or azeotrope-like
composition nas g bolling point of about -46.8 °C to about —47.2 °C at an

b dE

atrmospheric pressure of about 14.42 psia.

The process according to claim 22 wherein the azeolropic or azeotrope-ike
compositicn has a boiling point of about -47 °C {o about —47.2 °C at an

atmospheric pressure of about 14.42 psia.

-13.
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32. The process according fo claim 22 wherein the azeolropic or azeotrope-like

composition has a boiling point of about —47.2 °C at an atmospheric pressure

of about 14 .42 psia,

33 A process of distilling a composition comprising HFC-1432 and R133%a in a
distiliation column wherein, as a resuft of the distiliation, the R-133a
conceniration is higher al the top of the column is higher than the

concentration of R-133a in the composition at the botiom of the column.
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