DESCRI PTI ON Azeotropic M xture of Pentafl uoropropane and
Hydr ogen Fl uori de and Process of Separating/Purifying

Pent af | uor opropane 5 Technical Field The present
igvention relates to an azeotropic m xture pf 1, 1, 1 3, 3-

pent af | uor opropane (which hereinafter may be referred to as also "R 245fa")
and " hydrogen fluoride (which hereinafter may be referred to as al so
"HF"), and a 10 process of separating/purifying R-245fa and/ or hydrogen
fluoride froma mxture conpri SIiDESERIPFION R- 245fa and hydr ogen
fluoride. Background Art R-245fa is a useful conpound
whi ch can be used for an alternative for 15 CFC (chlorofluorocarbon) or

. HCFC (hydrochl orof | uorocarbon) used as a cooling medi um and a f oam ng

agent and which i's RoL,dLkiENiduPe 3F PEhBULRSHBPERE and¥¥Ydrogen Fluoride and

Process of Separating/Purifying Pentafluoropropane

Technical Field
The present invention relates to an azeotropic mixture of 1, 1, 1, 3, 3-
pentafluoropropane (which hereinafter may be referred to as also "R-245fa") ahd
hydrogen fluoride (which hereinafter may be referred to as also "HF"), and a
10  process of separating/purifying R-245fa and/or hydrogen fluoride from a rﬁixture

comprising at least R-245fa and hydrogen fluoride.

Backgrouhd Art
| R-245fa is a useful compound which can be used for an alternative for
156 CFC (chlorofluorocarbon) or HCFC (hydrochlorofluorocarbon) used as a cooling
medium and a foaming agent and which is not likely to destroy the ozone layer.
R-245fa can be produced by fluorination of 1, 1, 1, 3, 3-
pentachloropropane using HF. In this production process, since an excessive
amount of HF is used for the reaction, a reaction mixture contains a considerable
20 amount of unreacted HF in addition to produced R-245fa, and also may contain, in
- addition to these, a by-product (for example, R-244fa (1, 1, 1, 3-tetrafluoro-3- |
chloropropane) and so on). A composition of such a reaction mixture is
determined by reaction conditions, and in order to obtain R-245fa from the
reaction miﬁure as described above, the mixture is subjected to

25 -separation/purification. Further, it is desirable to recover the unreacted HF from
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concentration (a) of one specific component (for example, R-245fa) to a
concentration (b) of the other specific component (for example, HF) of the stream
(namely a ratio [a/b]) is increased, that is when the ratio [a/b] is increased to [a'/b’]
(wherein a'/b' > a/b), the specific component (R-245fa) is said to be
10  separated/purified.
Further, in the present specification, the term "separate/purify” is intended
to not necessarily mean perfect separation, and such term is used to include a
fairly broad meaning so that it includes a concept of so-called "concentration.”
- However, in one of the most preferable .embodiments, the term "separate/purify” is
15 intended to mean that a mixture stream consisting substantially of two specific
components is subjected to a predetermined step so that other stream is obtained
which contains substantially only one specific component. In another
embodiment of the most preferable embodiments, the term "separate/purify" is
intended to mean that a mixture stream'consisting substantially of two specific
20 components and at least oné component is subjected to a predetermined step so
that other stream is obtained which is substantially free from one of the specific
components.
When R-245fa is separated/purified from a reaction mixture as described
above, alkaline washing and/or water washing is usually used for the separation of

25 unreacted HF from R-245fa (and other HFC if any). However, separated HF in
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above, al kaline washing and/or water washing is usually used for the
~ separ ati on of examples in which using an azeotropic mixture of HF and the HFC, separating R-

134a is separated from a mixture containing those compounds (see, for example,
Japanese Patent Kokai Publication Nos. 4-261126 and 5-178768). However,
10  with respect to the separation of R-245fa and/or HF from a mixture of R-245fa and

HF, the presence of an azeotropic mixture of R-245fa and HF has not been known.

Disclosure of the Invention
It is an object of the present invention to provide a process of
15  separating/purifying R-245fa and/or HF from a mixture comprising at least R-245fa
and HF without a washing step as described above.

The present inventors have intensively studied the procéss' of
separating/purifying R-245fa and/or HF from the mixture comprising at least R-
245fa and HF, and have found for the first time that R-245fa andl HF form a

20 minimum azeotrobic mixture and completed the present inventions. - |

Thus, the present invention provides an azeotropic mixture consisting
substantially of 1, 1, 1, 3, 3-pentafluoropropane and hydrogen fluoride. The
azeotropic mixture is a minimum azeotropic mixture having a minimum boiling
point. An azeotropic temperature and an azeotropic composition of the

25 azeotropic mixture depend on a pressure of a system in which the ézeotropic



25 unreacted HF from R-245fa (and other HFC if any). Howevers , _
I h 3 THISUSHEET HAS BEEN
manner i s present in an aqueous solution and there is no othe¢r wayRERRBACED
diisposing it. Thus, the above nentioned sepﬁr ation not only - '
al'so requi res additional cost for washing and di sposing. Therefore,
it is desirable to provi de a process of nore effectively
separating/purifying R-245fa and/or HF from 5 a mxture of HF and
R-245f a. mixture is forni&d.[ OT: g@ﬁrazﬁﬁﬁép%ﬁgg?atﬁrés afid corpoditiohs are shown

2-tetrafluoroethane), there & exanp I'n which using an azeotropic

m xture of HRK kAl > : ' .om a

m xt ure cont a?%pﬂ'd&’ ﬁﬁggg&gorﬁggﬁ‘r']%g "?;Eé(gfn pfl%r2 %@éﬁpﬁle?é dﬁgeﬁﬁgdagglr?&\;s' e Pat ent
Kokai Publication Nos. 4-261126 and 5-178768). However, 10 with respect
to the separation of R 245fa and/or HF froma m xture of R-245fa and

HF, the presence of _an azeotropic m xturg of R-245fa. and 5|F has.not been

known. Di scPéegseor the AZEOHOPIG: Azeotropic Composition
5 (kg/cm?-gauge) Temperature (°C) (mol % of R-245fa)
| 2.95 40 34.5

3.50 45 40.8
4.26 . 50 45.0
5.80 60 482

10 7.00 67 485
7.65 70 474
9.00 77 42.1
9.60 80 36.3

15 The above azeotropic mixture has been fb_und for the first time by the

presént inventors.
The azeotropic mixture can be used as reflux of a distillation step in which

R-245fa or HF is separated/purified from a mixture comprising R-245fa and HF.
In the distillation step, the mixture containing R-245fa and HF at any ratio of

20 R245fa/HF is supplied to the distilling step as a feed, and R-245fa and HF are
distilled off from the distilljng step as an azeotropic mixture and a bottom product
is obtained which has a higher or lower R-245fa/HF ratio depénding on the
R245fa/HF ratio of the feed, whereby effective separationlpuriﬁcation of R-245fa
or HF is possible. -

25 That is, the present invention provides a process of separating/purifying 1,
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descri bed 5be| ﬁyvl\élrogen fluoride and a bottom product is obtained which comprises
separated/purified 1, 1, 1, 3, 3-pentafluoropropane or hydrogen fluoride.
The feed whiqh can be used in the present process comprises at least R-
245fa and HF, and in a preferred embodiment, the feed consists substantially of
R-245fa and HF. In the latter embodiment, the azeotropic mixture is substantially
10 distilled off and R-245fa which contéins substantially no HF or HF which contains
substantially no R-245fa is obtained as a bottom product. Optionally, the feed
may contain other component such as 1, 1, 1, 3, 3-pentachloropropane, 1, 1, 1,
3-tetraluoro-3-chloroprdpane and so on. Such other component(s) is merely
- distributed to the distillate or the boﬁdm product depending on its boiling point at
15  an operation pressure of the distillation step and an azeotropic temperature of the
other compo_neht and HF if they form another azeotropic mixture. As a concrete
example, the feed may be a reaction mixture obtained upon the production of R-
245fa from pentachloropropane and HF.
When a ratio of R-245fa/HF of the feed is smaller than that of an
20 azeofropic mixture which is formed at an operation pressure of the distillation step,
a distillation bottom product comprising HF which is substantially free from R-
245fa (or which contains substantially no R-245fa) is obtained by a distillation
~ operation in which a distillate comprising an azeotropic mixture of R-245fa and HF,
and a portion of the distillate is used as reflux.

25 To the contrary, when the ratio of R-245fa/HF of the feed is larger than
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the distillate is used as reflux.

In the separation/purification process according to the present invention
és described above, operation conditions are not particularly limited, but
appropriately selected depending on afeed composition, an aimed
separationlburification extent; utility conditions (for example, a cooling
temperature of the distillate, a heating témperature at the bottom of an distillation
apparatus and so on), and apparatus limitations (for example, pressure resistance
of the apparatus and soon). For examplle,_ the opefation pressure may be

generally in the range between 1 kg/cm?-G and 30 kg/cm?-G, and preferably 1

- kglem®-G and 20 kg/cm>-G.

Based on the data of the above azeotropic compositions, it has been
further found for the first time that the azeotropic composition of R-245fa and HF
considerably greatly changes depending on a pressure of the system. According
to the extensive studies of the present inventors, it has been clariﬁed that the
azeotropic phenomenon of R-245fa and HF shows a maximum value of the R-
245fa/HF ratio of the azeotropic composition at a system pressure of about 7
kg/cm2-G, and in the vicinity of that pressure, the R-245fa/HF ratio of the
azeotropic composition depends relatively less on the system pressure.

By using the system pressure dependency of the azedtropic phenomenon,

- there is provided another' process in which R-245fa and/or HF is

" separated/purified by processing the mikture comprising at least R-245fa and HF.
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free from HF when an R-245fa/HF ratio (for example, a molar r_atio, a mole
percentage of R-245fa based on sum of R-245fa and HF and so on, herein after
which may be referred to as n‘ierely "ratio") of the feed mixture is larger than the
10 R-245fa/HF ratio of the first distillate, or a first bottom product is obtained which
comprises HF substantially free from R-245fa when the R-245fa/HF ratio of the
feed mixture is smaller than the R—2451;aIHF ratio of the first distillate, and
subjecting the first distillate to a second distillation stage which is
- operated at a pressure which is different from that of the first distillation stage,
15 whereby
a second distillate is obtained which comprises an azeotropic mixture
consisting substantially of R-245fa and HF, and
a second bottom product is obtained which comprises R-245fa
substantially free from HF when the R—245fa/HF ratio of the first distillate is larger
20 - than the R-245fa/HF ratio of the second distillate, or a second bottom product is
obtained which comprises HF substantially free from R-245fa wheﬁ the R-
245féIHF ratio of the first distillate is smaller than the R-245fa/HF ratio of the
~ second distillate.
By recovering the first and/br the bottom products, R-245fa and/or HF are

25 separated/purified. Namely, the present invention provides a process to



substantially no R-245fa is obtgined as a bottom product. Optionally, the

f éed may contain other conponent such as 1, 1, 1, 3,
3- pent achl oropropane, 1, 1, 1, 3-tetral uoro-3-chl oropropane and so
-“on. Such other conmponent(s) is nerely g distributed to the distillate

or the bott om product depending on its boiling point at 15 an operation
pressuré of the distillation step and an azeotropic tenperature of the
~ other conponent and HF if they form another azeotropic mixture. As a

concrete  gsepurat@MGifyR1245RLahdIBYHPE a reaction mxture obtained upon
t he production of R 245fa from pent achl or opropane and HF.

hen a ratio of R 24higordeess id Rmed by soiootiBniy in'difies!thdlofthe 2n 20
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-and a portion of the distjllate is used as reflux. 25 , | To the ., .
contrary. SheRreSsUrasaang the datiatsrwhich comprisestae azeatropie gaixtyrs and which is
| obtained in the first separation/purification process is used as a feed mixture for
the second separation/purification process which is operated at a different -
operation pressure. It is of course possible to repeat such distillation.stages
more than twice, and there is no particular limitation in the repeating number_.- “In
10 a practical application, twice is sufficient. Thus, the above combined

separation/purification process will be explained below with reference to an

example in which two distillation stages are combined.

- Brief Description of Drawings
15 Fig. 1 is a graph which shows an effect of an operation pressure on a
composition of an azeotropic mixture according to the present invention;
Fig. 2 is a graph which shows an effect of an operation pressure on a
bomposition of an azeotropic mixture according to the present invention;
Fig. 3 is a graph which shows an effect of an operation pressure on a
20 composition of an azeotropic mikture according to the present invention;
Fig. 4 schematically shows a flow sheet of a preferable embodiment of
the present invention in which R-245fa and HF are separated/purified; and
Fig. 5 is a graph which shows results of vapor-liquid equilibrium

measurement of an R-245fa/HF system.
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10  Detailed Description qf the Invention
In the first embodimeﬁt of the combined separation/purification process
as described above, it is characterized in that the R-245fa/HF ratio of the feed
- mixture is larger than the R-245fa/HF ratio of the first distillate and also larger than
. the R-245fa/HF ratio. of the second distillate, and the R-245fa/HF ratio of the first
15 distillate is larger than the R-245fa/HF ratio of the second distiilate.
This embodiment can be easily understood with reference to the graph of
Fig. 1 in which the azeotropic data is shown. In the graph of Fig. 1, the axis of
ordinate indicates mol % of R-245fa of the azeotropic mixture of R-245fa and HF
(i.e. 100 x R-245fa/[R-245fa + HF], thus this corresponds to the R-245fa/HF ratio),
20 and the axis of abscissas indicates pressure at which the azeotropic-mixfure is
formed. In the first embodiment, the R-245fa/HF ratio of the feed mixture is
indicated by for example A. The first distillation stage is operated at for example
a pressure-B,. and thus the R-245fa/HF ratio of the first distillate is indicated by C.
Since A is larger than C (i.e. A > C), the bottom product of the first distillation stage -

25 can be made substantially free from HF. Then, the first distillate is subjected to
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process according to the present invention, it is characterized in that the R-
245fa/HF ratio of the feed mixture is larger than the R-245fa/HF ratio of the first
distillate and also larger than the R-245fa/HF ratio of the second distillate, and the
R-245fa/HF ratio of the first distillate is smaller than the R-245fa/HF ratio of the
10  second distillate. |
- Referring to the graph of Fig. 1, the second embodiment is the same as
the above first embodiment except that, in the second embodiment, the second
distillation stage is operated at for example a pressure of F, and the R-245fa/HF
. ratio of the second distillate is then G (thus, G > C), so that the bottom product of
15 the second distillation stage can be substantially free from R-245fa. |
In the third embodiment of the combined separation/purification process
according to the present invention, it is characterized in that the R-245fa/HF ratio
- of the feed mixture is smaller than the R-245fa/HF ratio of the first distillate and
also smaller than the R-245fa/HF ratio of the second distillate, and the R-245fa/HF
20 ratio of the first distillate is larger than the R-245fa/HF ratio of the second distillate.
This embodiment is easily understood with reference to the graph of Fig.
2 which is substantiaily the same as the graph of Fig. 1. In the third embodiment,
the R-245fa/HF ratio of the feed mixture is indicated by for example H. The first
distillation stage is operated at for example a pressure of |, and thus since J > H,

25 the R-245fa/H ratio of the first distillate is indicated by J. Therefore, the first
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I S obtained which conprises R-245fa substantially free from HF when

the R-245fa/ Hglchddrly e, 38 Lidmithils #id boRérm préduét sfthe séfond dRillateccan be
0 O% t (f |

R-245fa/ HF rat| e secon stillate, -or a second bottom product is
obt ai ned i C | : @éb? tally free fromR-245fa when the R
245f al HF \rlg;t [ @a@%%ﬂgfﬁ}ég?f 'S (lgrﬁlqﬁ'e is smaller than the R-245fa/HF ratio

Secong 249" B toust Sy Beripantof e combingr serarianipyicaPn Ao
ﬁ,igﬁ{ ?Oﬁng/r gég;ég%egtsggégg rir‘fil\t/een IIO l,Jlrtiisf i:ﬁgr'ac enggld)fh tl%arﬁhg ﬁiigfalHF ratio
of the feed mixture is smaller than the R-245fa/HF ratio of the first distillate and
also smaller than the R-245fa/HF ratio of the second distillate, and the R-245fa/HF
10 ratio of the first distillate is smaller than the R-245fa/HF ratio of the second
distillate.

Referring to the graph of Fig. 1, the fourth embodiment is the same as the
above third embodiment except that, in the second embodiment, the second

. distillation stage is operated at for example a pressure of M, and the R-245fa/HF
16 ratio of the second distillate is then N (thus, N .> J), so that the bottom product of
the second distillation stage can bé substantially free from R-245fa.

In the fifth embodiment of the combined separation/purification process
according to the present invention, it is characterized in that the R-245fa/HF ratio
of the feed mixture is between the R-245fa/HF ratio of the first distillate and the

20 R—245f_a/HF_ ratio of the second distillate, and the R-245fa/HF ratio of the first
distillate is‘ larger than the R-245fa/HF ratio of the second distillate.
~ This embodiment is easily understood with reference to the graph of Fig.
3 which is substantially the same as the graph of Fig. 1. In the fifth embodiment,

the R-245fa/HF ratio of the feed mixture is indicated by for example P.  The first

25 distillation stage is operated at for example a pressure of Q, and thus the R-



8. separate/purlf R—245fa and/ or HF. This—precess—is
f or med by so ¢eds two of the separatio /EMMNSHEEHH@mBEEN
processes as de r in which a single REPLACED
separation/ puri. rried out thatl2they are carri ed out at '
di fferent operation 5 pressures, and the distillate which conprises the
azeotropic mxture and which is’ obtained in the first
separation/purification process is used as a feed m xture for t he
second separ a24%fa/ld uatio otthe first distiltate is indicated by &b erEhardfare, thedirst kottom
~operation pressure. It is of course possible to repeat such distillation
st ages prodeict ban bewnade sabstantiallyefres from Ra245faul Theh, thetfirst distillate ishe
repeating nunber. In 10 a practical application, twice is sufficient.

Thus, the aboygbhjeetd todHe second BRstilaHSH StageWwhith r@épa@téd Qrméxmﬂp!e ge
expl ai ned bel owvmth reference to an exanpl e 1n which

distillation sic3gare 8f S SoBt tHe'R-245fa/HF ralib' oﬂh@@é&éﬁdf’&isﬂratefus B apsiSarly

5 seen, R>T and thus the bottom product of the second distillate can be made

substantially free from HF.

In the sixth embodiment of the combined separation/purification process
according to the present invention, it is characterized in that the R-245fa/HF ratio
of the feed mixture is between the-R-245fa/HF ratio of the first distillate and the

10 R-245fa/HF ratio of the second distillate, and the R-245fa/HF ratio of the first
distillate is smaller than the R-245fa/HF ratio of the second distillate.

Referring to the graph of Fig. 3, in the sixth embodiment, the first
distillation stage is operated at for example a pressure of S, and the R-245fa of the

. first distillate corresponds to T.  Since P > T, the bottom product of the first
16  distillation stage can be made substantially free from HF. The second distillation
stage is operated at for example a pressure of Q, and then the R-245/HF ratio of
the second distillation stage is R (thus, R > T), so that.the bottom product of the
second distillation stage can be made substantially free from R-245fa.

Therefore, in the separation/purification process in which the distillation

20 stages are combined acéording to the presenf invention, by selecting operation
pressures appropriately, R-245fa which otherwise would be distributed to the
bottom product is distributed to the distillate as thé -azeo_tropic mixture, and/or HF
which otherwise would be distributed to the distillate is distributed to the bottom
product. To the contrary, HF which otherwise would be distributéd to the bottom

25 product is distributed to the distillate as the azeotropic mixture, and/or R-245fa



15 Fig. 1 is a graph.which shows an effect of an operation
pressure on a conposition of an azeotropic m xture according to the
present invention; Fig. 2 is a graph which shows an effect
of. an operation pressure on a conposiiBi on of an azeotropic m xture
according to the present invention; Fig. 3 is a graph which
shows an effect of an operation pressure on a 20 conposition.of an
azeotropic mxture according to the present invention; Fig.
4 schemat i cal whichiotherwisé waild bealistributediodhe dwullateasﬂdsinbmeu totthe bottont he
present invention in which R-245fa and HF are separated/purified; and

Fig. 5 is a gsdacthi ch shows results of vapor-liquid equilibrium

measur enent of an R-245fa/HF system In the

drawi ng, each nuner g ohé%’r@l%?@éle%&sé%‘f tH¥/first embodiment, when the I@-Qﬁ@fa‘h‘l?ssur €
distillation colum (first distillation stage)

|50W; oy ess g:rgrrﬁglﬁ-% gdtfaa(w@? gg%muéé&%}%é& fhah! 1, #d Akt HtilStion stage is

5 operated at a pressure in the range between about 5 kg/cm?-G and about 8
kg/cm?®-G and the second distillation stage is operated at a pressure not more than
about 5 kg/cm?-G or not less than about 8 kg/cm?G.

In this case, since most of R-245fa of which amount is relatively larger in
the feed mixture is not distilled off, but obtained as the first bottom product of the
10 first distillation stage, there is provided an advantage in energy consumption. In
addition, another advantage is provided in-that the smaller the R-245fa/HF ratio in |
the second distillation stage is, the smaller amount of R-245fa only has to be
distilled off in the second distillation stage (thus, a concentration of R-245fa in the
- second distillate is reduced, and an amount of R-245fa is increased which is
15  obtained as the bottom product).
~ In one preferable case of the second embodiment, when the R-245fa/HF
mole ratio of the feed mixtu.re is not less than 1, the first distillation stage is
operated at a pressure not more than about 5 kg/cm*-G or not less than about 8
kg/cm?-G, and the second distillation stage is opérated ét a pressure in the range
20 between about 5 kg/cm®G and about 8 kg/em*G
In this case, since most of R-245fa of which amount is relatively larger in
the feed mixture is not distilled off, but obtained as the first bottom product of the
first distillation stage, there is provided an advantage in energy consumption.
In one preferable case of the third embodiment, when the R-245fa/HF

25 mole ratio of the feed mixture is not more than 0.4, the first distillation stage is



5 7 first distillate 9 cool er 11 reflux

13 first bottom product . 15 second distillate 17 cool er
19 reflux 21 second bottom product 10 Det ai | ed
Description of the Invention 141 n the first enbodi nent of the
combi ned separation/purification process as descri bed above, it is
characterized in that the R-245fa/HF ratio of the feed m xture is

| arger than the R-245fa/HF ratio of the first distillate and al so | arger

t han t hepdratetbétod pressate in thie rahge between dbeut 5 kgiom>-Grahd dtwout 8

R-245fa/HF ratio of the first 15 distillate is larger than the R-245fa/HF

ratio of the HERRRE dhdtheé b8éénd dlstlllatron stage is oﬂéhfe@ét@ﬁté&[]re A6rmbee than
easily understood wth reference to the graph o Fig. 1 in which the

azeotropi ¢ dafimits G b nb i aB utFBQ Ici"nz ghe axis of
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The first distillation stage is operated a r exa B,
and thus. t he HEUECH FRde GEER BrPTONEE0 31 0VArRg¢ ILPBeI0Y SORSHERBE: by C.

in one preferable case of the fourth preferable embodiment, when the R-
245fa/HF mole ratio of the feed mixture is not more than 0.4, the first distillation
stage is operated at a pressure not more-than about 5 kg/cm?G or not less than

10 about 8 kg/cm®G, and the second distillation stage is operated at a pressure in
the range between about 5 kg/em>-G and about 8 kg/cm?-G.

In this case, since most of HF of which amount is relatively larger in the
feed mixture is not distilled off, but obtained as the first bottom product of the first

- distillation stage, there is provided an advantage in energy consumption. In

15 addition, other advantages are provided in that the larger the R-245fa/HF ratio of
the first distillate is, the smaller amount of HF only has to be distilled off in the first-
distillation stage (thus, a concentration of HF in the first distillate is reduced, and
an amount of HF is increased which is obtained as the first bottom product), and
that the smaller the R-245fa/HF ratio of the second distillate in the second

20 distillation stage is, the smaller amount of R-245fa only has to be distilled off in the
second distillation stage (thus;-a concentration of R-245fa in the second distillate
is reduced). |

" In the above cases, the second distillate may be re-used by mixing with

the feed mixture to be supplied to the first distillation sfage. Further, HF obtained

25 as the bottom product may be re-circulated to the reaction system which produces



Since Ais larger than C (i.e. A > C), the bottom product of the first
distillation stage 25 can be nmade substantially free from HF. Then, the
first distillate is subjected to

10 the second distillation stage whi&h is operated at for exanple a
pressure of D so that the R-245fa/HF ratio of the second distillate
Is EE As clearly seen, Cis larger than E (i.e. C> E), and therefore
t he bottom product of the second distillation stage can be made

subst ant i al | yR246¢a.f rR+245Fa obfained as the secomd bottoraguroductdahd iR-245fa as thene
" ~conbi ned separation/purification process according to the present

i nvention, i tfirsBoctitih PréGUictaRavaiRabld)ahay be used for othe? prédetéimined iappli¢atiore

. feed mxture is larger than the R-245fa/HF ratio of the first

distillate ang @isSer Aftérd5ding RaBjdch 16 cotivettibival pilrifieatién trB&trAGSIONdhe
sﬁe = 451fa HF ratio

distillate, and t of the first distillate is

L e dieBG EHRER i obingdin FESIENRbR 4 e generaty
the above fir et iahR Yo Sher SASEPhnihalin be'brpiing§ BRIk, eood! ment. the
When the feed mixture to be supplied to the first distillation stage contains,
in addition to R-245fa and HF, other component, it is merely distributed to the
distillate of the bottom product depending on its boiling point or its azeotropic point
with HF when it forms an azeotropic mixture with-HF. |

10 In one preferable case of the fifth embodiment, when the R-245fa/HF
mole ratio of the feed mixture is in the range between about 0.4 and about 1, the
first distillation stage is operated até pressure in the range between about 5
kg/cm?G and about 8 kg/cm?-G and the second distillation stage is operated at a

. pressure not more than about 5 kg/cm?-G or not less than about 8 kg/cm?-G.

15 In one. preferable case of the sixth embodiment, when the R-245fa/HF
mole ratio of the feed mixture is in the range between about 0.4 and about 1, the
first distillation stage is operated.at a pressure not more than abqut 5 kg[cmz-G or
not less than about 8 kg/cm?-G, and the second distillation stage is operated at a
pressure in the range between about 5 kg/cm?®G and about 8 kg/cm>G.

20 The separationlpurifiéation process as described above in which the -
higher pressure distillation stage and the lower pressure distillation stage are
combined may be carried out under any operation conditions merely provided that
the operation pressures are selected to provide the azeotropic compositions of the
distillates which are different from each other. It is of course possible to select

25 more optimal operation conditions under considerations of energy consumption



distillation stage is operated at for exanple a pressure of F, and the

R- 245f a/ HF ratio of the second distillate is then G (thus, G > (), so
that the bottom product of 15 the second distillation stage can be '
substantially free from R-245f a. 16 In the third enbodi nent of
t he conbi ned separation/purification process according to the present
I nvention, it is characterized in that the R-245fa/HF ratio of the
feed mxture is snaller than the R-245fa/HF ratio of the first distillate
and al anddaaillityegosthan t he R-245fa/HF ratio of the second distillate,

and the R-245fa/HF 20 ratio of the first distillate is |larger than the
R-245f a/ HF rati o ofComsiderngodoliigstoriditivns of the distillate and alsdlheatingivodditiens
is easily understood with reference to the graph of Fig. 2 which is

subst anti al | yat thebeAsm 6fthé dstiliaticm colunin, 3t is bppropridte 16 Beledt tHEigheent

the R-245fa/HF ratio of the feed mxture is indicated by for exanple H The
first inGl-d ' ' iaft - :
and thus si nSEoRiOTHeaSuR A tietonsr OpbuionpreStuEIA N Prbeiatpephatein |

:QEgLZ?:tEﬁ/gﬁr?'y gﬁﬁé{ﬂ@r Sl Esoultftfkéfcfr?lG, and preferably between about 1 kg/cm?-G and

bott om producatbo(l:j?aol?(eglcnrﬁgasubst antially free fromR-245fa. Then, the first

The distillation stage(s) may be carried out batch-wise or continuously. .
when they are combined or when a single distillation stage is:carried out.
Generally, the distillation stage(s) is preferably carried out continuously: There is

10 no specific limitation as to the type of the distillation apparatus to be used, and the
conventional distillation apparatus (for example, a packed column, a plate column
and so on) may be used. Optionally, when the synthesis of R-245fa is carried out
in a liquid phase reaction; the distillation apparatus may be integrated with a

. reactor. In one concrete embodiment, fluorination of pentachloropropane is
15 carried out in HF as a solvent, and R-245fa produced is distilled off from a

distillation column which also functions as a reactor.

Best Mode for Carrying Out the Invention
In Fig. 4, there is schematically shown a flow sheet of one embodiment of
20 the combined higher-pressure and lower pressure distillation operations inwhich
the first distillation stage and the second distillation stage are carried out ata
pressure not more than about 8 kg/cm?-G. This process comprises the first
distillation stage 1 which is a higher pressure column and the second distillation
stage 3 which is a lower pressure column and continuously processes the feed

25 mixture 5 which comprises at least R-245fa and HF. The feed mixture 5 may be
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As clearly seen, J > L and th sT*f”ﬁeJPﬂﬁﬁTt*(ﬁfm BEEN |

di stlllate |s subj ectﬁé}lﬁ the second distillation stage which is operated
|IIate can be 87 made substanti afjly frBEPEAGHP

at for sure of K so that the R 245fal/ HF;
second dlst
pr oduct of

HF. . In the fourth enbodi nent of the conbi ned
separati on/ puri fication process according to the present invent i on,
it is characterized in that the R-245fa/HF ratio of the feed m xture

is small er tfonexampl&axéatticrneffluent fronf a réactionrsystei whith ptadused R-245fa ot so
small er than the R-245fa/HF ratio of the second distillate, and the

R-245f a/ HF  ay beafrom ay bther Sburde srovided! thatit comprises R-245fanandEF.
R- 245f a/ HF ratlo of the second distillate. Referring

to the graph of Fi gheXebBenikaite T isdidtaftrodided ntd tHe KigRBr Elgeskbﬂa column fibove

third embodi ment except that, in the fourth enbodi men second
R 245 L?L'F"”&%t Gl BFSESHES . AP BT RS R oo difes
subst ant 1511 5 TeG 8 156 adeatropig midife SRS diq HF i e P EsBe £y of
| nvent F‘Sh?e?pc?n% Aefha the zeolronic mbdiatis hales bytbe.pdir o b condengad; 1A
feed mxture is, between the R-245fa/HF ratio of the first distillate and
the 20 R-2Reftiongf theicopdensatds setupiad toitheitep of the epluminas thevefiuy/1irso
ratio ot hea; Ito Sc‘:;:lrry out the first distillation stage. When the R-245fa/HF ratio of the feed
mixture to be supplied to the first distillation stage is smaller than the R-245fa/HF

10  ratio of the azeotropio mixture at the operation pressure of the first distillation
stage, substantially all of R-245fa is distilled off with HF of which amount is such

-that it forms the azeotropic mixture with the distilled off R-245fa, so that HF which
is substantially free from remain-ing R-245fa is obtained as the bottom product 13
- of the higher pressure distillation column 1.

15 A remaining fraction 25 balanced with the reflux 11 returned to the
distillation column 1 is supplied to the second distiliation stage 3 (its operation.. -
pressure is for example about 3 kg_/cm?..-.G) as the feed mixture. Also, the second
distillation stage is operated so as to distill off the azeotropic mixture. of R-245fa
and HF as the second distillate 15. _ As in the first distillation stage, the second

20 distillate 15 is cooled by the cooler 17, and a portion of the cooled distillate.is
returned to a top of the column as the reflux 19. - Since the second-distillation -
.stage at the operation pressure which is lower than that of the first distillation
stage, the R-245fa/Hf ratio of the second distillate is smaller than that of the first
distillate so that substantially all HF is distilled off with R-245fa of which amount

25 forms the azeotropic mixture with the substantially all HF. Thus R-245fa which is



distillate is larger than the R.,245fa/HF ratio of the second distillate.
Thi s enbodi ment is easily understood with reference to the graph of Fig.

3 which is substantially the same as the graph of Fig. 1. In the fifth
enbodi nment the R-245fa/HF ratio of #8e feed m xture is indicated by
for exanple P. The first 25 distillation stage is operated at for exanple
a pressure of Q and thus the R

12 245fa/H ratio of the first distillate is indicated by R
Ther ef ore, t hsulfstartiallpdteecfrom HF is pbtaihett fromrthbdottatreproduct 2ht i al |y free
fromR-245fa. Then, the first distillate is subj ected to the second

distillation stage The®RL246f#HP rixfte @3 Whichds bafineed with the reflax 49rmapbeS
so that the R-245fa/HF ratio of the second distillate is T. As clearly 5

seen, R > dl afé%y&lﬁgﬁtgftﬂéfééﬁ ﬁagw 9@61?& sﬁbﬂllizétftéﬂﬁeomﬁt eﬁbﬁnétidnfénﬂa?ﬁ 1sdsage

can be ma stantia free fromH _ e sixth
o e oA RSO A SRR eI
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ratio oft the ;tljéhsés alkaline washing or water' washing so that R-245fa may be recovered.
Inthis embodiment, since most of HF of which amount in the feed mixture
is relatively large is not distilled off but obtained-as the first bottom product 130f -
the first distillation stage 1, there is provided an advantage as to the energy
10 consumption. - Further advantages are in that when the operation pressure of the
first distillation stage is higher, less amount of HF has to be distilled off in the first
distillation stage (and thus a concentration of HF of the first distillate 7 is reduced,
and also an amount of HF obtained as the first bottom product is increased), and
. that when the operation pressure of the second distillation stage is lower, a less
15 amount of R-245fa only has to be distilled off in the second distillation stage 3 (and
thus a concentration 6f R-245fa of the second distillate 15 is reduced; and also an -
amount of R-245fa as the second bottom product 21 is increased).
Since the pressure dependén'gy of the azeotropic phenomenon of the R-
245fa and HF shows a maximal point, there are two different operation pressures
20  which provide the same azeotropic composition. Thus, alternatively, it is possible-
to operate either or .both of the distillation stages at the higher operation pressure -
which distills off the same azeotropic mixture as the lower operation pressure.
Fo.r example, the first distillétion stage is operated at a pressure of about 7
kglcmz-G and the second distiliation stage is operated at a pressure of about 10

25 kglem*G. Also, the contrary manner to the above embodiments may be used



distillate is smaller than the R-245fa/HF ratio of the second distillate.
Rgafe.rrlng.to the graph of Fig. 3, in the sixth enbodinent, the first
distillation stage is operated at for exanple a pressure of S, and the

R. 245fa of the first distillate corregponds to T. Since P> T, the
bottom product of the first 15 distillation stage can be nade
substantially free fromHF. The second distillation stage is

operated at for exanple a pressure of Q and then the R 245/ HF ratio of

the second di(géiit lsypesdiblettd operdteeither osbothiefithé fiestizmid ther secodd distillatiohe
second distillation stage can be made substantially free from R-245f a.

Therefore, | nualss SERRGBbIAMpEESIRAHIbREY tRBAGDBEL B'kghttha)! hTheiefbid, laayi on

20 stages are accor ng to t present invéention, by selecting

operation - the foifcwihg %?nﬁ{l{%@ﬂfér@%glcb%é canigdolR hé oﬂ’1t %Wﬁﬁllwﬂahd be
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R 245ta ~ about 8 kg/cm?®-G; and one of the distillation stages is carried out at an operation
pressure higher'than about 8 kg/cm?-G, and the other is ca.rried' out at an
operation pressure lower than about 8 ‘kg/cmz-G.

The-present process which treats a feed mixture having the R-245fa/HF

10 ratio higher than that of the azeotropic mixture formed at the operation pressure of
the first distillation stage (which feed mixture is referred to as feed mixture 5') may
bé_ carried out using, for example, apparatus which comprises a lower pressure
distillation column (its operation pressure is for example 3 kg/cm?-G) as the first

. distillation stage 1', and a higher pressure distillation column (its operation

15 pressure is for example 7 kg/cm?-G) as the second distillation stage 3'.

The feed mixture 5' is first introduced into the lower pressure distillation
column 1', and the-first distillation stage is carried out in which an azeotropic
fnixture 7' is distilled off, and cooled and condensed by a cooler 9' and a portion of
the condensate is returned ;co a top of the-column as reflux 11'. Since the R- -

20 245fa/HF ratio of the feed mixture to be supplied to the first distillation stage is.
larger than that. .of the azeotropic mixture formed at the operation pressure of the
first distillation stage, substantially all HF which is supplied to the first distillation
stage is dis"cilled'off_with' R-245fa of which amount corresponds to én amount
required to form the azeotropic mixture with the substantially all HF, and the rest of

25 R-245fa is obtained as the bottom product 13" which is substantially free from HF.
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pressure in the range between about 5 kg/cnferr]-G and about 8 .
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not nore than . about 5 kg/cnmferr]-G or not |ess than about 8 _
kg/cnierr]-G The remaining frattiors25'asleich 48 obtaivazbby slibtractifyf theabfiwai¢h
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stage, there is provided an advantage in energy consunption.
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not nore than about 5 kg/cn?-G or not |ess than about 8 ]
product 21' comprising HF. which is substantially free from R-245fa is obtained .

from the bottom of the second distillation stage 3.
In this embodiment,-since-the first distillation stage 1' is operated at an

10  operation pressure lower than the second distillation stage 3', a concentration of
HF of the azeotropic mixture-7' distilled -off from the first distillation stage is larger
than a concentration of HF of the azeotropic mixture 15' distilled off from the
second distillation'stage. Since such R;245faIHF mixture 25' is supplied to the

- second higher pressure distillation stage 3', substantially all R-245fa which is

16 supplied to the second distillation stage is distilled off so as to from the _azeotropic
mixture with HF, whereby the bottom product 19 of the second distillation stage is
substantially free from R-245fa.

In this embodiment, since most of R-245fa of which amoLlnt is relatively
large is not distilled off but obtained as the first bottom product 13'of the first -

20 distillation stage 1_', there is provided an advantage as-to the energy consumption. -
Further advantages are in that when the operation pressure of the first distillation
stage is lower, a less amount of R-245fa only has to be distilled off in the first

- distillation stage (and thus a--concentratidn of R-245fa of the first distillate 7' is
reduced, and also an amount of R-245fa obtained as the first bottom product 13'is

25 increased), and that when the operation pressure of the second distillation stage



kg/cnferr]-G and the second distillation stage is operated at a pressure
in the range 20 between about 5 kg/cnferr]-G and about 8 kg/cnjferr]-G

In this case, since nost of R-245fa of which anmount is relatively larger in
the feed mxture is not distilled off, but2btbtained as the first bottom
product of the first distillation stage, there is provided an

advant age i n energy consunpti on. In one preferable case of
the third enbodi ment, when the R-245fa/HF 25 nole ratio of the feed

m xture i s na igrhighet, miess. afmountofHF enlydiasttolbeadistiliedsoffiirethessecond

14 operated at a pressure in the range between about 5 kg/cnferr]-G
and about 8 (djstillatiofl stage (dnd fugrdlcdiventetion &f HSbf theaidcond istillate $5' is
operated at a pressure not nore than about 5 kg/cn2-G or not |ess

t han about 8 2 i ' { nipRduef 214 of
whi ch anount ﬁéghggﬁ,géﬁg% ?"a?'é‘é’#‘"? (r)\”# gbtégﬁet? Igggh?nggteﬂ?&ébiagsnot diusti 'l ed
of f, but obt a]bg%%g%a?t he first bottom product of the first

distillation ‘here is provided an advantage in energy consunption.
In one preferable cgse of the fourth pref.erabl e emhodi.nment. . -
245f al HF ol e rat i ogﬁfm?'f‘%aggg?ieﬁ?%ﬁﬁ%n'i' 'sr?g§° %?%glgﬁgﬁl%zﬁmqué&p%%%q
distillation . - . . .
having the same compositions may be obtained at different operation pressures
based on the azeotropic phenomenon of the R-245fa/HF system showing the. .

maximal point in the pressure dependency.

10 Effects of the Invention -
By the process of separating/purifying R-245fa according to the present
.invention in which the distillation employihg the azeotropic mixture of the present
invention is used, R—245fa or HF is effectively separated/purified even without the
. conventional alkaline washing or water washing, and separated/purified HF may
15  be re-used or used for other application.
Further, when the present invention is carried out with combining two
distillation stages operated at different pressures, HF and R-245fa are effectively

séparatedlpuriﬂed.

20 Examples
Example 1 (Measurement of va‘por—]iquid-equilibrium of R-245fa and HF)
_ R-245fa ana HF were charged in a bomb at a predetermined ratio, and a
liquid phase sample and a vapor phase sample were obtained after the system
reached the vapor-liquid equilibrium.  As to concentrations of R-245fa and HF,

25 the samples were analyzed.



stage is operated at a pressure.not nore than about 5 kg/cnferr]-G or not
less than 10 about 8 kg/cnferr]-G and the second distillation stage is

operated at a pressure in t he range between about 5 kg/cn2-G and
about 8 kg/cnferr]-G In thgx case, since nost of HF of
whi ch amount is relatively larger in the feed m xture is not

distilled off, but obtained as the first bottom product of the first
distillation stage, there is provided an advantage in energy consunption.
In 15 addition, oTheanaljéivesults (corceptrations df R245fatin trivd % of the liquic

R- 245f a/ HF ratio_ of_ the_fi rst di stillate is_, t_he smal | er amount of HF
only has to bgh4lesiid tRAvaIdr phaskiare sHiéwn below (tHé Baldrickig cohaestrafidhssof a
concentration of H- in the first distillate is reduced, and an anount

of HF is incrlqp ed which is obtained as the first bottom product), and
that the smallef” the R 245fa/HF ratio of the second distillate in the
second 20 distillation stage is, the snmaller anount of R-245fa only has
to be distilled off in the - second distillation stage (thus, a
concentration_of R-245fa in the segaond disti)!|at i s _reduced

e he. abdve TARACCY nETeRsusR AkafRav 1) biuitheask (rel %) Yanes PhASS KBoho),
the feed m xture to be supplied to the first _distillation stsa[gg. Furt her,

HF obtained 25 %8s the bott@rﬁ@roduct may %8 %e-circul at ed tYe reaction
syst em whi ch produces

50 405 . 242 % : 40.1%. .

50 . 420 38.7% 428% .

50. | 4.15 56.1 %- 45.0 %
10 50 o 3.55 - 765% 51.3%

50 : 2.60 : 90.0% - 65.0 %

The above results are shown in the graph of Fig. 5. As obviously seen'
- from Fig. 5, the R-245fa/HF System has the azeotropic point. In the case as
15  shown, the azeotropic temperature.is 50 °C,-the azeotropic pressure is 4.2
kg/cm?G, and the azeotropic composition was R-245fa (45 mol %)/HF (55

mol %).

Example 2 (Relationship between pressure and azeotropic composition)
20 The pressure of the R-245fa/HF-system was variously changed by -
changing the temperaturé of the systém-similarly-to Example 1, and the azeotropic
temperature and the azeotropic composition (mol % of R-245fa) at each 'pressure

were measured: The results are shown in Table below and also in Figs. 1 to 3:



15 R-245fa. R-245fa obtained as the second bottom product (and

R 245fa as the first bottom product if available) nay be used for

ot her predeterm ned application as it is or after being subjected to
conventional purification treatnment. The 23 applications of the products
thus obtained in the distillation stages are generally 5 applicable to

ot her cases which will be explai ned bel ow. When the feed

m xture to be supplied to the first distillation stage contains, in
addi tion to FprasiiRe &gferi=G)Ot Agsoteepio JeRTp. é°¢)t Liquidrervapordesest(mot 3o) o

t he distillate or the bottom product depending on its boilihg point
or its azeotropic poigy w th Hzgsvhen it fornms an3gzeeg ropi c m xture
with -HF. 10 In one preferable case of the fifth enbodi ment, when
the R-245fa/HF le ratio of thg feed mixture isgpmyhe range between
about 0.4 and about "1, the first distillation stage Is operated at a
pressure in the ran et ween about kg/cnferr], about 8

kg/ cn2- G and t he seg?rd; distillati on%sqt age i s operat ed4§t@2°d pressure

not nore than about 5 kg/cnierr]-G or,pot | ess than abqut kg/cnm2-G 15
In one préferable c8R0 of the sixth odi ment, when t%g'%?%%f al HF

nole ratio of the feed mxture is in the range between %bé)g/t 0.4 and about
1, the 67 48.5 %

7.65 70 47.4%
9.00 77 421% -
9.60 80 363% -

10

It is seen from the above results, the azeotropic composition of the R- -

245fa/HF system greatly depends on the system pressure.



first distillation stage IS operated at a pressure not nore than about 5
kg/ cnm2-G-oF not—tess t han about 8 kg/cnferr]-G and the second

distillation sta rated at a pressure in the range between
apout 5 ﬂmﬂ llﬂi@ Wﬁamt 8 kg/cnierr]-G24 20 The
separat i *process as described above in which the

hi gher pressure distillation stage and the | ower pressure disti IIatlon

stage are conbi ned may be carried out under any operation conditions
nmerely provided that t he operati orfClpAMSures are sel ected to provide
the azeotropic conpositions of the distillates which are different

fromeach other. It is of course possible to select 25 nore optinal
operation conditions under considerations of energy consunption

16 and facilqtyp Zeptropic mixture (fonSIstlﬁﬁ%ﬁbgﬁrnthﬂl{ ﬁf;PH ng 3;@odi ti ons

STSEPF|g{fEH|Lgfe o a D0 are Onisect t he higherbOtton]gge£2$|on
ngﬁﬁf;?rfngigﬁg L uf"ﬁ?@fiﬁf&ﬁﬁﬁbgéﬁﬂbgnéﬁ tgeeragge Bgtmeen about 1 5
kg/ cn@- G &nd HobiPre n{: J@t%g/ r?fy { I 3-pen orggl%'f)ané in
which a mixture comprising at least 1, 1, 1, 3, 3-pentaﬂuoropropane and hydrogen
fluoride is subjected to a distillation step so that a distillate is obtained which
comprises an azeotropic mixture consisting substantially of 1, 1; 1, 3; 3-
pentafluoropropane and hydrogen fluoride and a bottom product is obtained which- - -
10 comprises 1, 1, 1, 3, 3-pentaﬂuoropropahe substantially free from hydrogen
fluoride.
3. Aprocess of separatinglpﬁrifying hydrogen fluoride in which a
mixture comprising at least 1, 1, 1, 3, 3-pentafluoropropane and hydrogen fluoride
. is subjected to a distillation step so that a distillate is obtained which comprises an
15  azeotropic mixture consisting substantially of 1, 1, 1, 3, 3-pentafluoropropane and
hydrogen fluoride and a bottom product is obtained which comprises hydrogen
fluoride substantially free from 1, 1, 1, 3, 3-pentafluoropropane..
4. A process of treating' a feed mixture comprising at least 1, 1, 1, 3, 3-
pentafluoropropane and hydrogen fluoride, which process comprises the steps of: .
20 subjecting the feed mixture to a first distillation stage, whereby |
a first distillate is obtained which compriseé an azeotropic mixture - -
consisting substantially of 1, 1, 1, 3, 3-pentafluoropropane and ﬁydrogen fluoride,
and |
a first bottom product is obtained which comprises 1, 1,1,3,3-

25 pentafluoropropane substantially free from hydrogen fluoride whena 1, 1, 1, 3, 3-



The distillation stage(s) may be carried out batch-w se or continuously.
when they are conbined or when a single distillation stage is carried out.

Gener al | n stage(s) is preferably carried out

CQntl nuo “ﬂ T"I Immmmllﬁ no speC|f|c |R%ritation as to the type of the
di stillatisoncapparatus t*o be used d the conventional distillation
apparatus (for exanple, a packed coI um1 a plate col um and so on)
may be used. Optionally, when the synt hesis of R 245fa is carried out

in a liquid ppentefluerapropame/hydrogers fluotide rafio ofithe feedimixture isdaiger thanithed,

with a reactor. In one concrete enbodi nent, fluorination of
pent achl or opr ppRIg; 3-pentafluoroproparé/inydrogen fiiorde patioobiMbetfirstadistilate Asrfafirst
produced is di 'st'i Il ed off froma distillation colum which al so

functions as gotdif lf] ctis obtalne@ﬁlhich'\&diﬁpl}‘lﬁs t%rbyeﬂﬂu@iﬂe sUBsthntiginy free

In Fig. 4, there | ematically shown a flow’'sheet of one enbodi nent of

20 e, com! g ?T"?L?f A forBfope I B8 C8ha Gi ottt ation
dglgm ]5h rqﬁ?ﬂﬁ*p&?@e@ne&ﬁmaé@ ﬁﬁ%eer#*fos?%‘?ew@“@?é’ Eetialerhandng
Wi ch 15 a 1 ohel b CoReReBUTPORAPISPSRR IR 3 ws@sf%%sw@e% @Ee ’
[)neXt ure 5 whieh CO”ELLJ%%?mS t'chc-lz 1‘Q %%E:llslt_\;ilaztdé&st];% ggc%nla":d|stﬁlg%o];163%agemw)i(1tlc'f1r g My
operated at a pressure which is different from that of the first distillation stage;-
whereby
10 a second distillate is-obtained which combrises an azéotropic mixture.
consisting substantially of 1, 1, 1, 3, 3-pentafluoropropane and hydrogen fluoride,
and
a second bottom product is obtained which comprises 1, 1, 1, 3, 3-
. pentafluoropropane substantially free from hydrogen fluoride when the1, 1, 1, 3,
15 3-pentaﬂuoropropanelhydrogeh fluoride ratio of the ﬁfst distillate is larger than the
1, 1, 1, 3, 3-pentafluoropropane/hydrogen fluoride ratio of thre second distillate,-or
a second bottdm product is obtained which comprises. hydrogen fluoride
substantially free from 1, 1, 1; 3, 3-pentafluoropropane when the 1, 1, 1, 3, 3-
pentafluoropropane/hydrogen fluoride ratio of the ﬁrst distillate is smaller than the
20 1,1, 1, 3, 3-pentafluoropropane/hydrogen fluoride ratio of the second distillate.
5. The proceés—acCordin'g-to.claim 4 whereinthe 1, 1, 1, 3, 3-
pentafluoropropane/hydrogen ﬂuoride_ ratio of the feed mixture is larger than the 1,
1,1, 3, 3-pentaf|uor6propanelhydrogen fluoride ratio of the first distillate énd also

larger than the 1, 1, 1, 3, 3-pentafluoropropane/hydrogen fluoride ratio of the

.25 second distillate, and the 1, 1, 1, 3, 3-pentafluoropropane/hydrogen fluoride ratio
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for exanp | | uent froma reaction system which produces

R- 245f a o”ﬂlﬂlj"ﬁmﬂuﬂﬂe’ﬁmom any other source provided that it conprises
R- 245fa an LM s The feed ma2gure 5 is first introduced into
t he hi gher pressure colum 1 (its operation pressure is for exanple
about 7 kg/cnferr]G which is operated so as 5 to distill off the

azeotropic mxture of R 245fa and HF, and the first distillate 7
conpri si ng t lef tiea first dextillatenis > smulier tisarcthe £,d1,bly 3, Bepemaflwroprapaniefhydrogen

condensed. A portion of the condensate is returned to the top of the
colum as th@f\ft{l’bﬁaé%ﬁééf%second distillagecarry out the first distillation
stage. Wien the R-245fa/HF ratio of the feed m xture to be supplied

to the first disti Ié_a{tﬁg pgé@%r«%eé%g% E&Elairﬁﬁr\mﬁ&‘aei 4 ’fﬁltﬂg‘;’_:;lo ratio

of the azeotropic nx _ ion pressure of the first
o et o0 oot B Ao eof R st i
Subst anti 31 1 ' de 31 PrRANEAUISproPARe T GRILHURR fStREH MR st glaflierand
of the hi gheralgé gﬁfcéxlljlre;a tho.lainstthieI 1I ,qlt, i1(,)g, g-%lelﬁggﬂu%ropropanelhydrogen fluoride ratio of
the second distillate, and.the 1, 1, 1, 3, 3-pentafluoropropane/hydrogen.fluoride
ratio of the first distillate is larger-than the 1,. 1,1,3, 3-
pentafluoropropane/hydrogen fluoride ratio of the second distillate.
10 7. The process according to claim 4 wherein the 1, 1, 1, 3, 3-
pentafluoropropane/hydrogen fluoride ratio of the feed mixture is between the 1, 1,
1,3, 3-pentafluoropropahelhydrogen fluoride ratio of the first distillate and the R-1,
1, 1, 3, 3-pentafluoropropane/hydrogen fluoride ratio of the second distillate, and
-the 1, 1,1, 3, 3-§entaﬂuoropropanelhydrogen fluoride ratio of the first dist_illate is
15 largerthanthe 1,1, 1, 3, 3-pentaﬂuoropropanelhydrogen fluoride ratio of the'
second distillate.
8. The process according to.claim 4 wherein the 1,1, 1, 3, 3-
pentafluoropropane/hydrogen fluoride ratio of the feed mixture is between the 1, 1,
1, 3, 3-pentafluoropropane/hydrogen flueride ratio of the first distillate.and the 1,1,
20 1, 3, 3-pentafluoropropane/hydrogen -ﬂﬁoride ratio of the-second distillate, and the
1, 1, 1, 3, 3-pentafluoropropane/hydrogeri fluoride ratio of the first disfillate is
smaller than the R-245fa/HF ratio of the second distilléte.
9. The process according to claim 5 the first distillation stage is operated
at a pressure in the range between 1 kg/cm?-G and 4 kg/cm?-G or in the range

25 between 8 kg/cm?-G and 20 kg/cm®-G, and the second distillation stage is



15 A Temai ming fraction 25 bal anced with the reflux 11 returned
to the olum 1 is supplied to the second distillation
stage 3 (| mmm'"a"' ﬂlnnm pressure is for exanple about 3 kg/cnferr]-Q
as fee *m&turemx Assoy the second 27 distillation stage i s operated
SO as to distill off the azeotropic mxture of R-245fa and HF as the
second distillate 15. As in the first distillation stage, the second 20

distillate 15 is cooled by the cooler 17, and a portion of the cool ed
di stillate i pperated ated Weeedrdmthetmng@beMkaglu’n’eG drite8 kgfamfxG19. Since

the second distillation stage is at the operation préssure which is
lower than that of {fie Thé atrocsasgtadcbﬂimgtb claim 6 whéxfn tHersRdififfdtiin-taget i 0
of the second distillate is smaller than that of the first distillate

so that substay ?%téﬂa%' ﬁr’é.ﬂ‘tﬁéhédg%dbétweewﬂeg/gﬁ Bfa Y kybirelo it

25 forns the a ure Wi t subst an Thus'
R- 245f a whi c

subst anti al | 3“?538@? gfﬁtlll-ﬁt' gs@gﬁ,ﬁ qugrqt?g r%t ?rPJe%%‘{’F d?n“b‘? %b%een o
fecycl od B0 NUOTEGHARY & kalGrEc: oindRefgfer babeen Aol andaf Rbiefs
stage 1 as 11. The process according to claim 7 wherein the first distillation stage
is operated at a pressure in the range between.4 kg/cm?G.and-8 kg/cm*G, and
the second distillation stage.is operated at a pressure in the range between 1
kg/cm?-G and 4 kg/cm?G orin-the-range between 8 kg/cmG and-20 kg/cm?-G.
10 12. The process according to claim 8 thefirst distillation stage is

operated at a pressure in the range between 1 kg/cm?-G and 4 .kglcmz-G or in the

range between 8 kg/fem®G and 20 kg/cm?-G, and the second distillation stage is

operated at a pressure in the range between 4 kg/cm?-G and 8 kg/cm?-G.

13. A process of separating/purifying 1, 1, 1, 3, 3-pentafluoropropane

15  and/or hydrogen fluoride wherein any one of the processes claimed in claims 4 to.

12 is used.



shown. Alternatively, since the m xture contains nuch less HF relatively to
the 5 feed mixture 5, HF is renpoved fromthe mxture by the conventional

t r eat ment such as al kal i ne washi ng or water washing so that R-245fa
may be recovered. In this eapodi nent, since nost of HF of

whi ch amount in the feed m xture is relatively large is not distlled
. off but obtained-as the first bottom product 13 of the first
distillation stage 1, there is provided an advantage as to the energy 10
consunption. Further advantages are in ABSTRAGIh the operation pressure of

t he first distillation stage is higher, |ess anmount of HF has to be
distilled off in the first distillation stage (and thus a
concentration of HF of the first distillate 7 is reduced, and al so an

anount of HF obtain L Said

t hat when t he oper aﬁﬁoﬁééé@g@% Qﬁ&tfﬂsﬁ gﬂgﬂ ‘cérﬁlétﬂﬁ on ;féjﬁétla“?:bg 1I' g)(/ve'r
a less sti f h cond
distillati onagogg ﬁ%’ %E’g“g%"ﬁllﬁ°ﬁhﬁ@?{ﬁeat |Fl&lr§ﬁ%lr O‘heﬁgfépg\d%

second distillate 15.is reduc anount, of R-245{a as, the
second botd onpracsaaefseeafagnsﬁw@aegé?ﬁgfa ahdlor H from adnidiregemRteiag R
dependency of the azeotropic, phenomenon of the 245fa and HF shows
a maxi mal poi #5faand HF wherejthe mixtyre compsising 1»011 b%@&ﬁ@@ﬂquprmn@rand
provide the sane azeotropic composition. Thus, alternatively, it is

- possi bl e hydrogen fluositie ie subjectest torsdistiltationrstepisotthat. adistilatetisgbtainedt he
hi gher operation pressure which distills off the sane azeotropic

m xture as t hwhiohveomprisesithecazeotopitmixture consisting substantially of 1, 1, 1, 3, 3-
pentafluoropropane and hydrogen fluoride, and-a-bottom product is obtained.. -

10 which comprises separated/purified 1, 1, 1, 3, 3-pentafluoropropane or hydrogen

fluoride..



For exanple, the first distillat.ion stage is operated at a pressure of
about 7 kg/cnferr]-G and the second distillation stage is operated
at a pressure of about 10 25 kg/cn2-G Al so, the contrary manner to the
ahove enbodi nents may be used

19 ~ (i.e. it is possible to operate either or both of the first and
the second distillation stages at an operation pressure higher than
about 8 kg/cnierr]-G. Therefore, any of the:follow ng enbodi nents

may be carried out: The both of the distillation stages are carried

out at an operation pressure |ower than about 8 kg/cnferr]-G the 5 both
of the distillation stages are carried out at an operation pressure higher
t han about 8 kg/cnierr]-G and one of the distillation stages is
carried out at an_operation pressure higher than about 8
kg/cnferr]-G antt¥helot her is carried out at an operation pressure
| ower than about 8 kg/cnferr]-G ffect of PressUté- pr-esent process which
treats a feed m xture having the R-245tfa/HF 10 ratio higher than that of

t he azeotropic ni &3.00 e first
distillation stage (which feed mxture is referred to as feed mxtdre 5')
may be carried oyt using, for exanple, apparatus which conprijses a

| ower pressure

50. 000

Mol % of R-245fa
S
o
8

30. 000 - - ~=-1~---~ R SRGnEEEEEEEREERE R e

20. 000 ' B T : T : .
2.000 D 4.000 6.000 8.000 10,000

Pressure (kg/cm?-G)

1/5



disstillation colum (its operation pressure is for exanple 3 kg/cnferr]-Q

as the first distillation stage 1', and a hi gher pressure
distillation colum (its operation 15 pressure is for exanple 7
kg/cnferr]-G as the second distillation stage 3'. The feed

m xture 5 is first introduced into the | ower pressure distillation )
colum 1', and the-first distillation stage is carried out in which an
azeotropic m xture 7' is distilled off, and cool ed and condensed by
a cooler 9° and a portion of the condensate is returned to a top of
the-colum as reflux 11'. Since the R 20 245fa/HF ratio of the feed

m xture to be supplied to the first distillation stage is | ar ger
than that of the azeotropic mxture forned at the operation pressure of the
first distillation stage, substantially all HF which is supplied to the
first distillatiFfHg. 2 stage is distilled off with R-245fa of which
anount .corresponds to an anount required to formthe azeotropic

m xture with the substantially all HF, and the rest of 25 R 245fa is

obt ai ned as the bottom product 13" which is _substantially free from HF.

20 The remai ni ng fra&fieshobBresgren i s obt ai ned by
subtracting the éo‘?deJX 11 .

50. 000--
N

Mol % of R-245fa
. |
(=]
S

30. 000

20.000 ' Al ‘I' A . ' |
2.000 - 4,000 6.000 8.000 10.000
Pressure (kg/cm?-G)

2/5



fromthe first distillate 7' is .supplied to the second distillation stage
3" as a feed m xture. Also, in the second distillation stage, an
azeotropic mxture is distilled off froma top of the colum as the
second distillatel5 . As in the first distillation . 5 stage, the
distillate is cooled by the cooler 17' and a portion of the cool ed

distillate is returned to a top of the colum as reflux 19'. Further,
t he second bottom product 21' conprising HF which is substantially
free fromR-245fa i s obtained fromthe bottomof the second
distillation stage 3'. In this enbodi nent, since the first
distillation stage 1' is operated at an 10 operation pressure |ower than
the second distillation stage 3', a concentration of HF of the
azeotropic mxture 7' _distilled off fromthe first distillation stage is

| ar ger t hadM %= cdncentration of HF of the azeotropic mxture 15
distilled off fromthe second distillation stage. Since such
R-245fa/ HF m xture 25' is supplied to the second hi gher pressure

distillation stage 3', substantially all R-245fa which is 15 supplied to
the second distillation stage is di stEffectdfdressureas to fromthe azeotropic

m xture with HF, oebv the bottom product 19 of the second distillation.
stage is subsStantially free fromR-245fa. In this
enbodi ment, since nost] of R-245fa of which anmount is relatively | ar ge

is not distilled off Hut obtained as the first bottom product 13" pf the
first 20 distillatign-stage-1*5-"therei~s-provi-det arr-advantage-ap to the
ener gy consunption. :

50,000~ =========m== == m o e m e m e e 4
o
8 R_ ___________ -T _______________________________ -
S P
o
T 40.000~===m = e e N e
R
- T
=

30,000~ o mm e fmm e e e
S N I A o
20.000 L S T QL T — :
2.000 4.000 6.000 8.000 10. 000

Pressure (kg/cm?*-G)
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Further advantages are in that when the operation pressure of the first

distillation stage is lower, a less amount of R-245fa only has to be
distilled off in the first distillation stage (and thus a
concentration of R-245fa of the first distillate 7' is reduced, and

al so an amount of R-245fa obtained as the first bottom product 13" is . 25

i ncreased), and that when the operation pressure of the second distillation
st age 21 3" is

hi gher, a | ess ambunt of HF only has to be distilled off in the second
distillation stage (and thus a concentration of HF of the second distillate

15" is reduced, and al so an anmount of HF obtained as the second
bottom product 21' is increased). 5 As in the above
explanation, it is also possible to utilize that distillates havi ng

the same conposFigend nmay be obtained at different operation pressures
based on the azeotropi c phenonenon of the R-245fa/HF system show ng the
maxi mal point in the pressure dependencygpg (23

R-245fa/HF azeotropic mixture

R-245fa/HF azeotropic mixture

17-(17")
M9 (197
(11
—_—>
HF/ 4 _
R-245fa—§——> . . .
mixture higher pressure lower p.ressu:e .
5 (5 1~ distillation column 1 A dl?tl“_atlon column
(lower pressure (t:ug_her_ pressure .
i distillation column 1') distillation column 3')

13 HF

(13" R-245fa) '
21 R-245fa

(21' HF)

4/5



10 Effects of the Invention . By the process of
separating/purifying R-245fa according to the present i nvention in
which the distillation enploying the azeotropic mxture of the present
ifivention is used, R-245fa or HF is effectively separated/purified even
wi t hout, t he conventional alkaline washing or water washing, and-
separated/purified HF may 15 be re-used or used for other application.
Further, when the present invention is carried out with conbining two
distillation stages operated at different pressures,. HF and R 245fa are
effectively separ at ed/ puri fi ed. 20 Exanpl es

Exampl e 1 (Measurenent of vapor-liquid equilibriumof R-245fa and HF)
R-245fa and HF were charged in a bonb at a predetermned ratio, and a

| i qui d phase sanpl e and a vapor phase sanple were obtained after the system
reached the va@&gdiQund equilibrium As to concentrations of R-245fa and
HF, 25 the sanples were anal yzed. :

Vapor-Liquid Equilibrium

100

Mol % of R-245fa in Vapor Phase

0 100 .
Mol % of R-245fa in Liquid Phase

5/5



The anal ysis results (concentr atji &ﬁgLI})CtEMg_N;Aﬁ@EETi n mol %

_ <23f2 1 f:é liquid por ase) ar el shown bel ow (tHe |bal ances
ot 9§ 03 W RS PR s
% 01% 2 hoSED3NA"2 g, G2
42. 8% 50 4. 15 56. 1% 45. 0%
ég 50 .95 76.5 % 51.3 %

The above r gnsxﬁufes f%gfrogn g ﬁoer yPlca! ﬁe gr zﬁ( % terpple_ratureg an e?%rﬂosr?syagee%hnown
15" Shovn, - PRISVEYEIFT ¥t ?éﬂie%éiéiﬁﬁiﬁré@?o%ﬁ* ?@%ﬂ%ﬂg@tg&%p‘."ﬂep?iiEU?Z
ImSSI 4%?/ -y 55kg/ cn e:nr)} % and the azeotropic conposition was R-245fa (45.
Pressure - Azeotropic Azeotropic Composition
5 (kg/lcm*gauge) Temperature (°C) (mol % of R-245fa)
2.95 0 - 345
3.50 45 . 40.8
4.20 50 45.0
5.80 60 48.2
10 7.00 67 48.5
7.65 70 47.4
9.00 77 | 421
9..60 80 36.3
15 The above azeotropic mixture has been found for the first time by the
present inventors.
The azeotropic mixture can be used as reflux of a distillation step in which
R-245fa or HF is separated/purified from a mixture comprising R-245fa and HF.
In the distillation step, the mixture containing R-245fa and HF at any ratio of
20 R245fa/HF is supplied to the disti_lling step as a feed, and R-245fa and HF are
distilled off from the distilling step as an azeotropic mixture and a bottom product
is obtained which has a higher or lower R-245fa/HW :
R245falHF ratio of the feed, whereby effective separation/purification of R-245fa
or HF is possible.
25 That is, the present invention provides a process of separating/purifying 1,



Exanple 2 (Rel ationship between pressure and azeofropic conposition) 20
The pressure of the R-245fal/ HF-system was vari QUREPLATFMENTOSHEET

changi ng the tenperature of the system sinilarlly pe—bBarple—t— and t he
azeotropic tenperature and the azeotropi ( ﬁon?gs#é%gé mpl | % of
‘R-245fa) at each pressure were neasyjed. §T S elshown in
Tabl e below and also in Figs. 1 to 3:
23 ; Pressure (kg/cnferr]-G Azeotropic Tdnp. ([err]C) Liquid & Vapor
Phases (mol % 2.95 48 34.5 %
3.50 ~
0 1,1,3,3 6§gtagug;op§opane or hydrgﬂgla?lucfﬁde in which a mu%tbl?é)compnsmg

0
é‘%é A atleast 1, 17.8lO 3, 3-pentaﬂuoropropa§1§7grlg t%drogen fluoride agéao%eé)ls
77 . 42. 1 % . . . . . . .
36.3 % subjected to a &‘lstﬁ]atlon step so thatga g%tlllate is obtained whuc?wocompnses an

azeotropic mixture consisting substantially of 1, 1, 1, 3, 3-pentafluoropropane and
5 ﬁydrogen fluoride and a bottom product is obtained which comprises
separated/purified 1 ,.1, 1, 3, 3-pentaflucropropane or hydrogen fluoride.

The feed which can be used in the present process comprises at least R-
245fa and HF, and in a preferred embodiment, the feed consists substantially of
R-245fa and HF. In the latter embodiment, the azeotropic mixture is substantially

10 distilled off and R-245fa which contains substantially no HF or HF WhiCh contains
substantially no R-245fa is obtained as a bottom product. Optionally, the feed
may contain other component such as 1, 1, 1, 3, 3-pentachloropropane, 1, 1, 1,
3-tetraluoro-3-chloropropane and so on. Such other component(s) is merely

- distributed to the distillate or the bottom product depending on its boiling point at

15  an operation pressure of the distillation step and an azeotropic temperature of the
other component and HF if they form ano_ther azeotropic mixture. As a concrete
example, the feed may be a reaction mixture obtained upon the production of R-
245fa from pentachloropropane and HF.

When a ratio of R-245fa/HF of the feed is smaller than that of an

20 azeotropic mixture which is formed at an operation pressure of the distillation step,
a distillation bottom product comprising HF which is subétantial!y free from R-
245fa (or which contains substantially no R-245fa) is obtained by a dlst;llaggagm "
operation in which a distillate comprising an azeotropic mixture of R-245fa and HE,
and a portion of the distillate is used as reflux.

25 To the contrary, when the ratio of R-245fa/HF of the feed is larger than



10 It is seen fromthe above resul{s, the azeotropig
conposition of the R 245f a/ HF system gr eat | pEPUROEMENT SHEET
pressure. 24 .
1. An azeotropic m xture consisting substantial]y Of‘lé’SEi"l 3
.pent af | uor opr opane and hydrogen fluoride. g 5 . R%r
separating/purifying 1, 1, 1, 3, 3-pentafluoropfopane.in
m xture conprising at least 1, 1, 1, 3, 3-pentatl uoropropane and hydrogen
fluoride is subjected to a distillation-step so st S

obt ai ned whigghy of the afe%ﬁ%? lﬁg_&u@\evﬁiéﬁ‘?% gtﬁﬁ{;ﬁ é‘?tﬁé‘Hp&%ﬁ%@%ﬁﬂfé of the

?Fbstagtialgy 0 uor op ydrogen
i - i ' ilch, .1 '
5 3" pent ar 141V BAPb3IRE < Glatich SRidh BréukvBlieh iRty & sl @
which contains substantially no HF) is obtained by a distillation operation in which
is obtained

the distillate comprising the azeotropic mixture of R-245fa and le, and a portl'on of

5 the distillate is used as reflux.

In the separation/purification process according to the present invention
as described above, operation conditions are not particularly limited, but
appropriately selected depending on a feed composition, an aimed
separation/purification extent, utility conditions (for example, a cooling

10 temperature' of the distillate, a heating temperature at the bottom of an distillation
apparatus and so on), and apparatus limitations (for example, pressure resistance
of the apparatus and so on). For example, the operation pressure may be
generally in the range between 1 kg/cm?-G and 30 kg/cm?-G, and preferably 1

- kg/cm?-G and 20 kg/cm?3-G.

15 ' .Based on the data 6f the above azeotropic compositions, it has been
further found for the first time that the azeotropic composition of R-245fa and HF
considerably greatly changes depending on a pressure of the system. According
to the extensive studies of the preéent inventors, it has been clarified that the
azeotropic phenomenon of R-245fa and HF shows a maximum vaiue of the R-

20 245fa/HF ratio of the azeotropic composition at a system pressure of about 7
kg/cm?-G, and in the vicinity of that pressure, the R-245faIHF ratio of the
azeotropic composition depends relatively less on the system pressure.

| By using the system pressure dependency of the azeotropic phenomenon,
there is provided another process in which R-245fa and/or HF is

25 separated/purified by processing the mixture comprising at least R-245fa and HF.



3. A.process of separating/purifying hydrogen f '

m xture conprising at least 1, 1, 1, 3, 3-pent fRMEMBﬂEr&!’lEﬁﬁd hydr ogen
“fluoride i's subjected to a distillation sfep so that a fiptillate is
obt ai ned which conprises an 15 azeotropic Xt i hg
substantially of 1, 1, 1, 3, 3-pentafluorgpropfng ?ng SEF“%% hydr ogen
fluoride and a bottom product I s obtained whiclh &enprses—hye-0gen
fluoride substantially free from1, 1, 1, 3, 3jpentafl uoropropang.
4. A process of treating a feed m xture conprising at reast I, I, 1, 3, 3-

ent af l uoropro .
e g oP panen.?égj s, ] Qté’% OWF fﬂ‘xtﬁggﬁtgﬂf 898ed RTINS BSmpRgingt eps

ngt a Irst distillation

comr | ses. aftIEAS{Y 24PR AR HE, whic prdbedl ShinpliSef @B trnal, IO EY, ) )
{1 o1 " bot  om pr oouDIRGINGNg THEA RIRER WA i dliaon téE. whereby 5 °

ent af | uor opropane substantially free from hydrogen fl uo nal, 1,
?, 3, 3- Prop & first distillate is gbtaine which co%pns S an azeo{roplc mlx?ure

5 consisting substantially of R-245fa and HF, and
a first bottom product is obtained which comprises R-245fa substantially
free from HF when an R-245fa/HF ratio (for example, a molar ratio, a mole
percentage of R-245fa based on sum of R-245fa and HF and so on, herein after
which may be referred to as rrierely "ratio”) of the feed mixture is larger than the
10 R-245fa/HF ratio of the first distillate, or a first bottom product is obtained which
comprises HF substantially free from R-245fa when the R-245fa/HF ratio of thel
feed mixture is smaller than the R-245fa/HF ratio of the first distillate, and
subjecting the first distillate to a second distillation stage which is
. operated at a pressure which is different from that of the first distillation stage,
15  whereby
a second distillate is obtained which comprises an azeotropic mixtute
consisting substantially of R-245fa and HF; and
a second bottom product' is obtained which comprises R-245fa
substantially free from HF when the R-245fa/HF ratio of the first distillate is larger
20 - than the R-245fa/HF ratio of the second distillate, or a second bottom product is
obtained which comprises HF substantially free from R-245fa when the R-
245fa/HF ratio of the first distillate is smaller than the R-245fa/HF ratio of the

second distillate.
second,

By recovering the first and/or the{bottom products, R-245fa and/or HF are

25 separated/purified. Namely, the present invention provides a process to



pent af | uor opr opane/ hydr ogen fl uori de ratio of th

| ar ger
than the 1, 1, 1, 3, 3-pentafl uoropropahe ¥6rifde ratio
of the first distillate, or a first ) bot ofn product is optpi ned

whi ch conprises hydrogen fluoride substantially fré¢e 16 SEP 9o rpn 1, 1, 1,
.3, 3-pentafluoropropane when the 1,1, 1, 3% 3- 5

pent af | uor opr opane/ hydrogen fluoride ratio of th s pmal | er
t han the 1, 1, 1, 3, 3-pentafluoropropape/ hydrogen fluorife ratio
of the first distillate, and . subjecting the tirst

distill ate tineaxezonddistiation statjd whichlioperdied at for example a pressuretsfd sb a
pressure which is different fromthat of the first distillation stage,

uhereby . fiatthe R-245fa/HF FfioUidnesatond aisfllaie i@ Bl 2 AR clodly S80S lavger an

~azeotropic mxture consi sting substantially of 1, Jabion stage

- fl h ' Jiat
e LA LS AT W o ot of e

pent af | uor oprogane,substanti ally tree from hydrogen fluoride when the |, 1,
1, 3, 15'“383-5[5'9ﬁtja$\§'Pﬁ\3h83rf rtg'fhydr ogen fluoride ratio of the first
distillate is larg

th t . 1, 1,. 3, . . .
3- pent af Buor opr opaﬁ'&%ﬁaﬁn‘iﬁgsﬁmpﬂ%‘m% 0%31‘? eopbined separatipn/pyification; o or

a second bottom product is obtained which comrises hydrogen fluoride
subst ant i al | process ace@iging tojthepresentinyention: itis charastriizedindhatthe R- 1, 1,
i sti11ate (245 eatia ohietfeed mxtUre is irger than the R-245fa/HF ratio of the frst
distillate and also larger than the R-245fa/HF ratio of the second distillate, and the
R-245fa/HF ratio of the first distillate is smaller than the R-245fa/HF ratio of the
10 second distillate.

Referring to the graph of Fig. 1, the second embodiment is the same as
the above first embodiment except that, in the second embodiment, the second
‘distillation stage is operated at for example a pressure of F, and the R-245fa/HF

- ratio of the second distillate is then G (tﬁus, G > C), so that the bottom product of
15 the second distillation stage can be substantially free from R-245fa.

In the third embodiment of thé combined separation/purification process
according to the present invention, it is characterized in that the R-245fa/HF ratio
of the feed mixture is smaller than the R-245fa/HF ratio of the first distillate and
also smaller than the R-245fa/HF ratio of the second distillate, and the R-245fa/HF

20 ratio of the first distillate is larger than the R-245fa/HF ratio of the second distillate.

This embodiment is easily understood with reference to the graph of Fig.
2 which is substantially the same as the graph of Fig. 1. In the third embodiment,
the R-245faIHF ratio of the feed mixture is indicated by for example H. The first

distillation stage is operated at for example a pressure of |, and thus since J > H,

25 the R-245fa/H ratio of the first distillate is indicated by J. Therefore, the first



20 1, 1, 1, 3, 3-pentafl uoropropane/ hydrogen f} A@EME’NT' QHEﬁ he second

distillate. 5. The process acdorms 4 Jwherein
the 1, 1, 1, 3, 3- pent af | uor opr opane/ ycro en fluoridé fatio of
the feed mixture is larger than the 1, 1, 635EP 1998

~3- pent af | uor opr opane/ hydr ogen fl uori de raiq o of {tHe f| rst distilfl ate and

al so | arger than the 1, 1, 1, 3, 3-pentfafl uor opr opanel hydrogen
fluori'de ratio of the 25 second distillatés—and-the 1 __1. 1} 3,

3- pent af | uor opr opane/ hydrogen fl uoride ratio 26 - of the first
distillate ibottdfmptoduct ban behhade stibstantidlly ffee fronnR-245fapr Thencthe/firsbgen
fluoride ratio of the second distillate. 6. The process

according t ‘aléﬂllﬁtéﬁsdsdﬂg'@étéd'?om@séconh dlétlllaibon%tage which is operated at for
pent af | uoropropane/ hydfogen fluoride ratio of the feed m xture is smaller

than the Ii'rml% a e;i'res%are?bfﬂ? 86 ‘tﬁét‘tﬁé ?QB’%W# Wﬂﬁc?}r?&ﬁﬁefééé%hu‘i’ﬁstﬂ@ié B’ of

the first dlsta I'so smal 'er than t
et 0GP L et f e e
rati o of th?n;cliéghb& haﬁy reefromm;ger than the 1, 1, 1, 3,

In the fourth embodiment of the combined separation/purification process
according to the present invention, it is characterized in that the R-245fa/HF ratio
of the feed mixture is smaller than the R-245fa/HF ratio of the first distillate and
also smaller than the R-245fa/HF ratio of the second distillate, and the R-245fa/HF

10 ratio of the first distillate is smaller than the R-245fa/HF ratio of the second
distillate.

Referring to the graph of Fig-.Fz-,. the fourth embodiment is the same as the
above third embodiment except that, in the[%'er&'embodiment, the second

. distillation stage is operated at for example a pressure of M, and the R-245fa/HF '
15 ratio of the second distillate is then N (thus, N > J), so that the bottom product of
the second distillation stage can be substantially free from R-245fa.

In the fifth embodiment of the combined separation/purification process
according to the present invention, it is characterized in that the R-245fa/HF ratio
of the feed mixture is between the R-245fa/HF ratio of the first distillate and the

20 R-245fa/HF ratio of the second distillate, and the R-245fa/HF ratio of the first
distillate is larger than the R—245faIHF'ratio of the second distillate.

This embodiment is easily understood with reference to the graph of Fig.
3 which is substantially the same as the graph of Fig.-1. In the fifth embodiment,

the R-245fa/HF ratio of the feed mixture is indicated by for example P. The first

25 distillation stage is operated at for example a pressure of Q, and thus the R-
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pent af | uor opr opane/ hydrogen fluoride ratio of the skcpnd arstillat &
- 7. The process according to claim4 wherein the 1, [, 1,46 SEP 1998
pent af | uor opr opane/ hydrogen fluoride ratio of the fgefd mxture is b

the 1, 1, 1, 3, 3-pentafl uoropropang/ hydrogenjfl ' '
first distillate and the R-1, 1, 1,'“3, 3-pentffl uoropropane/ hydrogen
fluori.de ratio of the second distillate, and e~ T, I, 3 '

3- pent af | uor opr opane/ hydrogen fluoride ratio of the first distillate is 15

I th - ' i
the | ddSRfFredio ot rst etlafé i ThtiaReAY By X BB, e BitiRAeR .
-claim4 whereinthe 1, 1, 1, 3, 3- .

{1 uor | de. r aredust cancbe Giadsubisantially fioe B 2t - THen, the e} aigfiste s
3- pent af | uor opr opane/ hydrogen fluoride ratio of the first distillate and

the 1, 1, aubjected i the segand distlation stagrwhicly is gperated At fereXample &1 t he

second distillate, and the 1, 1, 1, 3, 3-pentafl uoropropane/ hydrogen
fluoride ratgressuretdfeS 6o tisat the R-245farldF iratio of the senondidistillate,is T.neAs c?/early
R-245fa/HF ratio of the second distillate. distilladionhdtdgecess

accor di ng t GegmR™ T ametHus the bbtdom producbof theagezond digtillata-ean be madeat a
pressure in the range between 1 kg/cn2-G and 4 kg/crm2-G or in the range 25

bet ween 8 kadypEtarftialydredfré@/igrierr]-G and the second distillation stage
is :

In the sixth embodiment of the combined separation/purification process
according to the present invention, it is characterized in that the R-245fa/HF ratio
of the feed mixture is between the R-245fa/HF ratio of the first distillate and the

10 R-245fa/HF ratio of the second distillate, and the R-245fa/HF ratio of the first
distillate is smaller than the R-245fa/HF ratio of the second distillate.

Referring to the graph of Fig. 3, in the sixth embodiment, the first
distillation stage is operated at for example a pressure of S, and the R-245fa of the

. first distillate corresponds to T.  Since P > T, the bottom product of the first
15  distillation stage can be made sdbsfahtially free from HF. The second distillation
stage is opgratfed at for example a pressure of Q, and then the R-245/HF ratio of
the seco:;;r%—%is R (thus, R > T), so that the bottom product of the
second distillation stage can be made substantially free from R-245fa. |

Therefore, in the separation/purification process in which the distiliation

20 stages are combined according to the present invenfion, by selecting operation
pressures appropriétely, R-245fa which otherwise would be distribu_ted to the
bottom product is distributed to the distillate as the azeotropic mixture, and/or HF
which otherwise would be distributed to the distillate is distributed to the bottom

product. To the contrary, HF which otherwise would be distributed to. the bottom

25 product is distributed to the distillate as the azeotropic mixture, and/or R-245fa



27 operated at a pressure in the range between 4 kg/lcoferr]-G and 8
kg/cnmerr]-G 10. The process accor qEPIRACEMENT BHPED Wherein
_the first distillation stage i s ‘oper ated af t+rt he range
between 4 kg/cniferr]-G and 8 kg/cn2-G, and | fation
stage is operated at a pressure in the ramge bet\ br{] - G and
4 kg/cnmerr]-Gor in the range between 8 kg/cnfef Emjerr] -G

11. The process according to claim7 wherein thelfirst distillatiop stage

Is operated at a pressure in the range between 4 Ugler—c—art—8—kgr cn2- G

and t hsr Samipie éjté“atctlbh flyent frorva rééctmﬁéﬁ'téiﬁ vifiich ppodifdes R-245f4 bE

range between 1 nerr]-Gand 4 kg/cnmf’err]-G or in the range

bet ween 8 k%%ué rrfrnlrogn ?Hg%ﬂm&(ééﬁgéegﬂcﬁddd that it %Qmé:mses R-Zagfa dh¢ HE. ocess

according to I TSt ation sta perated at a

th
ange botween 8 kg eHeaEiiters 3ElihirGuatey 1 ‘*\5%?%‘%%@@%%% BIfrtEY on
20205 Lt onft oRBGHn Bl 1S BeblE RIS AT WRR bR A0 O,
1, 1, 3, 3- pentafluoropropane 15 and/or h dro en fluoride wherein_ any one
of the pbocdRdistillaftthgareotropicanixure of R-245fa and biF; and theyfirst distillate 7

comprising the azeotropic mixture is cooled by the cooler 9 to be condensed. A

portion of the condensate is returned to the top of the column as the reflux 11 so
as to carry out the first distillation stage. When the R-245fa/HF ratio of the feed
mixture to be-supplied to the first distillation stage is smaller than the R-245fa/HF

10 ratio of the azeotropic mixture at the operation pressure of the first distillation
stage, substantially all of R-245fa is distilled off with HF of which amount is such
that it forms the azeotropic mixture with the distilled off R-245fa, so thaw
is substantially free from remeining R-245fa is obtained as the bottom product 13

- of the higher pressure distillation column 1.

156 - A remaining fraction.25 balanced with the reflux 11 returned to the
distillation column 1 is supplied to the second distillation stage 3 (its operation
pressure is for example about 3 kg/cm?-G) as the feed mixture. Also, the second
distillation stage is operated so as to distill off the azeotropic mixture of R-245fa
and HF as the second distillate 15. As in the first distillation stage, the second

20 distillate 15 is cooled by the cooler 17, and a portion of the cooled distillate is
returnqd to a top of the column as the reflux 19. Since the second distillation
stage-[;ﬁhe operation pressure which is lower than that of the first distillation
stage, the R-245fa/Hf ratid of tﬁe second distillate is smaller than that of the first

distillate so that substantially all HF is distilled off with R-245fa of which amount

25 forms the azeotropic mixture with the substantially all HF. Thus R-245fa which is
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The remaining fraction 25' which is obtained by subtracting the reflux 11
from the first distillate 7' is supplied to the second distillation stage 3' as a feed
mixture. Also, in the second distillation stage, an azeotropic mixture is distilled
off from a top of the column as the second distillate15'. As in the first distillation
stage, the distillate is cooled by the cooler 17' and a portion of the cooled distillate
is returned to a top of the column as reflux 19'.  Further, the second bottom
product 21' comprising HF which is substantially free from R-245fa is obtained
from the bottom of the second distillation stage 3'.

In this embodiment, since the first distillation stage 1'is operated at an: -
operation pressure lower than the second distillation stage 3', a concentration of
HF of the azeotropic mixture 7' distilled off from the first distillation stége is larger
than a concentration of HF of the azebtropic mixture 15' distilled off from the

second distillation stage. Since such R-245fa/HF mixture 25' is supplied to the

- second higher pressure distillation stage 3', substantially all R-245fa which is

Lorm
supplied to the second distillation stage is distilled off so as toLiﬁem.the azeotropic

mixture with HF, whereby the bottom product 19 of the second distillation stage is

| substantlally free from R-245fa

In this embodlment since mbSt of R-245fa of which amount is relatively
large is not distilled off but obtained as the first bottom product 13' of the first
distillation stage 1, thenfg is prowded ap advantage as to the energy consumption.
Further advantages are in. that when fhe operation pressure of the first distillation

stage is lower, a less amount of R-245fa only has to be distilled off in the first

_ distillation stage (and thus a concentration of R-245fa of the first distillate 7' is

reduced, and also an amount of R-245fa obtained as the first bottom product 13' is

increased), and that when the operation pressure of the second distillation stage



