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components, and which will provide a vapor composition essentlatly
" identical to the liquid compaosition undergoing boiling.
_ For the purpose of this discussion, near-azeotrope compaosition
. (also commonly referred to as an “azeofrope-like composition™) means a
composition that behaves like an azeotrope (i.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 fiquid composition,
if it changes at all, changes.only to a minimal or negligible extent. This is
to be contrasted with non-azeotrope compositions in which during boiling
or evaporation, the liquid composition changes to a substantial degree.
Additiona[ly, near-azeotro'pxe compositions exhibit dew point
pressure and bubble point pressure with'vir'tualiy no pressure differential.
That is to say that the difference in the dew point pressure and bubble
point pressure at a given temperature will be a small value. It may be
stated that compositions with a difference in dew point pressure and
bubbie point pressure of less than,‘or equal to 3 percent (based upon the
bubble point pressure) may be considered to be a near-azeotrope.
Accordingly, the essential features of an azeotrope or a near-
azeotrope 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 essentlally that of the boiling liquid composition (i.e.,
no fractionation of the components of the liquid compos:tlon fakes place)
it is also recognlzed in the art that both the boiling point and the weight
percentages of each component of the azeotrope composition may
change when the azeotrope or near-azeotrope liquid composition is
subjected to boiling at different pressures. Thus, an azeotrope or a near-
azeotrope composition may be defined in terms of the unigue relationship
that exists among the 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 pointat a
specified pressure. It is also recognized in the art that various azeofrope
compositions (including their boiling points at particularrpreé.sures) may be
calculated (see, e.g., W. Schotte Ind. Eng. Chem. Process Des. Dev.
(1980) 19, 432-439). Experimental identification of azeotrope
compositions involving the same components may be used to confirm the
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accuracy of such calculations and/or to madify the calcufations at the .
-same or other temperatures and pressures.

Compositions may be formed that comprise azeofrope
combinations of hydrogen fluoride with Z-HFC-1429. These include
compositions comprising from about 67.4 mole percent to about 88.6 mole
percent HF and from about 32.6 mole percent to about 11.4 mole percent
Z-HFC-1428 (which forms an azeotrope boiling at a temperature from
between about —20 °C and about 100 °C and at a pressure from between
about 4.1 psi (28.3 kPa) and about 285 psi (1965 kPa)).

Additionally, near-azeotrope compositions containing HF and
Z-HFC-1429 may also be formed. Such near-azeotrope compositions
comprise about 10.3 mole percent to about 35.2 mole percent Z-HFC-
1429 and about 89.7 mole percent to about 64.8 mole percent HF af
temperatures ranging from about —20 °C to about 100 °C and at pressures
from about 4.1 psi (28.3 kPa) to about 285 psi (1965 kPa).

Compositions may also be formed that comprise azeotrope
combinations of hydrogen fluoride with HFC-43-10mee. These include
compositions comprising from about 81.8 mole percent to about 87.3 mole
percent HF and from about 18.2 mole percent to about 2.7 mole percent
HFC-43-10mee (which forms an azeotrope boiling at a temperature from
between about -20 °C and about 100 °C and at a pressure from between
about 3.0 psi (20.7 kPa) and about 198 psi (1365 kPPa)).

Additionally, near-azeotrope compositions containing HF and
HFC-43-10mee may be formed as well. Such near-azeotrope -
compositions comprise about 2.6 mole percent to.about 20.1 mole percent
HFC-43-10mee and about 97.4 mole percent to about 79.9 mole percent
HF at temperatures ranging from about —20 °C to about 100 °C and at
pressures from about 3.0 'psi (20.7 kPa) and about 198 psi (1365 kPa).

It should be understood that while an azeotrope or near-
azeotrope composition may exist af a particular ratio of the components at
given temperatures and pressures, the azeotrope composition may also
exist in composmons containing other components.

Compositions may be formed that consist essentially of
azeofrope combinations of hydrogen fluoride with Z-HFC-1429. These
include compositions consisting essentially of from about 67.4 mole
percent to about 88.8 mole percent HF and from about 32.6 mole percent
to about 11.4 mole percent Z-HFC-1429 (which forms an azeotrope boiling
at a temperature from between about 20 °C and about 100 °C and at a



20 2:07 28.1 59.9 1.30 1.00 7.35 0.33 250 40 2.14
28.9 60.2 1.35 0.90 6.25 0.32 EXAMPLE 2 Phase
St udi es of m xtures of HF and Z- HFC- 1429 A

hase study was perfornmed for a conposition
“ngQT’%???iﬁg essentially of Z-HFC-1429 and HF, PGIRER[eR42773

we PERUEL T B Pe T ehpusg-p s 70wy BB sl P e 005
dakBRaJ)r om t he phase studies, azeotrope conpositions

at other t ﬁg’gﬁéféd#o%ead%?rmysﬁ%%r 89 Be f5iRied that consist

of CEsBRIEHLAU ARG DalScRATapdd 20ak Fop s RBESR FHIS-

f 048 and chbdutH#¥C7 161 petcenptecaliout 84 iBempler prrcerd $iFaatd

?L%Zﬁﬂérﬁﬁjres{ ranging fromE%%FLfd o o algmﬁﬁ%s’ﬁr snd ﬁsﬂressures
from about 4.1 psi (28.3 kPa) to about 285 psi (1965 kPa). '

oA atmospheric pressure, the boiling points of hydrofluoric acid

and Z-HFC-1429 are about 19.5 °C and 29 °C, respectively. The relative '
volatility at 24 psi (165 kPa) and 20 °C of HF and Z-HFC-1429 was found
to be nearly 1.0 as 82.0 mole percent HF and 18.0 mole percent Z-HFC-
1429 was approached. The relative volatility at 124 psi (855 kPa) and 70
°C was found to be nearly 1.0 as 73.4 mole percent HF and 26.6 mole
percent Z-HFC-1429 was approached. These data indicate that the use of
conventional distillation procedures will not result in the separation of a
substantially pure compound because of the low value of relative volatility
of the compounds. '

To determine the relative volatility of HF with Z-HFC-1429, the
so-called PTx Method was used. In this procedure, the total absolute
pressure in a cell of known volume is measured at a constant temperatui"e

. for various known binary compositions. Use of the PTx Method is
described in greater detail in “Phase Equilibrium in Process Design”,
Wiley-Interscience Publisher, 1970, written by Harold R. Null, on pages
124 to 126, the entire disclosure of which is hereby incorporated by |
reference. Samples of the vapor and liquid, or vapor and each of the two

. liquid phases under those conditions where two liquid phases exist, were
obtained and analyzed to verify their respective compositions,

These measurements can be reduced to equilibrium vapor and
liguid compositions in the cell by an activity coeflicient equation model,
such as the Non-Random, Two-Liguid (NRTL) equation, to represent liquid
phase non-idealities. Use of an activity coefficient equation, such as the
NRTL equation, is described in greater detail in “The Properiies of Gases
and Liquids”, 4" Edition, publisher McGraw Hill, written by Reid, Praushitz
and Poling, on pages 241 to 387; and in “Phase Equilibria in Chemical
Engineering”, published by Butterworth Publishers, 1985, written by
Stanley M. Walas, pages 165 fo 244; the entire disclosure of each of the
previously identified references are hereby incorporated by reference.
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Without wishing to be bound by any theory or explanation, it is
believed that the NRTL equation can sufficiently predict whether or not
mixtures of HF and Z-HFC-1429 behave in an ideal manner, and can
sufficiently predict the relative volatilities of the components in such
mixtures. Thus, the relative volatility becomes nearly 1.0 as 18.0 mole
percent Z-HFC-1429 was approached af 20 °C. This would make it
impossible to separate Z-HFC-1428 from HF by conventional distiliation -
from such a mixture. Where the relative volatility approaches 1.0 defines
the system as forming a near-azeotrope or azeofrope composition.

It has been found that azeotropes of Z-HFC-1429 and HF are
formed at a variety of temperatures and pressures. Azeotrope
compositions may be formed between 4.1 psi (28.3 kPa) (at a temperature
of ~25 °C) and about 285 psi (1965 kPa) (at a temperature of 100 °C) said
compositions consisting essentially of Z-HFC-1429 and HF range from
about 67.4 mole percent HF (and 32.6 mole percent Z-HFC-1429) to about
88.6 mole percent HF (and 11.4 mole percent Z-HFC-1428). An
azeofrope of HF and Z-HFC-1 429 has been found at 20 °C and 24.1 psi -
(166 kPa) consisting essentially of about 82.0 mole percent HF and about
18.0 mole pe-rcent'Z-HFC~1429. An azeotrope of HF and Z-HFC-1429 has
also been found at 70 °C and 124 psi (855 kPa) consisting essentially of
about 73.4 mole percent HF and about 26.6 mole percent Z-HFC-1429.
Based upon the above findings, azeotrope compositions at other
temperatures and pressures may be calculated. It has been calculated
that an azeotrope composition of about 88.6 mole percent HF and about

- 11.4 mole percent Z-HFC-1429 can be formed at —20 °C and 4.1 psi (28.3
kPa) and an azeotrope composition of about 67.4 mole percent HF and
about 32.6 mole percent Z-HFC-1429 can be formed at 100 °C and 285
psi (1965 kPa). Accordingly, one aspect provides an azeotrope
composition consisting essentially of from about 67.4 mole percent to
about 88.6 mole percent HF and from about 32.6 mole percent to about
11.4 mole percent Z-HFC-1429, said composition having a boiling point of
about ~20 °C at 4.1 psi (28.3 kPa) to about 100 °C at 285 psi (1965 kPa).

it has also been found that azeotrope or near-azeotrope
compositions may be formed between about 3.0 psi (20.7 kPa).to about
198 psi (1365 kPa) at temperatures ranging from about —20 °C fo about
100 °C, said compositions consisting essentially of about 2.7 mole percent
to about 18.2 mole percent HFC-43-10mee and about 87.3 mole percent
to about 81.8 mole percent HF.
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m(_.‘.o_mpositions may be formed that consist essentially of
azeotrope combinations of hydrogen fluaride with HFC-43-10mee. These
include compositions consisting essentially of from about 87.3 mole
percent to about 81.8 mole percent HF and from about 2.7 mole percent to
about 18.2 mote percent HFC-43-10mee (which forms an azeotrope
hoiling at a temperature from between about ~20 °C and about 100 °C and
at a pressure from between about 3.0 pss (20.7 kPa) to about 198 psi |
(1365 kPa)).

Near-azeotrope compos;tlons may also be formed that consist
essentially of about 2.6 mole percent to about 20.1 mole percent HFC-43-
10mee and about 97.4 mole percent to about 79.9 mole percent HF at
temperatures ranging from about ~20 °C to about 100 °C and at pressures
from about 3.0 psi (20.7 kPa) to about 198 psi (1365 kPa). - |

At atmospheric pressure, the boiling points of hydrofluoric acid
and HFC-43-10mee are about 19.5 °C and 55 °C, respectively. The
relative volatility at 25 psi (172 kPa) and 30 °C of HF and HFC-43-10mee
was found to be nearly 1.0 as 91.9 mole percent HF and 8.1 mole percent
HFC-43-10mee was approached. The relative volatility at 117 psi (807
kPa) and 80 °C was found to be nearly 1.0 as 84.8 mole percent HF and
15.2 mole percent HFC-43-10mee was approached. These data indicate
that the use of conventional distillation procedures will not result in the
separation of a substantially pure compound because of the low value of
relative volatility of the compounds.

The “Pix Method” was also used to determine the re!atwe
volatility of HF with HFC-43-10mee. These measurements were then
reduced fo equilibrium vapor and liquid compositions in the cell by an
activity coefficient equation model, the Non-Random, Two-Liquid (NRTL)
eqguation was also used in this case, to represént liguid phase non-
idealities.

Without wishing to be bound by any theory or explanation, it is
believed that the NRTL equation can sufficiently predict whether or not
mixtures of HF and HFC-43-10mee behave in an ideal manner, and can
sufficiently predict the relative volatilities of the components in such
mixtures. It has been found that the relative volatility becomes nearly 1.0
as 8.1 mole percent HFC-43-10mee was approachéd at 30 °C. This
would make it impossible to separate HFC-43-10mee from HF by
conventional distillation from such a mixture. Where the relative volatility
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compositions consisting essentially of HFC-43-10mee and HF ranging
from about 97.3 mole percent HF (and 2.7 mole percent HFC-43-10mee)
to about 81.8 mole percent HF (and 18.2 mole percent HFC-43-10mee).
An azeotrope of HF and HFC-43-10mee has been found at 30 °C and 25
psi (172 kPa) consisting essentially of about 91.9 mole percent HF and
about 8.1 mole percent HFC-43-10mee. An azeotrope of HF and HFC-43-
10mee has also been found at 79.8 °C and 117 psi (807 kPa) consisting
essentially of about 84.8 mole percent HF and about 15.2 mole percent
HFC-43-10mee. Based upon the above findings, azeotrope compositions
at other temperatures and pressures may be calculated. It has been
calculated that an azeotrope composition of about 97.3 mole percent HF
and about 2.7 mole percent HFC-43-10mee can be formed at -20 °C and
3.0 psi’l (20.7 kPa) and an azeotrope composition of about 81.8 mole
percent HF and about 18.2 mole percent HFC-43-10mee can be formed at
100 °C and 198 psi (1365 kPa). Accordingly, one aspect provides an
azeotrope composition consisting essentially of from about 81:8 mole
percent to about 97.3 mole percent HF and from about 18.2 male percent
to about 2.7 mole percent HFC-43-10mee, said composition having a
boiling point of about —20 °C at 3 psi (20.7 kPa) to about 100 °C at 198 psi
{1365 kPa).

It has also been found that azeotrope or near-azeofrope
compositions may be formed between about 3.0 psi (20.7 kPa) to about
198 psi (1365 kPa) at temperafures ranging from about ~20 °C to about
100 °C, said compositions consisting essentially of about 2.6 mole percent
to about 20.1 mole percent HFC-43-10mee and about 97.4 mole percent
to about 79.9 mole percent HF.

The HF/Z-HFC-1429 azeotrope and near-azeotrope
compositions and the HF/HFC-43-10mee azeotrope and near-azeotrope
compositions are useful in processes to produce Z-HFC-1428, in
processes to purify Z-HFC-1429, and in processes to purify HFC-43-
10mee. In fact, the HF/Z-HFC-1429 azeotrope and near-azeotrope
compositions may be useful in any process that creates a composition

10
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Z—HFC—1429 by vapor phase dehydroﬁuormatlon A two-column
azeotropic distillation may then be carried out to separate the co-produced
HF from the desired Z-HFC-1429 product. And another two-column
azeotropic distillation may be carried out fo separate HF from HFC-43-
10mee.. HF may be removed from the halogenated hydrocarbon
components of the product mixture using, for example, standard aqueous
"éoiution scrubbing techniques. However, the production of substantial

. arhou_nt_s of scrubbing discharge can create aquéoijs waste'disposal '
concerns. Thus, there remains a need for 'processes utilizing HF from
such product mixtures.

While the initial mixture treated in accordance with the
processes disciosed herein can be obtained from a variety of sources,
including by adding Z-HFC-1429 to HF-containing compositions, an
advantageous use of the present processes resides in treating the effluent
mixtures from the preparation of Z-HFC-1429.

‘ Z-HFC-1428 may be prepared by the vapor phase
dehydrofluorination of HFC-43-10mee by processes known in the art, such
as those described in U.S. Patent No. 5,268,122, incorporated herein by
reference. | i _ |

_ A further aspeét provides a process for the separation of Z-
HFC-1429 from HFC-43-10mee comprising: a) forming a mixture of Z-
HFC-1429, HFC-43-10mee, and hydrogen fluoride; and b} subjecting said
mixture to a distillation step from which is formed a column distillate
composition comprising an azeotrope or near-azeotrope composition of
HF and Z-HFC-1429 essentially free of HFC-43-1 Omee.

As described herein, by “essentially free of HFC-43-10mee” is
meant that the composition contains less than about 100 ppm (mole
basis), preferably less than about 10 ppm and most preferably less than
about 1 ppm, of HFC-43-10mee.

This azeotropic distillation takes advantage of the low boiling
azeotrope composition formed by Z-HFC-1429 and HF. The azeotrope
composition boils at a temperature lower than the bolling point of either
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pure component and lower than the boiling point of HFC-43-10mee as
well.

As stated previously, the mixture of Z-HFC-1428, HFC-43-
10mee and HF méy be formed by any practical means. Generally, the
present process is particularly useful for the separation of Z-HFC-1429
from the reaction mixture produced by the dehydrofluorination of HFC-43-
10mee. HF is a co-product formed in this dehydrofluorination reaction.
The reaction mixture produced may then be treated by the instant process
to remove HFC-43-10mee. The Z-HFC-1429 is taken overhead as the
distillate from the distillation column as an azeotrope or near—azeotrope
composition of Z-HFC-1428 with HF. The HFC-43-10mee is taken out of
the bottom of the column as a bottoms composition and may contain some
amount of Z-HFC-1429, as well. The amount of Z-HFG-1429 in the HFC-
43-10mee from the bottom of the distillation column may vary from about
45 mole percent to about 1 part per million (ppm, mole basis) depending
on the manner in which the dehydrofluorination reaction is conducted. '

The column boftoms. composition comprising HFC-43-10mee
and Z-HFC-1429 may be distilled using, for example, standard distillation
techniques to separate the two components. However, it is preferred that
the azeotropic distillation be conducted in such a manner as to produce a
column bottoms composition comprising HFC-43-10mee essentially free of
Z-HFC-1429.

In one embodiment, operating the present aieotropic distillation
involves modifying the distillation parameters to send not only the Z-HFC-
1429/HF azeotrope overhead, but also send any excess Z-HFC-1429
overhead as well (this wouid be Z-HFC-1429 above the azeotrope
concentration). If the appropriate conditions are utilized, then all the Z-
HFC-1429 will go overhead with the HF. Thus, the HFC-43-10mee
removed from the column bottoms will be essentially free of Z-HFC-1429.

As described herein, by “essentially free of Z-HFC-1429" is
meant that the composition contains less than about 100 ppm (mole
basis), preferably less than about 10 ppm and most preferably less than
about 1 ppm, of Z-HFC-1429.

In the distillation step, the distillate exiting the distillation
column overhead comprising HF and Z-HFC-1429 may be condensed
using, for example, standard reflux condensers. At least a portion of this
condensed stream may be returned to the top of the column as reflux.
The ratio of the condensed material, which is returned to the top of the
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distillation column as reflux, o the material removed as distillate is
commonly referred to as the reflux ratio. The specific conditions which
may be used for practicing the distillation step depend upon a number of
parameters, such as the diameter of the distillation column, feed points;
and the number of separation stages in the column, among others. The
operating pressure of the distillation column may range from about 10 psi
pressure to about 200 psi (1380 kPa), normally about 15 psi (103 kPa) to
about 50 psi (345 kPa). The distillation cotumn is typically operatedat a |
pressure of about 20 psi (138 kPa) with a bottoms temperature from about
45°C to about 70 °C and a tops temperature from about 15 °C fo about 40
°C. Nommally, increasing the reflux rafio results in increased distillate
stream purity, but generally the reflux ratio ranges between 0.2/1 to 100/1.
The temperature of the condehser, which is located adjacent to the top of
the'column, is nofmally sufficient to substantially' fully condense the
distillate that is exiting from the top of the column, or is that temperature
required to achieve the desired reflux ratio by partial condensation.

The column distillate composition comprising an azeotrope or
near-azeotrope composition of HF and Z-HFC-1429, essentially free of
HFC-43-10mee, may be treated to remove the HF and provide pure Z-
HFC-1429 as product. This may be accomplished, for example, by
neutralization or by a second distillation process, as described herein.

A further aspect provides a process for the separation of Z-
HFC-1429 from a mixture comprising an azeotrope or near-azeotrope
composition of Z-HFC-1429 and HF, said process comprising: a)
subjecting said mixture to a first distillation step in which a composition
enriched in either (i) hydrogen fluoride or (i) Z-HFC-1428 is removed as a .
first distiflate composition with a first bottoms composition being enriched
in the other of said components (i) or (ii); and b) subjecting said first
distillate composition to a second distillation step conducted at a different
pressure than the first distillation step in which the component &nriched as
first bottors composition in (a) is removed in a second distillate
composition with the bottoms composition enriched in the same
component which was enriched in the first distillation composition.

' The process as described above takes advantage of the
change in azeotrope composition at different pressures to effectuate the
separation of Z-HFC-1429 and HF. The first distiltation stép may be
carried out at high pressure relative 1o the second distillation step. At
higher pressures, the HF/Z-HFC-1428 azeotrope contains higherkievels of
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e L
H[:gzqqiromﬂ@fts to lower concentrations of Z-HFC-1429. Therefore in this
second distillation step, there exists an excess of Z-HFC-1429. The
excess Z-HFC-1429, having a boiling point higher than the azeotrope,
exits the second distillation column as the bottoms composition.
Alternatively, the first distillation step may be carried out at low
pressure relative to the second distillation step. At lower pressures, the
HF/Z-HFC-1429 azeotrope contains higher levels of HF. Thus, this low-
pressure distillation step produces an excess of Z-HFC-1429, which
boiling at a higher temperature than the azeoirope, will exit the column as
the bottoms as pure Z-HFC-1429. The first column distillate is then fed to
a second distillation step operating at higher pressure. At the higher
pressure, the HF/Z-HFC-1429 azeotrope shifts to lower concentrations of
hydrogen fiuoride. Therefore, in this second distillation step there exists
an excess of hydrogen fluoride. The excess hydrogen fluoride will exit the
- second distillation column as the bottoms composition.
The endothermic dehydroflucrination reaction of HFC-43-
10mee to produce Z-HFC-1429 may be accomplished, for example, in a
tubular reactor with catalyst in the tubes and with a heating medium on the
. sheliside of the reactor. Alternatively, a heat carrier may be used to permit
‘adiabatic operation. Either pure HFC-43-10mee or pure Z-HFC-1429,
both being produced by the distillation processes described herein, may
be recycled back to the reactor to serve as heat carrier. HFC-43-10mee
would be a preferred heat carrier, as infroduction of Z-HFC-1429 to the
dehydrofiuorination reactor will result in a reduction in s:ngle—pass '
conversion of HFC-43-10mee.
in both the first and second distillation steps the dlstlllate
exiting the distillation column overhead comprising HF and Z-HFC-1429
may be condensed using, for example, standard reflux condensers. At
least a portion of this condensed stream may be returned to the top of the
column as reflux. The ratio of the condensed material, which is returmned
to the top of the distiliation column as reﬂux {o the material removed as
distillate is commeonly referred to as the reflux ratio. The specific
conditions which may be used for practicing the distillation steps depend
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upon a number of parameters, such as the diameter of the distillation
column, feed points, and the number of separation stages in the column,
,among‘ others. The operating pressure of the high p"ressure distillation
column (whether high pressure is the first distilation column or the second
distiliation column) may range from about 50 psi (345 kPa) pressure to
about 300 psi (2068 kPa), normally about 100 psi (690 kPa) to about 250
psi (1724 kPa). The high pressure distiliation column is typically operated
at a pressure of about 225 psi (1551 kPa) with a bottoms temperature of

" about 117 °C and a tops temperature of about 92 °C. Normally, increasing
the reflux ratio results in increased distillate stream purity, but generally
the reflux ratio ranges between 0.1/1 to 100/1. The temperature of the
condenser, which is located adjacent fo the top of the colrumn, is normally
sufficient to substantially fully condense the distillate that is exiting from

" the top of the column, oris that temperature required to achieve the
desired reflux ratio by partial condensation. ‘

The operaﬁng pressure of the low pressure distillation column
{(whether low pressure is the first distillation column or the second ‘
distillation column) may range from about 5 psi (34 kPa) pressure to about
50 psi (345 kPa), normally about 10 psi (69 kPa) to about 25 psi (1'72
kPa). The low pressure distillation column is typically operated ata -
pressure of about 20 psi (138 kPa) with a bottoms temperature of about 40
°C and a tops temperature of about 15 °C. Normally, increasing the reflux
ratio results in increased distiliate stream purity, but generally the reflux
ratio ranges between 0.1/1 fo 50/1. The temperature of the condenser,
which is located adjacent to the top of the column, is normally sufficient to
substantially fully condense the distillate that is exiting from the top of the
column, or is that temperature required to achieve the desired refiux ratio
by partial condensation. '

Figure 1 is illustrative of one embodiment for practicing the
present two-column distillation process for the separation of Z-HFC-1429
and HF. Referring to Figure 1, a feed mixture derived from a prior’
azeotropic distillation comprising HF and Z-HFC-1429, wherein the molar
ratio of HF:Z-HFC-1429 is about 4.0:1 (or higher), is passed through line
(540) to a multiple stage distillation column (510), operating af a
temperature of about 80 °C and a pressure of about 225 psi (1550 kPa).
The bottoms of the distillation column (510), containing essentially pure
hydrogen fluoride at a temperature of about 118 °C and a pressure of
about 227 psi (1565 kPa) is removed from the bottom of column (510)
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20.1 EXAMPLE 6 Azeotropic distillation for

separation of Z-HFC 1429 from HFC-43- 10nee

A m xture of HF, Z-HFC 1429, and HFC 43-10nee is fed

to a distillation colum for the purpose of

WRAPTIBEE on of Z-HFC- 1429. The data in Tabl BBUREIA277
obt ai ned by cal cul ati on using neasured and cal cul at ed
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8Zefnovéd fifpm he-top 2R colubnh. (B16) asd serd thoagh {(ke&)70) to a
mdltiple’ stage distiltation column (520). The disfillate from column (520),
containing the HF/Z-HFC-1429 azeofrope (molar ratio is about4.7:1) ata
temperature of about 15 °C and a pressure of about 20 psi (138 kPa), is
removed from column (520) through fine (585) and is recycled back fo
column (510). The bottoms of column (520) coniaining essentially pure
HF at a temperature of about 40 °C and a pressure of about 22 psi (152
kPa) is removed through line (586). |
) ~In another erhbodiment, the pressures of the columns are
reversed. ‘Again referring to Figure 1, feed mixture derived from a prior
azeotropic distillation comprising HF and Z-HFC-~1429, wherein the molar
ratio of HF:Z-HFC-1429 is about 1.4:1 (or lower), is passed through line
(540) to a multiple stage distillation column (510), operating at 2
temperature of about 15 °C and a pressure of about 20 psi (138 kPa). The
bottoms of the distillation column (510), containing essentially pure Z-.
HFC-1429 at a temperature of about 40 °C and a pressure of about 22 psi
(152 kPa) is removed from the bottom of column (510) through line (5686). '
The distillate from column (510), containing the HF/Z-HFC-1429 azeotrope
* (HF:Z-HFC-1429 molar ratio is about 4.7:1) ata temperature of about 15
°C and a pressure of about 20 psi (138 kPa) is removed from the fop of
column (510) and sent through line (570) fo a multiple stage distillation
column (520). The distillate from column (520), containing the HF/Z-HFC-
1429 azeotrope (molar ratic is about 2.3:1) at a temperature of about 92
°C and a pressure of about 225 psi (1550 kPa), is removed fram column
(520) through line {(585) and is recycled back fo column (510). The
bottoms of column (520) containing essentially pure HF at a temperature
of about 118 °C and a pressure of about 227 psi (1565 kPa) is removed
through line (586). :
| A further aspect provides a process for the separation of HFC-
43-10mee from a mixiure comprising an azeotrope or near-azeotrope
composition of HFC-43-10mee and hydrogen fluoride, said process
comprising: a) subjecting said mixture to a first distillation step in which a
composition enriched in either (i) hydrogen flucride or (ii)_HFC—43—1 Omee
is removed as a first distillate composition with a first bottoms composition
being enriched in the other of said components (i) or (ii); and
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-- 19.7 (136) EXAMPLE 7 Anotropic distillation for
separation of Z-HFC 1429 from HFC-43- 10t nee
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Similar to the previously described two-column azeotropic
distillation, for both the first and second distillation steps, the distillate
exiting the distillation column overhead comprising HF and HFC-43-10mee
may be condensed using, for example, standard refiux condensers. At
least a portion of this condensed stream may be returned to the top of the
column as reflux. The ratio of the condensed material, which is retumed

‘tothe top of the distillation column as reflux, to the material removed as
distillate is commonly referred to as the reflux ratio. The specific
conditions which may be used for practicing the distillation step depend
upon a number of parameters, such as the diameter of the distillation
column, feed points, and the number of separation stages in the column,
among others. The "operating pressure of the high pressure distillation
column (whether high pressure is the first distiliation column or the second
 distillation column) may range from about 50 psi' (345 kPa) pressure to
about 200 psi (1380 kPa), normally about 100 psi (70 kPa) {o about 200
psi (1380 kPa). The high pressure distillation columh is typically operated
at a pressure of about 185 psi (1276 kPa) with a bottoms temperature of
about 109 °C and a tops temperature of about 88 °C. Normally, increasing
the reflux ratio results in increased distillate stream purity, but generally
the reflux ratio ranges between 0.1/1 o 50/1. The temperature of the
condenser, which is located adjacent to the top of the column, is normally
sufficient to substantially fully condense the distillate that is exiting from
“the top of the column, or is that temperature required to achieve the

desired reflux ratio by partial condensation.

The operating pressure of the low pressure distillation column
(whether low pressure is the first distillation column or the second
distillation column) may range from about 10 psi (69 kPa) pressure fo
about 100 psi (689 kPa), normally about 15 psi (103 kPa) to about 50 psi
(345 kPa). The low pressure distillation column is typically operated at a
pressure of about 20 psi (138 kPa) with a bottoms temperature of about 66
°C and a tops temperature of about 24 °C. Normally, increasing the reflux
ratio results in increased distillate stream purity, but generally the reflux
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Figure 1 is also illustrative of one embodiment for practicing the
present two-column distillation process for separation of HFC-43-10mee
and HF. Referring to Figure 1, a feed mixture comprising an azeotrope or
near-azeotrope composition of HFC-43-10mee and HF, wherein the molar
ratio of HF;HFC-43-10mee is about 0.53:1 (or lower), is passed through
line (540) to a multiple stage distiliation column (510), operating at a
temperéfure of about 24 °C and a pressure of about 20 psi (138 kPa). The
bottoms of the distillation column (510), containing essentially pure HFC-

- 43-10mee at a temperature of about 66 °C and a pressure of about 22 psi
(152 kPa) is removed from the bottom of column (510) through line (566).
The distillate from column (510), containing the HF/HFC-43-10mee
azeotrope (HF:HFC-43-10mee molar ratio is about 12.4:1) ata
temperature of about 24 °C and a pressure of about 20 psi (138 kPa) is
removed from the top of column (510) and sent through fine (570) to a
multiple stage distillation column (520). The distillate from column (520),
containing the HF/HFC-43-10mee azeotrope (molar ratio is about 4.9:1) at

‘a temperature of about 98 °C and a pressure of about 185 psi (1276 kPa),
is removed from column (520) through line (685) and is recycled back to
column (510). The bottoms of column (520) containing essentially pure
hydrogen fluoride at a temperature of about 109 °C and a pressure of
about 187 psi (1289 kPa) is removed through line (586).

In another embodiment, the pressures of the columns are
reversed. Again referring to Figure 1, a feed mixture comprising an
azeofrope or near-azeotrope composition of HFC-43-10mee and HF,
wherein the molar ratio of HF:HFC-43-10mee is about 5.1:1 (or higher), is
passed through line (540) to a mulfiple stage distillation column (510),
operating at a temperature of about 97 °C and a pressure of about 185 psi

(1276 kPa). The bottoms of the distillation column (510), containing
essentially pure hydrogen flucride at a temperature of about 109 °C and a
pressure of about 187 psi (1289 kPa) is removed from the bottom of
column (510) through line (566). The distillate from column (510),
containing the HF/HFC-43-10mee ézeotrope (HF:HFC-43-10mee molar
ratio is about 4.9:1) at a temperature of about 98 °C and a pressure of
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about 185 psi (1276 kPa) is removed from the top of column (510} and
sent through line (570) toa multiple stage distillation column (520). The
distillate from column (520), containing the HF/HFC-43-10mee azeotrope
(molar ratio is about 12.3:1) af a temperature of about 24 °C and a
pressure of about 20 psi (138 kPa), is removed from column (520) through
fine (585) and is recycled back to coltmn (510). The bottoms of column
(520) containing essentially pure HFC-43-10mee at a temperature of

- about 66 °C and a pressure of about 22 psi (152 kPa) is removed through

line (586). S | '

A further aspect provides a process for the purification of Z-
HFC-1429 from a mixture of Z-HFC-1429, HFC-43-10mee, and HF, said
process comprising: a) subjecting said mixture to a first distillation step to
form a first distillate comprising an azeotrope or near-azeolrope ‘
composition containing Z-HFC-1428 and HF and a first bottoms
comprising HFC-43-10mee; b) subjecting said first distillate to a second
distiltation step from which a composition enriched in either (i) hydrogen
fluoride or (i) HFC-43-10mee is removed as a second distillate
composition with a second bottoms composition being enriched in the
other of said components (i) or (ii); and ¢) subjecting said second distillate

“composition to a third distillation step conducted at a different pressure -
than the second distillation step in which the component enriched in the
second bottoms composition in {b) is removed in a third distitlate
composition with a third bottoms composition enriched in the same
componént that was enriched in the second distillate composition.

A further aspect provides a process to produce Z-HFC-1429
comprising: a) feeding HFC-43-10mee to a reaction zone for
dehydrofluorination to form a reaction product composition comprising Z-
HFC-1429, unreacted HFC-43-10mee and hydrogen fluoride; b} subjecting
said reaction product composition fo a first distillation step to form a first
distillate composition comprising an azeotrope or near-azeotrope
composition containing Z-HFG-1429 and HF and a first bottoms
composition comprising HFC-43-10mee; ¢) subjecting said first distillate
composition to a second distillation step from which a composition
enriched in either (i) hydrogen fluoride or (ii} HFC-43-10mee is removed
as a second distillate composition with a second bottoms composition
being enriched in the other of said components (i} or (ii); and d) subjecting
said second distillate composition to a third distillation step conducted at a
different pressure than the second distillation step in which the component
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;?ortlon of said first bottoms compasition to said reaction zone. Optionally,
the process may further comprise recycling at least some portion of said
second boitoms composition or said third botfoms composition to said
reaction zone. Opition'aily, the process fhay further comprise recycling at
least some portion of said second hottoms composition or said third
bottoms composition to said first distillation step. Optionatlly, the process
may further comprise recovering at least some portion of said second
bottoms composition or third botioms composition as Z-HFC-1429
essentially free of HFC-43-10mee and HF. S

As described herein, by “essentially free of HFC-43-10mee and
HF” is meant that the composition contains less than about 100 ppm (mole
basis), preferably less than about 10 ppm and most preferably less than
about 1 ppm, of each of HFC-43-10mee and HF.

The reaction zone for the dehydrofluorination may comprise a
flow reactor preferably containing a fixed bed of dehydrofiuorination
catalyst. The process equipment for all the processes disclosed herein
and the associated feed fines, effluent lines and associated units may be
constructed of materials resistant to hydrogen fluoride. Typical materials
of construction, well-known to the art, include stainless steels, in particular
of the austenitic type, and the well-known high nickel alloys such as ,
Monel® nickel-copper alloys, Hastelloy® nicke! based alloys and Inconel®
nickel-chromium alioys.

Figure 2 is illustrative of one embodiment for practicing the
p}resent process for production of Z-HFC-1429. HFC-43-10mee is fed
through line (360) to reactor (320). The reactor effluent mixture
comprising HF, HFC-43-10mee and Z-HFC-1429, exits the reactor through
line (450) and is fed to a multiple stage distilfation column (410). The
bottoms of distillation column (410), containing essentially pure HFC-43-
10mee is removed from the bottom of column (410) through line (466) and
may be recycled back fo the reactor. The distillate from column (410),
containing the HF/Z-HFC-1429 azeotrope is removed from the top of
column (410} and is sent through line (540) to a second multiple stage
distiliation column (510). The bottoms from column (510), which is
essentially pure Z-HFC-1429, is removed from column (610) through line
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(566) and may be recycled back to the reactor (320) as a heat carrier. The
distillate from column (510), containing the HF/Z-HFC-1429 azeotrope, is
fed through line (570) o a third multiplé stage distillation column (520).
The distillate from column {520} comprising HF/Z-HFC-1428 is removed
through line (585) and may be recycled to the second distillation column
(510). The boitoms composition from column (520) is essentially pure HF

~and is removed from column (520) through line (586). The essentially
pure HF product from this process may be used in any manner
appropnate such as feeding to a fluorination reactor for production of a
fluorochemical compound, or may be neutralized for disposal.
- While not illustrated in the figures, it is understood that certain
pieces of process equment may be used in the processes described
herein, for optimization. - For instance, pumps, heaters or coolers may be
used where appropriate. As an example, it is desirable to have the feed to
a distillation column at the same temperature as the point in the column
that it is fed. Therefore, heating or coohng of the process stream may be
necessary to match the temperature _ )

Without further elaboration, it is beheved that one skilled in the

art can, using the description herein, utilize the disclosed compositions
and processes to their fullest extent. The followmg exemplary
embodiments are, therefore, to be construed as merely illustrative, and do
not constrain the remainder of the disclosure in any way whatsoever.

EXAMPLES

EXANMPLE 1
Dehvydrofiuorination of HFC-43-10mee to HFC-1492mzy and HFC-
1429myz over carbonaceous catalyst

To a Hastelloy nickel alloy reactor (1.0" OD X 0.854" 1D X 9.5"
L) was charged 14.32 g (25 mL) of spherical (8 mesh) three dimensional
matrix porous carbonacecus material prepared substantially as described-
in U.S. Patent No. 4,978,849, incorporated herein by reference. The
packed portion of the reactor was heated by a 5" X 1" ceramic band heater
clamped to the outside of the reactor. A thermocouple, positioned
between the reactor wall and the heater measured the reactor
temperature. After charging the reactor with the carbonaceous material,
nitrogen (10 mL/min) was passed through the reactor and the temperature
was raised to 200 °C during a period of one hour and maintained at this
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EXAMPLE 10 Two-columm azeotropic distillation for
separation of Z-HFC 1429 from HF A m xture
of HF and Z-HFC- 1429 is fed to a distillation process
for the purpose of purification of the Z-HFC 1429

WENWOHEBESI n Tabl e 10 were obtained by cal cul Bty Be006/042773
~using neasured and cal cul at ed t her nodynam ¢

Pr eppéiafsre fdten addibenzs 4atourd) eThomacfor téraperaitureveas then

<l oG o A L e

Z- i migwous) antlinitrogers wag| st d(tbmhdh%feaqﬂa’t e 586 HF
product HFA gaio?ofBeZotBPreactor éfulntffs sampled on-fine for

organic product analysis using a gas chromatograph equipped with a
mass selective detector (GC-MS). The bulk of the reactor effluent
containing organic products and also inorganic acid, such as HF, was
treated with aqueous caustic for neutralization.

Resulis obtained in GC mole percent are summarized in Table
1. In the table, temp is temperature unks is unknowns, and other HFCs
include HFC-23 (triffuoromethane), HFC-125 (pentaﬁuoroethane) and
HFC-134a (1,1,1,2-tetrafluorcethane).

TABLE 1 |
Reactor N, Mole Percent
temp, flow, U.nks‘ Z-HFC- | ZHEC- { Other | HFC43-| Other Other
°C sccm 1429 1429 HFC- | 10mee HFC-43- HFCs
myz mzy 1429 10s

200 20 1.47 2.9 296 0.36 55.0 0.65 0.08
200 20 2.05 10.7 243 0.29 62.1 047 | 009
250 20 | 224 | 281 | 596 | 130 1.01 743 | 009
250 20 2.07 28.1 59.9 130 | 1.00 7.35 0.33
250 40 2.14 28.9 60.2 1.35 0.90 6.25 0.32

EXAMPLE 2

Phase Studies of mixtures of HF and Z-HFC-1429

A phase study was performed for a compaosition consisting
essentially of Z-HFC-1429 and HF, wherein the composition was varied
and the Vapoi' pressures were measured at both 20 °C and 70 °C. Based
upon the data from the phase studies, azeotrope compositions at other
temperature and pressures have been calculated.

Table 2 provides a compilation of experimental and calculated
azeotrope compositions for HF and Z-HFC-1429 at specified temperatures
and pressures.
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Z- HFC- 1429, nmol %-41.8 17.5 100 30.0 -- Tenp., C -

14.9 39.8 91.7 117.5 Pres., psi (kPa) - 19.7 (136)

21.7 (150) 224.7 (1549) 226.7 (1563) EXAMPLE 11

Two- col um azeotropic distillation for separation of

WA WA from HF A mixture of HFEGHHS2006/042773
Z-HFC-1429 is fed to a distillation process for the

pur pose of purification of the Z-HFC 1429. The data

in Table 11 were obtai neg g9l cul ation using

] +

eastr-ed—and-cpt-eut-at-et——vQ ) - -
00FhAGIURSRCT| US20@68%04 2773 t hdoledelithani ¢ Mole %
rgpert i es. The nuggqﬁ,salat tihe top of the| colauwrstaze
erer 1o Fgurge 1. IABLE 11 7 - ! .
. 20 T 41283 88.6 . 114 |
15 . 5.3(36.5) 87.8 122
-0 6.7 (46.2) 870 13.0
-5 8.5 (58.6) 86.2 ‘ 13.8
0 10.6 (73.1) 85.3 14.7
20 - 24.2 (167) 82.0 18.0
40 | 49.3(340) 786 21.4
60 92.3 (639) 751 : 249
85 : 108 (742) 74.2 | 258
.70 124 (855) 734 . 268
75 143(988) 725 215
80 . 165 (1136) 718 28.4
85 189 {1300) 706 29.4
90 217 (1495) 69.7 30.3
95 248 (1713) 68.6 31.4
100 285 (1965) 67.4 32.6
EXAMPLE 3

Dew point and bubble point vapor pressures for Z-HFC-1429
The dew point and bubble point vapor pressures for

compositions disciosed herein were calculated from measured and
calcutated thermodynamic properties. The near-azeofrope range is |
indicated by the minimum and maxirum concentration of Z-HFC-1429
(mole percent, mol%) for which the difference in dew point and bubble
point pressures is less than or equal to 3% (based upon bubble point
pressure). The results ars summarized in Table 3.
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Compound or variable 540 Feed M xture 570 Col um
(510) distillate 566 HF product 585 Col um (520)
-distillate 586 Z-HFC- 1429 product 100 HF, mat % 73.9
70.0 100 82.5 Z-HFC- 1429, mol % 26.1 30.0 --

WO 2007/053738 PCT/US2006/042773
TABLE 3
~ Temperature, Azeotrope composition, Near-azeofrope compositions,
°C mol% Z-HFC~1429 moi% Z-HFC-1429
' Minirnum . Maxitnurm

-20 114 10.3 12.4

0 14.7 13.4 16.0
20 18.0 166 19.7
70 266 24.9 20.2
100 ' 328 30.7 352

EXAMPLE 4

Phase Studies of mixtures of HF and HFC-43-10mee -

A phése study was perfdrrned"for a co‘inposition consisting
essentially of HFC-43-10mee and HF, wherein the composition was varied
and the vapor pressures were measured at both 30 °C and 80 °C. Based
upon the data from the phase studies, azeotrope compositions at other
temperature and pressures have been calculated.

Table 4 provides a compilation of experimental and calculated
azeofrope compositions for HF and HFC-43-10mee at specified
temperatures and pressures.
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17.5 Tenp., C- 91.7 117.5 14.9 39.8 Pres., psi

(kPa) 224.7 (1549) 226.7 (1563) 19.7 (136) 21.7

(150) EXAMPLE 12 Two-columm azeotropic distillation
for separation of HFC 43-10mee from HF A

WR 3UPE'8f HF and HFC-43-10nee is fed to a PCTUSIN06A42TIS
distillation process for the purpose of purification

of the HFC- 43-10nee. The gaBLEH 4 Table 12 were

D CTORAATA T i opdrEPuE The BRI ot HIEE°C
the colums refler_tmsifiPgure 1. TABLE 12 ConpHi@éd3-domee
vari abl 4540 Fged I\g_(ﬁzg_rﬁ 973 | 27
0 7.7 (63.1) 955 4.5
20 17.3 (119) 932 6.8
30 25.0 (172) 91.9 8.1
39.5 : | 34.7 (239) , 90.7 . 9.3
40 35.3 (243) 906 94
60 666 (459) . 818 122
65 . 77.3 (533) 870 430
70 89.3 (616) 863 13.7
75 03(710) | 85.5 , 14.5,
80 118 (814) 84.8 15.2
85 135 (931) 84.0 ' 16.0
90 154 (1062) 83.3 16.7
95 175 (1207) 82.6 72.4
gr.2 185 (1276) 82.2 17.8
100 108(1365) | 818 . 182
EXAMPLE 5

Dew point and bubble point vapor pressures for HFC-43-10mee
The dew point and bubble point vapor pressures for

compositions disclosed herein were calculated from measured and

- caleulated thermodynamic properties. The near-azeotrope range is
indicated by the minimum and maximum concentration of HFC-43-10mee-
{mole percent, mol%) for which the difference in dew point and bubble
point pressures is less than or equal to 3% (based upon bubble point
pressure). The results are summarized in Table 5.

TABLE S
Temperature, Azeotrope composition, Near-azeotrope compositions,
°C moi% HFC-43-10mee mol% HFC-43-10mee
Minimum - Maximum
20 ' 2.7 2.6 2.9
0 46 28 48
20 6.8 4.9 7.3 |

25




570 Colum (510) distillate 566 HF product 585 Col um

(520) distillate 586 HFC-43- 10nee product. HF, mat %
87.0 83.0 100 92.5 100 HFC-43- 10nee, % 13.0 17.0
-- 7.5 - Tenmp., C ,
WO 2007/053738 PCT/US2006/042773
| 70 T 13.7 11.2 15.0 ‘
100 18.2 15.0 - 20.1
EXAMPLE 6

Azeofropic distiliation for separation of Z-HFC~1429 from HFC-43-10mee

A mixture of HF, Z-HFC-1429, and HFC-43-10mee is fed to a
distillation column for the purpose of purification of Z-HFC-1429. The data
in Table 8 were obtained by calculation using measured and calculated

thermadynamic properties.
TABLE B ,
Component or Column feed Column overhead Column buttomé.
variable (distiflate) ' ‘
HFC-43-10mee, 334 1 ppm 44.1
mol %
Z-HFC-1429, mol 33.3 17.4 55.9
%
| HF, mol % 33.3 82.8 -
Temp, °C — 226 51.2
Pressure, psi - 19.7 (136)
(kPa) '
EXAMPLE 7

Azeotropic distillation for separation of Z-HFC-1429 from HFC~43 10mee

A mixture of HF, Z- HFC-1429, and HFC-43-10mee is fedtoa
distillation column for the purpose of purification of Z-HFC-1429. The data
in Table 7 were obfained by calculation using measured and calculated

thermodynamic properiies.
TABLE 7 \
Component or Goiumn feed Column overhead Column boftoms
variable (distiilate)
HFC-43-10mee, 33.4 1 ppm 100
mol %
Z-HFC-1429, mo! 33.3 50.0 2 pbpm
% | -~
HF, mot % 33.3 50.0 -
Temp, °C - 30.0 21.8 ]
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- 97.5 109 23.8 65.8 Pres., psi (kPa) - 184.7 (1273)
186. 7 (1287) 19.7 (136) 21.7 (150) WO

2007/ 053738PCT/ US2006/ 042773 EXAMPLE 13 Two-col um
azeotropic distillation for separation of

W(ﬂé@% Omee from HF A m Xt ur @cofsiohs @i

i n
e ¢
nui

Onee is fed to a distillation process for the

purpose of purification of the HFC 43-10nee. The data
rFabte-¥8—wey

Fe—obtairmedr by cal cut_ ation usi

hBrete ihd cal cul at ed ther nddyaM ¢ pr operzt&ékso) The
xes)s at theftop of thel colums refer ito Figure 1

TABLE 13 Conpound ot variable 540 Feed M xture 570

Col

um (510) distillate EXAMPLE 8

Two-column azeotropic distillation for separation Qf Z-HFC-1429 from HF
A mixture of HF and Z-HFC-1429 is fed to a distillation process

for the purpose of purification of the Z-HFC-1428. The data in Table 8 -

were obfained by calculation using measured and calculated

thermodynamic properties. The numbers at the top of the columns refer tor

Figure 1.
TABL_s
Compound or 540 | 570 Column 566 585 Column 586
variable Feed ~ {510) HF product {520) | Z-HFC-1429
' Mixture | distillate distillate _| _product_
HE, mol% | 174 70.0 100 825 100
ZHFC-1429, | 826 30.0 - 175 -
. mol % ‘ ' ' ¢
Temp., - 91.7 1175 14.9 3.8
o o
Pres., - 224.7 (1549) | 226.7 (1563) | 19.7(136) | 21.7 (150)
psi {(kPa) -
EXAMPLE 9 |

Two-column azeotropic distillation for separation of Z-HFC-1429 from HE.
A mixture of HF and Z-HFC-1429isfed to a distillation proc‘:ess’

“for the purpose of purification of the Z-HFG-1429. The data in Table 9

were obtained by calculation using measured and calculated
therrnodynamic properties. The numbers at the top of the columns refer to

Figure 1.
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565 HFC43- | Ornee product 585 Columm (520) distillate
586 HF product HF, not % 34.6 92.5 100 83.0 100
HFC-43- 10nee, nmol %65.4 7.5 17.0 Tenp., C - 23.8

vs?(f 50%7/053738 PCT/US2006/042773
TABLE 9

Compound or 540 570 Column 566 585 Column 586

“ variable | Feed {519) Z-HFC-1429 {520) HF product

Mixture | distiffate product distiliate
HF., mol % 75.9 82.5 . 70.0 100
Z-HFC-1429, 24.1 17.5 100 30.0 -
mol % _
Temp., - 149 | 388 | 917 117.5
OC ’ X P
Pres., | —~ 19.7 (136) | 21.7 (150) | 224.7 (1549) | 226.7 (1563)
psi (kPa) '
EXAMPLE 10

Two-colﬁmn azeofropic distillation for separation of Z-HFC-1429 from HF
A mixture of HF and Z-HFC-1429 is fed to a distillation process

for the purpose of purification of the Z—HFC—‘E 429, The data in Table 10
were obtained by calculation using measured and caiculated _
thermodynamic properties. The numbers at the top of the columns refer to
Figure 1. '

TABLE 10 |

Compound or 540 570 Column 566 .| 585 Column 586
variable Feed 510y Z-HFC-1429 {520) HF product
Mixture distillate product distillate

HF, mol % 58.2 82.5 - __70.0 100
Z-HFC-1429, 1. 418 175 100 30.0 - -
mol % .
Temp., - 14.9 - 39.8 g1.7 117.5
°C
Pres., - 19.7(136) | 21.7(150) | 224.7 (1549) | 226.7 (1563)
psi (kPa)

EXAMPLE 11

Two-column azeotropic distillation for separation of Z-HFC-1429 from HF
A mixture of HF and Z-HFC-1429 is fed fo a distillation process
for the purpose of purification of the Z-HFC-1429. The data in Table 11
were obtained by calculation using measured and calculated
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97.5 109 Pres., psi (ld's) - 19.7 (136) 21.7 (150)

184.7 (1273) 186.7 (1287) EXAMPLE 14 Two-col unm
azeotropic distillation for separation of

HFC- 43- 10nee from HF A mxture of HF a

- W0 YE3T8nee is fed to a distillation proces® ?’B?m?ﬁﬁ’é””
purpose of purification of the HFC-43-10nee. The data

i nthEadbeyramivprepatiesi Tieentyberd atihatdpoof the icolymns refer to
n@dhﬁl and cal cul at ed thernodynani c properties. The

érs at the top of the columms refer to Figure 1.
TABLE 14 Conpound ar vari HMBREAAN Feed M xture 570

qbbg,npo,{nﬁjo(p) disgs i | | a¥echfifin HFC- %68~ 108Becanmaluct ss6
variable Feed (510) HF product (520) | zHFC1420
Mixture disiillate . distillate product
HF, mol % 73.9 70.0 100 82.5 100
ZHFC-1429, 26.1 30.0 - 175 -
mol % B ‘ -
Temp., ~ 91.7 117.5 14.9 30.8
°C
Pres., - 2247 (1549) | 226.7 (1563) | 19.7 (136) | 21.7 (150)
si(kPa) ' | |
- EXAMPLE 12
Two—co[umn azeotropic distillation for separation of HFC-43-10mee from
HF

A mixture of HF and HFC-43-10mee is fed to a distillation
process for the purpose of purification of the HFC-43-10mee. The data in
Table 12 were obtained by calculation using measured and calculated
thermodynamic properties. The numbers at the top of the columns refer to
Figure 1.

TABLE 12
Compoundor | 540 | 570 Column 566 | 585Column | 586
variable Feed {510) HF product {520) HFC-43-
Mixture distillate distillate 10mee
: ' product
HF, mol % 87.0 83.0 100 92.5 100
HFC-43- 13.0 17._0 - 7.5 -
10mee, mol % '
Temp., ~ 975 109 23.8 65.8
°C
Pres., - 184.7 (1273) | 186.7 (1287} | 19.7 (136) 21.7 (150)
psi (kPa)
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585 Colum (520) distillate 586 HF product FIF, nol %
78.0 92.5 100 83.0 100 HFC-43- 10nee, mol % 22.0 7.5

- 17.0 Tenp., -- 23.8 65.8 97.5 109 C
WO 2007/053738 - PCT/US2006/042773
, EXAMPLE 13
Two-cq!umn azeotropic distillation for separation of HFC-43-10mee from
| | - HF

A mixture of HF and HFC-43-10mee is fed o a distillation
process for the purpose of purification of the HFC-43-10mee. The data in
Table 13 were obtained by calculation using measured and calculated
thermodynamic properties. The numbers at the top of the columns refer to
Figure 1. '

v TABLE 13 - S
-| Compound or 540 £70 Column 566 | 585 Column 586
. variable Feed - (510)  HFGC-43- {520) HF product
Mixture | distilate | 10mee | distillate
product
HF, mol % 346 (925 100 83.0 100
HFC-43- 65.4 7.5 - 17.0 -
10mee, mol %
Temp., - 23.8 65.8 97.5 109
oG \ .
Pres., C — 1 19.7(136) | 21.7(150) | 184.7 (1273) | 186.7 (1287}
psi (kPa) 1
EXAMPLE 14
Two-column azeotropic distillation for separation of HFC-43-10mee from
HE :

A mixture of HF and HFC-43-10mee isfed to a distillation
process for the purpose of purification of the HFC-43-10mee. The data in
Table 14 were obtained by calculation using measured and calculated
thermodynamic properties. The numbers at the top of the columns refer to
Figure 1.

- TABLE 14

Compoundor | 540 570 Column 566 585 Column 586

variable Feed {510) HFC-43- (520} HF product

Mixture distillate 10mee distillate
) product )
HF, mol % 78.0 92.5 100 - 83.0 100
HFC<43- | 220 75 ~ 17.0 -

10mee, mol %
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Pres., psi
186. 7 (1287)

W WOTPP%Bi on process for the purpose of puri

(kPa) -

EXAMPLE 15 Two-col umtm azeotropic
distillation for separation of HFC 43-10nmee from HF
A m xture of HF and HFC-43-10nee is fed to

19.7 (136) 21.7 (150) 184.7 (1273)

T/U, 2006/042773
(I: c/a

of.t-he HEG. 43:10nmee. . The data in Table 15 were
obt ai meslpby cal cul atifon a6 ng |neaspyy ed |andgzgal cyl at ggh
t her nodynam ¢ properties. The|nunbers at the top of
t he—eotvoms—efer—t-oH-gure 1 —TABLE-15—Conpoung—or
vaf i aU’I’r_es.,54O Feed M xt i8.2(156)0 | Ca1.TfTHC)( MIB4. d{18TF) | |1186.@ (1287)
56pP  psi (kPa)
EXAMPLE 15 '
Two-column azeotropic distillation for separation of HFC-43-10mee from
HE

A mixture of HF and HFC-43-10mee is fed to a distillation
process for the purpose of purification of the HFC-43-10mee. The data in
Table 15 were obtained by calculation using measured and calculated
thermodynamic properties. The numbers at the top of the columns refer to

Figure 1.
TABLE 15
| compound or 540 570 Column 566 585 Column 586
variable * Feed (510) HF product {520) HFC-43-
Mixture distillate ' distillate 10mee
product
HF, mol % 83.6 83.0 100 92.5 100
HFC-43- 16.4 17.0 — 7.5 -
10mee, mot %
Temp., - 97.5 109 238 65.8
oC , |
Pres., - 184.7 (1273) | 186.7 (1287} | 19.7 {138) 21.7 (150)
psi (kPa) - '
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HF product 585 Columm (520) distillate 586 HFC 43- |
Onee product HF, nol % 83.6 83.0 100 92.5 100 HFC- 43-

mol

%16.4 17.0 -10nee, - 7.5 Tenmp., C-- 97.5 109

_ CLAIMS
What is claimed is :

An azeotrope or near-azeotrope composition comprising Z-HFC-
1429 and hydrogen fiuoride, preferably comprising an effective
amount of hydrogen fluoride.

" The azeotrope or near-azeotrope composition of claim 1 comprising

from about 10.3 mole percent to about 35.2 moie percent Z-HFC-
1429 and hydrogen fluoride, preferably from about 89.7 mole
percent io about 64.8 mole percent hydrogen fluoride 'preferably :

wherein the vapor pressure is from about 4.1 psi (28.3 kPa) to
about 285 psi (1965 kPa) at a temperature of from about -20 °C to

‘about 100 °C, wherein said composition is characterized by a

difference between dew point pressure and bubble point pressure
that is less than or equal to 3%, based upon bubbie point pressure.

The azeotrope or near-azeotrope composition of claim 1 wherein
said composition consists essentially of from about 10.3 moie
percent to about 35.2 mole percent Z-HFC-1429 and from about
89.7 mole percent to about 64.8 mole percent hydrogen fiuoride,
wherein the vapor pressure is from about 4.1 psi (28.3 kPa) fo
about 285 psi (1965 kPa) at a temperature of from about -20 °C to
about 100 °C. '

The azeotrope composition of claim 1 comprising from about 11.4
mole percent to about 32.6 mole percent Z-HFC-1429 and from
about 88.6 mole percent to about-67.4 mole percent hydrogen
fiuoride, wherein the vapor pfe_ssure is from about 4.1 psi (28.3
kPa) to about 285 psi (1965 kPa) at a temperature of from about -
20 °C to about 100 °C.

The azeotrope composition of claim 1 wherein said composition
consists essentially of from about 11.4 mole percent to about 32.6
mole percent Z-HFC-1429 and from about 88.6 mole percent to
about 67.4 mole percent hydrogen- fiuoride, wherein the vapor
pressure is from about 4.1 psi (28 kPa) to about 285 psi (1965 kPa)
at a temperature of from about -20 °C to about 100 °C.
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23.8 65.8 Pres., psi (kPa) - 184.7 (1273) 186.7

(1287) 19.7 (136) 21.7 (150) CLAIMS What is clained

is : 1. An azeotrope or near-azeotrope composition

conpri sing Z-HFC1429 and hydrogen fl uori de,

preferably conprising an effective anmount of hydrogen

fluoride. 2. The azeotrope or near-azeotrope :

ENPOSA tir8keddf fot| tAb recharatin icfi DHFO-042S fiom HBC3t3-10mee

nmol e percent. to about 35.2 nole percent Z-HFC1429 and

hydr oféWPP4RY i de, preferably from about 89.7 nole

per Cemag)t o fokmitly 4. Rixtaree afeZeldRT- 1429, oYeL-ABudmets and

preferably V\@erei nﬂtglg V'g?ﬁ?& pressure is from about

4.1 psi (28Wsregen fiporide d1id o5 s (1965 kPa) at @

t enper(d) ur esubjedtingnsaidontixtups t¢ a disitiation sbep drom which is

wher ei n sai i £d I S C Wy A=Y: Y e '
fggﬁggp%s d&diﬁl‘hn! shife 'i:SHpé%gu:J@ubﬁmpnsmg an

di fference ween dew poi nt pressure an

poi nt pr essAAeotiopgt Ofs NRASAZERUFOPS EURROSIHRD 395 hydrogen
based upon RidridetartPZIHF QL R ESsenBally free @F $IRC-Ape1 Omee.
near - azeot rope conposition of claim1 wherein said
conposition consists essentially of fromabout 10.3

nol e PRRE pRiceks offefaii 8 wiveredn saif alistiflation sHCiUtR29 forms a

d from abqut. 89. 7 nol e. t0.
o corronparas CafPesiBr fEfbrsite BG40t B ierably
i s frowhefeirut said 1 cphimig-bitBmsPajomposilinrut careprigas  HFC-43-

(1965 : f freom-about -20 Cto
about ﬁéﬁ%&ﬁ&ﬁ%%ﬁéfﬁg%@gggnﬂggg ion of claim1l
conprising fromabout 11.4 nole percent to about 32.6

l'e s e i QEldePRYLreSst S-HREL1429, HFC-
gr ceﬁﬁ?gpg%%ﬁﬁﬁ%&lﬁgﬁo\lﬁgg@é gg‘nt h drregééfen fluoride,
wher ei 43 Pmegagpe hydsagen dupgde comPpaBes £a4IMOIgE Auantities of
(28. 3 & coriponatt oP8kedd Z(HPGI4RBa) at a
tenperature of from about - 2000 to about 10000 5.
The azeotrope conposition of claiml1 wherein said.
@nposht prtessnfors tise esamaratioh| pf d-HRGA®#28 ofrom 1 amixture

and t PaRHG Satebiaite B FRahAREGFGR cfmpbSbet Z-HFC-
per cent428/and dirdganﬂiucub:&, \BRsH RIOGESH BOMPPSINGHr essur e
BRI aboéﬂ%éct%ggébid( FibiRE ko PP QiAo Rt (r} Yiich =

160" & seqhmestoh s BeAeH) Ao e sn ) Z
from HFC- 43:kB0p40 @ TRsrheVad as( @ )irdt aligtillage @omiposition with a
of Z-HFC 14f_29 }—EC- 43- 10nee,. ag}d .@/dr ogen, { | orltﬁ%r of said
and (b) subifeLPPREMSAFANRPEIGR PEINY gNKER] N T ¢
step from wdimponentsqrardiig amdl um distillate

1 n - = t
Compodty] orSBIERIE GG Arilor ot fOmpEiq] 5§ 4 “Scond
essent i al | ydistiletionf stepCongutdat a differentpressigs inwhich the
claim6 whe oﬁgﬁ%@tﬂgﬂh&ﬁé& A KRR rRdeRnd ol sitldY WP () is

a col um-bo onposi tion conpri St ng 43- 10nee,
pref er abl y memeonsich in 8 gesondndishliate ResHRswithya second

conpri ses "l'f&iﬁf’rﬁs chARFRSSIRES eRfitiRed in heamié cydiopeanwhich

fluoride. 8. The process, of _cl aim 6 wherein.sai

mi xtur e of Waspenshsd in thefirs AisTUReOTIRENGr ogen

f1 uori gleferaBly wWirseird saitb|fast dootrist compobitieackomprises Z-

COTPOSP 1 Bio SASERRIF R ot fidonf AyBHEE BRbPnElin sai
second boftoms composition comprises hydrogen fluoride
essentially free of Z-HFC-1420.
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conprising‘an azeotrope or near-azeotrope conposition

of Z-HFC1429 and hydrogen fluoride, said process
conprising: (a) subjecting said mxture to a first
distillation step in which a conposition enriched in

ei ther (i) hydrogen fluorijde or &L' HEC- 1429 | s. .

r throv ethexpragess o clajims Pi wheliedn &8 ﬁ%t émﬁaﬂm ptep is carried
first batdhofresaraQithie?thar g privsurhetithersddoad distillation
of sai‘gﬁéton{)%rﬁents(% ) or (ii); pand (b) subjecting

said f$teBt distillate conmposition to a second
distillation step conducted at a different pressure

0y S SRR L B A sy o

conposyHRrT 1428 Hin csebioatiob witroap eftantiveiameunt of hydrogen

enriched | hg sa [ i.cl [ o .
t he fi'f?%qndgi éot fqrﬁ]agg %%%%F’Bmébg?é‘?@‘?% ;;b \"j\r;ﬁerlejt!dra1 _“."th
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c) subjecting said first distillate composition to a second distillation
step from which a composition enriched in either (i) hydrogen
fluoride or (i) Z-HFC-1429 is removed as a second distillate
composition with a second bottoms composition being enriched in
the other of said components (i) or (ii); and

d) subjecting said second distillate composition to a third distillation
-step conducted at a différentpressure than the second distillation
étep in which the component enriched in the second bottoms
composition in (¢) is removed in a third distillate composition with
the third bottoms composition enriched in the same component that

~ was enriched in the second distillate composition,

and/or at least some portion of said first bottoms is recycled to said

reaction zone, and/or at least some portion of said second botioms is

recycled to said reaction zone, andfor at least some portion of said
second bottoms is recycled to said first distillation step.

"14.  The process of claim 13, further comprising fecidvéring-at leaét

. some portion of said second bottoms as Z-HFC-1429 essentially
free of HFC-43-10mee and hydrogen fiuoride.
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