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HYDROGEN FLUORIDE RECOVERY PROCESS.

This invention relates to a hydrogen fluoride recovery process and particularly to a process
for separating hydrogen fluoride from gaseous organic compounds and recovering the
separated hydrogen fluoride. The invention is particularly useful for recovering hydrogen
fluoride from mixtures containing minor proportions, for instance less than 25 % by
weight, of hydrogen fluoride and for recovering hydrogen fluoride from mixtures in which
the organic compound(s) and hydrogen fluoride form an azeotropic or near-azeotropic
composition. A particular embodiment of the process resides in separating hydrogen

fluoride from halogen-containing organic compounds, notably fluorine-containing organic

compounds, and recovering the hydrogen fluoride.

Fluorine-containing organic compounds such as hydrofluorocarbons (HFCs), hydrochloro-
fluorocarbons (HCFCs) and chlorofluorocarbons (CFCs) are often produced by reacting a
halocarbon starting material containing one or more atoms other than fluorine, especially
chlorine atoms, with hydrogen fluoride in the liquid phase or the gaseous phase in the
presence of a fluorination catalyst. The product from such reactions comprises the desired
fluorine-containing organic compound, organic by-products, hydrogen chloride and
unreacted hydrogen fluoride and other starting materials and it is desirable to separate these
materials and recover as much as possible of the hydrogen fluoride for re-use. A proportion
of the hydrogen fluoride usually can be separated and recovered by distillation but the
resulting distillate usually contains residual hydrogen fluonde, especially in cases where
the organic compound(s) and hydrogen fluoride form an azeotrope. This residual hydrogen
fluoride is usually removed from the organic compound(s) by scrubbing the product stream
with water or preferably aqueous alkali and the aqueous scrubbing liquor 1s then disposed
of after appropriate waste water treatment. Whilst aqueous scrubbing 1s an effective way of
removing hydrogen fluoride from the organic compound(s), it tends to be expensive in
terms of hydrogen fluoride loss from the process and it is desirable to separate as much as

possible and preferably essentially all of the hydrogen fluoride from the product stream

before aqueous scrubbing.
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According fo the present invention there is provided, in a first aspect, a process for
separating and recovering hydrogen fluoride from a gaseous mixture of an organic
compound and hydrogen fluoride which comprises contacting the gaseous mixture with a
solution of an alkali metal fluoride in hydrogen fluoride, separating a gas phase depleted in
hydrogen fluoride and containing the organic compound from a liquid phase enriched in

hydrogen fluoride and recovering hydrogen fluoride from the liquid phase enriched in

hydrogen fluoride.

Whilst any alkali metal fluoride may be used, we prefer potasssium fluoride or caesium

fluoride, especially caesium fluoride. If desired, mixtures of two or more alkali metal

fluorides may be employed.

The solution of alkali metal fluoride in hydrogen fluoride may be essentially anhydrous if

desired. As an alternative, a solution of an alkali metal fluoride in aqueous hydrogen

fluoride may be employed.

The mixture of organic compound(s) and hydrogen fluoride being treated may be
essentially anhydrous since anhydrous hydrogen fluoride is essentially non-corrosive.
Where the solution of alkali metal fluoride in hydrogen fluoride is essentially anhydrous,
the mixture of organic compound(s) and hydrogen fluoride is preferably essentially
anhydrous. Whilst water may be present in the process, the advantage of non-corrosivity
associated with anhydrous hydrogen fluoride is reduced by the presence of water. An
aqueous solution however provides the advantage that, for a given concentration of alkali
metal in the solution, a higher level of recovery of hydrogen fluoride from the mixture of
organic compound and hydrogen fluoride may be secured. Accordingly, an anhydrous or

an aqueous solution will be selected according to the particular advantage which is desired

In a given process.

In order to improve the yield of hydrogen fluoride recovered from the said gaseous
mixture, the gas phase depleted in hydrogen fluoride may subsequently be contacted again
with a solution of an alkali metal fluoride in hydrogen fluoride from which a further gas

phase further depleted in hydrogen fluoride and a further liquid phase enriched in hydrogen
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fluoride may be recovered. This procedure may be repeated as often as desired. The first
and, if present, subsequent separation step(s) may suitably be carried out in one or more

mixer/settler units or in a liquid/liquid extraction, for example a packed column as desired.

If desired, a series of bubble columns may be employed for successive separation steps.

The gas phase depleted in hydrogen fluoride may be separated and treated in an appropriate
manner such as by subjecting to distillation, for example in a distillation column, to
recover the organic compound and/or to obtain-a recycle stream for feeding to an upstream
point in the process, for example the reactor in which the desired organic compound 1s
produced. This phase, whilst depleted in hydrogen fluoride, will usually contain some
residual hydrogen fluoride and during distillation to recover the desired organic compound
will typically provide one or more streams containing hydrogen fluoride which may be
recycled. The recycle stream(s) may be fed to the reactor in which the organic compound is
produced, a point upstream of the reactor so as to supplement a feed stock or to a process
stream containing the organic compound, for exémple the mixture of an organic compound
and hydrogen fluoride as described in the first aspect of the invention as desired. Any

hydrogen fluoride which remains in the recovered organic compound can be recovered for

example by distillation or removed by aqueous scrubbing.

The liquid phase enriched in hydrogen fluoride will usually be subjected to a separation
process, preferably distillation, to recover essentially anhydrous hydrogen fluoride
therefrom. The separation may be carried in any conventional separation apparatus
apparatus for example a distillation column, but is preferably carried out in a flash vessel,

for example a single-stage flash vessel which is suitably equipped with a reboiler and

condenser.

The hydrogen fluoride recovered from the liquid phase can be collected for use in another
reaction or recycled to an upstream process step, for example the reactor in which the
organic compound is produced or a suitable feed stock line in the process. This liquid
phase enriched in hydrogen fluoride extracted from the stream being treated will usually
also contain some organic compound(s) extracted from the stream being treated.

Distillation of the phase suitably removes any such organic compound(s) together with
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hydrogen fluoride; this mixture may then be subjected to further separation to remove at
least a part of the hvdrogen fluoride from the organic compound. The organic compound(s)
may then be recycled as described above, for example to the reactor in which the desired

organic compound is produced or to a process stream containing the organic compound.

The solution of alkali metal fluoride in hydrogen fluoride obtained as residue on separating
the liquid phase enriched in hydrogen fluoride to recover hydrogen fluoride can be recycled

to the process and re-used to extract hydrogen fluoride from the mixture being treated.

The amount of alkali metal fluoride in the extractant solution may vary within wide limits,
depending upon the particular organic compound(s) in the mixture being treated and the
solubility of the alkali metal fluoride in the hydrogen fluoride. The efficacy of the recovery
of hydrogen fluoride from the process is influenced by the partial pressure of the hydrogen
fluoride in the gaseous stream depleted in hydrogen fluoride which is 1tself influenced by
the concentration of the alkali metal fluoride in the solution. The overall pressure in the
separation step may influence the efficacy of recovery as variation thereof may, as a result
of a phase change, alter the level of the organic compound in the gaseous phase depleted in
hydrogen fluoride which will thus cause a variation in the partial pressure of hydrogen
fluoride in that phase. As a guide, the concentration of alkali metal fluoride, for example
caesium fluoride, will typically be from about 20% to about 80 % by weight and preferably
not more than about 70%. Where potassium fluoride is employed it is suitably present at a
level from 20 to 40% by weight. However, it is to be understood that amounts outside the

broad range may be appropriate in certain cases; saturated solutions may be advantageous

111 SOme cases.

The treatment of the gaseous mixture with the solution of alkali metal fluoride in hydrogen
fluoride may be effected under any combination of temperature and pressure conditions
whereby the mixture being treated is in the gaseous phase and the alkali metal fluoride
solution is in the liquid phase. Atmospheric, superatmospheric or subatmospheric pressure
may be employed although we prefer to employ superatmospheric pressure up to about 30

bara. The operating temperature will usually be from about -30°C to about 50°C, preferably
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from about 0°C to about 35°C although it is to be understood that lower or higher

temperatures may be employed if low or high pressure 1s employed.

The process of the invention can be applied to mixtures containing any amount of
hydrogen fluoride although it is advantageous 1n the case of mixtures containing large
amounts of hydrogen fluoride to remove some of the hydrogen fluoride by simple
distillation before treating the mixtures according to the invention. Thus the product
stream from a reactor in which the organic compound(s) is/are produced will usually be
distilled and if desired otherwise treated to remove some hydrogen fluoride, any hydrogen
chloride which may be present and by-products so as to provide a concentrated mixture for
treatment according to the invention. Usually, the mixture to be treated will contain less

than about 20% by weight, typically less than about 10% by weight of hydrogen fluoride.

The process is applicable to separation and recovery of hydrogen fluoride from mixtures
thereof with any organic compound provided that the partial pressure of hydrogen fluoride
in the gas stream depleted in hydrogen fluoride is lower than that of the hydrogen fluoride
in the gaseous mixture which is to be treated. Of particular interest 1s the treatment of
mixtures containing organic compounds which form an azeotropic or azeotrope-like
composition with hydrogen fluoride and from which the hydrogen fluoride cannot be
removed by simple distillation. Most hydrofluorocarbons, hydrochlorofluorocarbons and
hydrofluoroethers form azeotropes or azeotrope-like mixtures with hydrogen fluoride and
the treatment of such mixtures is a preferred embodiment of the invention, especially the
treatment of mixtures wherein the organic compound is a hydrofiucroalkane, a
hydrochlorofluoroalkane, a chlorofluoroalkane or a hydrofluoroether. It is to be
understood, however, that the invention is not limited to the treatment of specific types of
organic compound but is applicable to all organic compounds from which the separation
and removal of hydrogen fluoride is not readily achieved by simple distillation. Preferably,
the organic compound is a halogen-containing organic compound, especially a

fluorine-containing organic compound and more preferably a hydrofluorocarbon

compound.
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Where the organic compound is a hydrofluoroalkane, hydrochlorofluoroalkane or
chlorofluoroalkane, it will usually contain from 1 to 6 carbon atoms and preferably from 1
to 4 carbon atoms. Particular embodiments of the process reside in the treatment of
mixtures wherein the organic compound is one or more of 1,1,1,2-tetrafluoroethane [HFC
134a), 1,1,2,2-tetrafluoroethane [HFC 134], chloro-1,1,1-trifluoroethane [HCFC 133a],
chlorotetrafluoroethane [HCFC124/124a], pentafluoroethane (HFC 125], difluoromethane
[HFC 32], chlorodifluoromethane [HCFC 22}, 1,1-difluoroethane [HFC 152a],
1,1,1-trifluoroethane [HFC 143a], 1,1,1,3.3 penfafluoropropane [HFC 245fa],
1,2,2,3,3-pentafluoropropane {HFC 245ca] and 1,1;1,2,3,3,3—11eptaﬂuoropr0pane [HFC
227ea]. Where the organic compound is a hydrofluoroether, it may contain from 2 to 8
carbon atoms and usually 2 to 6 carbon atoms. A preferred embodiment of the invention
resides in treating a mixture in which the organic compound is one or more dimethyl ether,
for example bis(fluoromethyl) ether [BFME], 1,1-difluorodimethyl ether,

1,1,1-trifluorodimethyl ether and pentafluorodimethyl ether.

Another aspect of the invention provides a process for the production of a
fluorine-containing organic compound by reacting an organic, preferably halocarbon,
starting material with hydrogen fluoride in the gaseous phase or in the liquid phase
optionally in the presence of a fluorination catalyst, to produce a product stream
comprising the fluorine-containing organic compound and unreacted hydrogen fluoride,
contacting the product stream, preferably a gaseous product stream, with a solution of an
alkali metal fluoride in hydrogen fluoride, separating a gas phase depleted in hydrogen
fluoride and containing the organic compound from a liquid phase ennriched in hydrogen

fluoride and recovering hydrogen fluoride from the liquid phase enriched in hydrogen

fluoride.

The product stream may be treated prior to contact with the solution of alkali metal
fluoride in hydrogen fluoride for example in order to remove compounds other than the
desired fluorine-containing compound from the product stream. The treatment, where

employed, may include any conventional separation process for example distillation and

phase separation.
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The organié starting material is selected according to the desired fluorine-containing
organic compound. The starting material may be a halocarbon and so contain one or more
halogen atoms, especially chlorine and/or fluorine atoms, and may also contain hydrogen.
For example, to produce difluoromethane, bis(fluoromethyl)ether (BFME) or methylene
chloride may be employed as the halocarbon starting material, to produce
1,1,1,2-tetrafluoroethane the starting material may comprise trichloroethylene and/or
1,1,1-trifluorochloroethane, to produce pentafluoroethane, perchloroethylene may be
employed as the halocarbon starting material and to produce chlorodifluoromethane,

chloroform may be suitably employed as the halocarbon starting material.

However, for certain products, the starting material need not contain a halogen atom, for
example, BFME may be produced by contacting hydrogen fluoride with formaldehyde as
described 1n our earlier prior published European Patent Applications EP-A-518506 or
EP-A-612309, the disclosures of which are incorporated herein by reference. Another

example of a halogen-free organic starting which m;ay be employed is acetylene which may

be reacted with hydrogen fluoride to produce HFC 152a.

Difluoromethane may be produced from BFME in the liquid or gaseous phase, for example
as described in our earlier prior puiblished European Patent Application EP-A-518506. In
a gaseous phase reaction the BFME starting material may be introduced into a heating zone
in undiluted form although, depending upon the process employed for the production of the
BFME vapour, the material may be fed into the heating zone in conjunction with a diluent
such as an inert carrier gas, for example nitrogen. The temperature to which the BFME is
heated to produce difluoromethane is such that the bis(fluoromethyl)ether is in the vapour
phase and the temperature will typically be at least 80°C , preferably at least 200°C and
more preferably at least 250°C. The temperature need be no higher than about 500°C,

although higher temperatures, say up to about 700°C, may be used if desired.

The BFME is suitably heated in the presence of hydrogen fluoride vapour. The hydrogen
fluonide may be used as the diluent or carrier gas with which the BFME is introduced into

the reaction zone or the hydrogen fluoride may be introduced into the reaction zone

separately.
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In producing 1,1,1,2-tetrafluoroethane by fluorinating trichloroethylene to produce
1,1,1-trifluoro-2-chloroethane (HFC-133a) whgich 1s then converted to HFC-134a by
fluorination, HF is suitably employed as the fluorinating agent. Preferably the reaction is
carried out in the presence of a catalyst for at least one and desirably both reaction stages
and is suitably conducted in the gaseous phase. The quantity of HF employed may be from
10 to 100, preferably 15 to 60, moles of HF per mole of trichloroethylene. Where the
reaction involves fluorination of 1,1, 1-trifluoro~2-chloroethane, the amount of HF may be
up to 10 moles, and preferably from 2 to 6 moles,‘of HF per mole of

1,1,1-trifluoro-2-chloroethane.

The process for the manufacture of 1,1,1,2-tetrafluoroethane may be carried out in
accordance with the reaction sequence described and claimed in our prior published

European Patent Application No. 449617, the disclosure of which is incorporated herein by

reference.

Pentafluoroethane may be produced by any of the processes described in our prior
published International Patent Applications W095/27688 and W095/16654, the

disclosures of which are incorporated herein by reference.

Chlorodifluoromethane [HCFC 22] may be produced by fluorination of chloroform with
hydrogen fluoride. The fluorination may take place in the liquid phase in the presence of a
fluorination catalyst for example a transition metalk fluoride, for example, a fluoride of
tantalum or of niobium. As an example fluorination in the liquid phase may be carried out
using SbCl; JF, , x = 0-5 at temperatures typically between 50°C - 180°C. As desired,
intermittent addition of chlorine may be used to maintain the catalyst in the pentavalent
state. The reaction pressure can vary widely between subatmospheric pressure to 50Barg.
More preferably the reaction pressure lies within the range 5Barg - 30Barg. Chloroform
and hydrogen fluoride are suitably introduced to a reactor (in either liquid or vapour
phase), usually in é molar ratio of about 1:2 to produce a product stream which typically
contains chlorodifluoromethane, hydrogen chioride, fluorodichloromethane {HCFC 21]

and unreacted hydrogen fluoride. This stream may then be treated, for example by
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distillation, to remove certain components, for example, hydrogen chloride and
fluorochloromethane, and so provide a stream of chlorodifluoromethane and hydrogen
fluoride from which hydrogen fluoride may then be recovered by the process according to
the first aspect of the invention.

The fluorination reaction using hydrogen fluoride may be carried out in the presence of a
catalyst; any conventional catalyst described in the prior art may be employed and will be

selected according to the starting materials and the desired fluorine-containing product.

The catalyst may be for example, a metal, for example an s-block metal such as calcium, a
p-block metal such as aluminium, tin or antimony, an f-block metal such as lanthanum or a
d-block metal such as nickel, copper, iron, manganese, cobalt and chromium or alloys
thereof: a metal oxide, for example chromia or alumina, a metal fluonde, for example,
aluminium, manganese or chromium fluoride, or a metal oxyfluoride, for example an
oxyfluoride of one of the aforementioned metals. The metal in the catalyst 1s preferably a
d- or -p-block metal, and more preferably chrorriiur’n, aluminium, or a Group V11la metal.
The catalyst may be promoted with other metals for example zinc and nickel. If used, the
alloy may also comprise other metals, for example molybdenum. Examples of preferred

alloys include Hastelloy and stainless steel is especially preferred.

The fluorination catalyst may be conditioned for example by passing substantially dry HF
with or without nitrogen diluent over the catalyst at about 250 to 450°C whilst regeneration
of the catalyst may be carried out using a mixture of substantially dry HF and an oxidising
gas such as air or oxygen, at a temperature in the range of 300 to 500°C as disclosed tn our

prior EP-A-475693, the disclosure of which is incorporated herein by reference.

The process of the invention will now be illustrated with reference to the accompanying
drawing, Figure 1, which is a schematic representation of a plant for carrying out the
process. The process is illustrated in respect of the treatment of a product stream

comprising chlorodifluoromethane [HCEFC 22] produced by a fluorination process and

containing unreacted hydrogen fluoride.
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The product stream from a fluorination reactor used to produce HCFC 22 is subjected to
primary purification (not shown), for example by distillation and the resulting gaseous
phase process stream 1 of HCFC 22 and hydrogen fluoride containing a mixture of HCFC
22 and hydrogen fluoride in the vapour phase is introduced to a column 2, in which it is
contacted with stream 3, containing a solution of alkali metal fluonide in hydrogen fluoride
whereby hydrogen fluoride is separated from the HCFC 22. Stream 4, containing HCFC 22
vapour and less hydrogen fluoride than stream 1 1s removed from the top of the column and
subjected to further processing (not shown) to recover essentially pure HCFC 22. Stream 5,
a solution of alkali metal fluoride in hydrogen fluoride containing more hydrogen fluoride
than stream 3, is removed from the bottom of column 2. Stream 5 is fed to a separation
stage 6, for example a single stage flash vessel, in which hydrogen fluoride is separated and
withdrawn as stream 7 for collection or recycle, while a bottoms stream 3, comprising the
extractant solution of alkali metal fluoride in hydrogen fluoride, is withdrawn from vessel

0, cooled 1n heat exchanger 8, and recycled to column 2.

In a preferred embodiment of the process, the separation stage 6 may be replaced by a

single-stage flash vessel comprising a reboiler equipped with a condenser or alternatively a

distillation column.

The process of the invention may be operated as a batch process but preferably is operated

as a continuous process.

The invention is illustrated but in no way limited by the following example.

Example 1

A 500 ml PTFE flask was charged with 192g of anhydrous HF, 294g of CsF and 1g of
HCFC 22. This resulted in a vapour and liquid phase being formed inside the flask. The
mixture was allowed to equilibrate at atmospheric pressure and 23 °C. Following

equilibration a sample was removed from the head space and its composition determined as

HF : 1.34 % wiw
HCFC 22 98.66 Yow/w
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This compares with the composition of the HCFC22/HF binary azeotrope at atmospheric
pressure of

HF : 3.75 % wiw
HCFC 22 96.25 Y%w/w

From the above, it is clear that a solution of CsF in anhydrous HF can reduce the HF
content of a gaseous mixture of HCFC 22 and HF to below that of the azeotropic

composition and thus provide for effective separation and recovery of hydrogen fluoride.

Example 2
A 500ml metal vessel was evacuated and charged with 200mls of a solution of 63.5%w/w
CsF dissolved in anhydrous HF and pressurised fo 6 bara by addition of HCFC 22 vapour.
The contents of the vessel were well mixed and allowed to equilibrate at room temperature.
A sample of the vapour phase was removed for analysis and found to contain:

HCFC22 99.8wt%

HF 0.2%wt
This composition is enriched in HCFC 22, compared with the HCFC 22/HF azeotropic
composition of approximately 96wt% HCFC 22 and 4wt% HF.

Comparative Example A

The procedure of Example 2 was repeated, using liquid anhydrous HF with no CsF present.
A sample of the vapour phase was removed for analysis and found to contain: |

HCFC 22 90.6wt%

HF 9.4%wt
It is evident that the concentration of HF in the vapour phase in this case is significantly

higher than when there is no CsF present thus illustrating the preferential partitioning effect

of the alkali metal fluoride solution.

Examples 3 to 7
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The procedure of Example 2 was repeated with different hydrofluorocarbons and

hydrocarbons. A sample of the vapour phase was removed and analysed. The results are

tabulated below.

Example Component Average %w/w HF in  %w/w Organic
Pressure (barA) vapour in Vapour
3 HFC 125 10.5 0.08 99.92
4 HFC 32 12 0.20 99.8
5 HFC 134a 4.8 0.23 99.77
6 HFC 227 44 0.34 99.66
7 Propane 8.6 0.38 99.62

It is evident that the equilibrium concentration of HF in the vapour phase is very low in all

cases.

Example 8.

In this Example, the composition of the vapour phase over a solution of CsF in anhydrous
HF was determined by charging a solution of 55wt% CsF in HF to an enclosed vessel
equipped with an inlet and outlet port through which nitrogen could be sparged to an
aqueous scrubbing train. The solution was heated and nitrogen was sparged slowly through
the vessel until the solution reached a composition of 55%, 60wt% and then 65% CsF in
HF with a vapour pressure of 1 bara. The temperatures required to generate a vapour

pressure of 1 bara over HF solutions of varying CsF concentration are tabulated below:

Wt% CsF in solution Temp to generate 1bara vapour pressure C

55 72
60 &7
65 100

The scrubbing train was analysed for both HF and CsF. The results at each temperature

indicated that the vapour phase material sparged out of the vessel comprised 100.00wt%

HF and there was no CsF detected.
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CLAIMS :

1. A process for separating and recovering hydrogen fluoride from a gaseous mixture

of an organic compound and hydrogen fluoride which comprises contacting the gaseous
mixture with a solution of an alkali metal fluoride in hydrogen fluoride, separating a gas
phase depleted in hydrogen fluoride and containing the organic compound from a liquid

phase enriched in hydrogen fluoride and recovering hydrogen fluoride from the liquid

phase enriched in hydrogen fluoride.

A process for separating and recovering hydrogen fluoride from a gaseous mixture
of an organic compound and hydrogen fluoride which comprises contacting the gaseous
mixture with an essentially anhydrous solution of an alkali metal fluoride in hydrogen
fluoride, separating a gas phase depleted in hydrogen fluoride and containing the organic
compound from a liquid phase enriched in hydrogen fluoride and recovering hydrogen

fluonide from the liquid phase enriched in hydrogen fluoride.

3. A process for separating and recovering hydrogen fluoride from a gaseous mixture
of an organic compound and hydrogen fluoride which comprises contacting the gaseous
mixture with a solution of an alkali metal fluoride in aqueous hydrogen fluoride, separating
a gas phase depleted in hydrogen fluoride and containing the organic compound from a
liquid phase enriched in hydrogen fluoride and recovering hydrogen fluoride from the
liquid phase enriched in hydrogen fluoride.

4. A process as claimed in any preceding claim wherein the alkali metal fluoride

comprises potassium fluoride and/or caestum fluoride.

5. A process as claimed in any preceding claim wherein hydrogen fluoride is

recovered from the lower hydrogen fluoride phase by distillation.
6. A process as claimed in claim 5 in which the distillation is carried out in a flash
vessel or a distillation column.

7. A process as claimed in any preceding claim in which at least part of any residual

hydrogen fluoride-containing alkali metal fluoride which remains after recovering
hydrogen fluoride from the lower hydrogen fluoride phase is recycled for contact with the
mixture to be separated.

8. A process as claimed in any preceding claim in which hydrogen fluoride is

recovered from a mixture containing a minor proportion of hydrogen fluoride
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9. A process as claimed in claim 8 in which the said mixture to be treated contains

less than 25 % by weight of hydrogen fluoride.

10. A process as claimed in any preceding claim in which the organic compound(s)

and hydrogen fluoride form an azeotropic or near-azeotropic composition.

11. A process as claimed in any preceding claim in which a stream comprising
hydrogen fluoride is derived from the gaseous phase depleted in hydrogen fluoride and 1s
recycled to the reactor in which the desired organic compound is produced and/or to a

stream comprising the organic compound.

12. A process as claimed in any preceding claim in which the concentration of alkali

metal fluoride in the solution of alkali metal fluoride in hydrogen fluoride 1s from about
20% to about 80 % by weight.
13. A process as claimed in any preceding claim in which the organic compound

comprises a halogen-containing organic compound.

14. A process for the production of a fluorine-containing organic compound by

reacting an organic starting material with hydrogen fluoride in the gaseous phase or in the
liquid phase optionally in the presence of a fluorination catalyst to produce a gaseous
product stream comprising the fluorine-containing organic compound and unreacted
hydrogen fluoride, contacting the product stream with a solution of an alkali metal fluoride
in hydrogen fluoride, separating a gas phase depleted in hydrogen fluoride and containing
the organic compound from a liquid phase enriched in hydrogen fluoride and recovering
hydrogen fluoride from the liquid phase enriched in hydrogen fluoride.

15.

A process as claimed in claim 13 or 14 in which the organic compound comprises

a hydrofluoroalkane, a hydrochlorofluoroalkane, a chlorofluoroalkane and/or a hydrofluoro

ether.

16. A progess as claimed in claim 15 in which the organic compound 1s selected from

one or more of an 1,1,1,2-tetrafluoroethane [HFC 134a], 1,1,2,2-tetrafluoroethane [HFC
134], chloro-1,1,1-trifluoroethane [CFC 133a], chlorotetrafluoroethane [HCFC124/124a],
pentafluoroethane [HFC 125], difluoromethane {HFC 32], chlorodifluoromethane [HCFC
22] 1,1—diﬂuoroethane [HFC 152a], 1,1,1-trifluoroethane [HFC 143a], 1,1,1,3,3
pentafluoropropane [HFC 245fa], 1,2,2,3,3-pentafluoropropane [HFC 245ca] and
1,1,1,2,3,3,3-heptafluoropropane [HFC 227ea], bis(ﬂuéromethyl) ether [BFME],

1,1-difluorodimethyl ether, 1,1,1-trifluorodimethyl ether and pentafluorodimethyl ether.
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17. A'process as claimed in claim 14 to 16 in which the product stream is treated prior

to contact with the solution of the alkali metal fluoride in hydrogen fluoride.

SUBSTITUTE SHEET (RULE 26)



WO 98/45209
11

Fig.1
14

12 13

PCT/GB98/01016

11
17

16
15




INTERNATIONAL SEARCH REPORT Inter.  nal Application No

PCT/GB 98/01016

A. CLASSIFICATION OF SUBJECT MATTER
IPC 6 CO1B7/19 €07C17/38

C07C17/20

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

B. FIELDS SEARCHED

IPC 6 CO1B CO7C

Minimum documentation searched (classification system foliowed by classification symbols)

Documentation searched other than minimumdocumentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

see page 2, Tine 49 - page 3, line 31
Sy

A GB 1 332 968 A (ICI LTD) 10 October 1973 1,8
see the whole document

A WO 94 20412 A (ICI PLC ;RYAN THOMAS 1,5,8,
ANTHONY (GB); ALLEN JOHN GRAHAM (GB); 14-16
SCHOELZ) 15 September 1994
see the whole document

A US 5 362 469 A (SESEKE-KOYRO ULRICH ET 1,4
AL) 8 November 1994
see claims

A EP 0 596 514 A (CONOCO INC) 11 May 1994 1

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publicationdate of another
citation or other special reason (as specitied)

‘0" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

oo

y

myn

ng

later document published after the international filing date

or priority date and not in confiict with the application but
cited to understand the principie or theory underlying the
invention

document of particular relevance; the claimed invention

cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken atone

document of particular relevance; the claimed invention

cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-

ments, such combination being obvious to a person skilled
in the art.

document member of the same patent family

Date of the actual completion of theinternational search

23 June 1998

Date of mailing of the international search report

01/07/1998

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. {(+31-70) 340-2040, Tx. 31 651 epo nl,

Fax: (+31-70) 340-3016

Authorized officer

Van der Poel, W

Form PCTASA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

inter.  nai Application No

PCT/GB 98/01016

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

A

P,A

WO 95 27688 A (ICI PLC ;SCOTT JOHN DAVID
(GB); WATSON MICHAEL JOHN (GB); EWING PA)
19 October 1995

cited in the application

see claims

WO 97 13719 A (ICI PLC ;EWING PAUL

NICHOLAS (GB); SHIELDS CHARLES JOHN (GB);
ROBE) 17 April 1997
see the whole document

14,15

1-17

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

information on patent family members

Inter,

Jnal Application No

PCT/GB 98/01016

Patent document Publication Patent family Publication
cited in search report _date member(s) date
GB 1332968 A 10-10-1973 AT 325010 B 25-09-1975
AU 463078 B 25-06-1975
AU 3931672 A 30-08-1973
BE 780060 A 01-09-1972
CA 957132 A 05-11-1974
CS 170181 B 27-08-1976
DD 94807 A 05-01-1973
DE 2209841 A 28-09-1972
FR 2128712 A 20-10-1972
NL 7202681 A,B 12-09-1972
SE 379994 B 27-10-1975
ZA 7201323 A 31-10-1973
WO 9420412 A 15-09-1994 CA 2157472 A 15-09-1994
CN 1119010 A 20-03-1996
EP 0688300 A 27-12-1995
JP 8507283 T 06-08-1996
US 5362469 A 08-11-1994 DE 4135918 A 06-05-1993
AT 134979 T 15-03-1996
DE 59205575 D 11-04-1996
EP 0539893 A 05-05-1993
ES 2084241 T 01-05-1996
JP 5221603 A 31-08-1993
EP 0596514 A 11-05-1994 us 5336832 A 09-08-1994
DE 69308267 D 03-04-1997
DE 69308267 T 28-08-1997
WO 9527688 A 19-10-1995 EP 0754170 A 22-01-1997
JP 9511515 T 18-11-1997
us 5763707 A 09-06-1998
ZA 9502817 A 06-10-1995
WO 9713719 A 17-04-1997 AU 6997296 A 30-04-1997

Form PCTASA/210 (patent family annex) (July 1992)




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

