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Process for the preparation of 2-H-heptafluoropropane

The invention relates to a novel process for the prepa-
S ration of 2-H-heptafluoropropane. 2-H-Heptafluoropropane
(R 227) is a fluorocarbon boiling at ca. -18°C which is
chlorine-free and hence harmless to the stratospheric
ozone layer; it is of increasing industrial importance,
e.g. as a propellant. A few other methods of production
10 have been disclosed since it was first prepared in 1946
by the hydrolysis of a Grignard compound. Processes which
are suitable for an industrial-scale reaction are
predominantly those which involve the direct or indirect
addition of hydrogen fluocride onto hexafluorcopropene:

15 CF,-CF=CF, + HF ------ > CF,-CHF-CF,

The oldest method of this type is the reactiom of hexa-
fluoropropene with potassium fluoride in formamide
published by W.T. Miller et al. (JACS 82, 3051 - 30399
(1960) ) :

20 HCONH, /KF
CF,~-CF=CF, -cv-wcc--- > CF,-CHF-CF;, Conversion: 60%

P; crucial disadvantage of this process is that the
hydrogen atom required for this indirect addition of HF
is abstracted from the reaction medium (i.e. the
25 formamide)} by cleavage) leading to the formation of
undesired Dby-products. Subsequently, attempts were _
therefore made to effect the addition by the direct
action of hydrogen fluoride on hexafluoropropene,
co:{veniently in the presence of a catalyst. However,
30 these attempts have so far only been successful when
using high reaction temperatures. Tn a process described .
in British patent 902 590, an equimolar T?ﬁeeus m:.xt:ure" J
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temperatures between 250 and 450°C.
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working with gaseous mixtures at such high tamperatufes
is always associated with problems of a technical and
chemical nature. Rigorous demands are made on the
operating safety and on the corrosion resistance of the
materials involved; it is moreover known that fluoro-
carbons above 250°C can be expected to undergo increasing
thermal dJdegradation, the extent of which becomes
congiderable above 500°C. According to British patent
908 617, in the same apparatus as that required for the
preparation of 2-H-heptafluorcpropane, the 2-H-hepta-
fluoropropane undergoes a thermal reaction at 545°C to
g:h:re perfluoropropane (17% of theory) and 2-H-nonafluoro-
isobutane (27% of theory). Thus traces of these products
can already be expected to appear in the temperature
range mentioned above for the preparat.ion of 2-E-hepta-
fluoropropane. It should be pointed out here that the
highly toxic perfluoroisobutene can easily be formed £rom
2-H-nonafluoroiscbutane at elevated temperature.

It has now been found, surprisingly, that hexafluoro-
propene and hydrogen fluoride react together extremely
readily, in an addition reaction, when a weakly basic ion
exchanger whose reactive centers comprise tertiary amino’
groups is used as a solid catalyst. Rather than requiring
the application of heat, the reaction is exothermic.

The present invention thus relates to a process for the
preparation of 2-H-heptafluoropropane from hexafluoro-
propene, wherein hexafluoropropene ig reacted with
hydrogen fluoride in the presence of a weakly basic ion
exchanger whoge reactive centers comprise tertiary amino

groups.
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conveni ent |y i1k shbRuyiReeRpRcadf a catal yst. However, 30 these attenpts

have se far o sful when using high reaction tenperatures. In
a process desciﬂﬂ&ﬂmm h patent 902 590, an equi nol ar gaseous m xture
-2- of hexafl d hydrogen _f{ugride, flow ng through a

tubul ar reactor packed with activated charcoal, is only converted to
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Working with gaseous m xtures at suc I gh Tenperatures is _always
associ ated wi t Bhfr S8PSHRANYE A%ePirRed; o3 18 also possible, however,

to adopt a pressureless continucus reaction procedure,
for which simple tubular reactors or else fluidized-bed

5 reactors are particularly suitable. The reactor to be
used here is conveniently made of a material which is
registant to hydrogen fluoride (e.g. stainless steel,
nickel, ®Hastelloy or plastic).

Commercially available materials, such as those used for
10 water conditioning or comparable purposes, can be
employed as. weakly basic ion exchangers whose reactive
centers comprise tertiary amino groups, an example being
the product ®Amberlite IRA 93 SP from Rohm & Haas. The
ion exchanger is introduced into the reactor as a free-
15 flowing charge or as a suspension in a high-boiling inert
liquid such as paraffin oil. Any water present is
conveniently removed beforehand, provided this can be
done without great expense, e.g. by drying to constant
weight at a eslightly elevated temperature under vacuum.

20 Depending on the design of the apparatus, it can be
advantageous to moderate the strongly exothermic reaction
by precharging the ion exchanger to be used with hydro-
gen fluoride. This precharging can take place in the
reaction apparatus itself or else externally and should

25 amount to at most 33 g, preferably 8 - 25 g and
egpecially 18 - 23 g of hydrogen fluoride per 100 g of

ion exchanger.

The reactants of the reaction according to the invention,
i.e. hexafluoropropene and hydrogen fluoride, are
30 conveniently introduced simultaneocusly in gasecus form
into the reactor, containing the chosen ion exchanger, in
a molar ratio of 0.9 - 1.1:1, preferably 1:1, i.e. in a
weight ratio of 7.5:1. The 2-H-heptafluoropropane is
generally isolated by simply condensing t e gRs;; obtained i
35 on depressurizing the pressure vessel uged oi'ag the -}
product of a contiriuoualy operating apparatus. It may be




chem cal nature. Rigorous demands are nade on the operﬁtsisﬁatgafgegnm@mdon

the corrosion resistance of the materials involved; it
that fluoro- 10 carbons above 250[er] C can be expect eHlﬂBﬂlﬂﬂB‘l& ﬂ
i ncreasing thernmal degradation, the extent,of which bec bl e

above 500[err]C. According to British patent 905 617, in the same appar at us
as that requi re egsg pr&g@g,@%}:on QL 2r &at aghggggagapar@raé Zy
%of

2-H hepta- 15 uor opropane undef goes a ermal reaction at 545[err

gi ve per fl uor opydragen 1#%19::idnemy)me Frasndhe, weude s prodaat (
theory). Thus QGRS oF al h@:%&ﬁ.n?’%@ﬁ&i?cﬁé&-&ﬁﬁi’é P EBEEs] Wb AGPES

the tenperature range nentio above for the preparatlon of  2- H-hept a- 20
f1 uor opr opane. bt ddistdiid atdign imak alae becpeceagpry i 2 high degree of

5 purity is required.

The temperatures for the reaction according to the
invention depend essentially on the heat stability of the
ion exchanger used. They are generally 20 - 120°C,
preferably 30 - $0°C and especially 50 - 70°C.

10 The following Examples will serve to illustrate the
process according to the invention.

Example 1

120 g of the ion exchanger ®Amberlite type IRA 93 SP
{(Rohm & Haas) (previously dried to comstant weight at
15 80°C under vacuum)}) were treated with 14 g of gaseous
hydrogen fluoride in a closed plastic wvessel, with
shaking, the hydrogen fluoride being uniformly and
completely absorbed. The reactor used was a vertical
stainless steel tube of length 60 cm and internal
20 diameter 3 cm, jacketed for extermal coocling. The tube
was provided with a fine-meshed perforated bottom. A
thin, centrally mounted metal tube, closed at the bottom
end, served to accommodate thermocouples. The reactor was
packed with the ion exchanger precharged with HF, closed
25 and connected to a gas-sampling device and a cold trap.
Hexafluoropropene was then passed in undernmeath the -
perforated bottom at a rate of 180 mmol/h and, when the
reaction had started (recognizable by the temperature
rise at the foot of the tube), hydrogen fluoride was
30 metered in, also at a rate of 180 mmol/h, the internal
temperature rising to ca. 60°C; at this temperature the
heat of reaction was dissipated by the circulation of .
cooling water at 23°C. The first gas &

35 . further samples were taken at balf-hour intervals. The
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2- H- nonaf | uor oi sobut ane at el evated tenperature. It has now been found,
surprisingly, that hexafluoro- propane and hydrogen fluoride react together
extrenely 25 readily, in an addition reagtion, when a weakly basic ion
exchanger whose reactive centers conprise tertiary amno groups is used as
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5 Ethple 2

15 g of ®amberlite IRA 93 SP, precharged with 2.8 ¢ of
hydrogen fluoride, were placed in a ®Haatelloy-C stirred
autoclave of capacity 300 ml and suspended in 100 g of a
perfluorinated polyether boiling at 216°C. After the

io autoclave had been closed, 14 g of hexafluoropropene were
introduced undexr pressure and the mixture was stirred for
6.5 h at 50°C under autogenous pressure. The gas
chromatogram (conditions as in Example 1) of a sample
taken thereafter shcwéd a 2-H-heptafluoropropane content

15 of 85.5% and a hexafluoropropene content of ca. 14;1% in
the crude product.
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1. A process for the preparation of 2-H-heptafluoro-
propane from hexafluoropropene, wherein hexafluoropropene
is reacted with hydrogen fluoride in the presence of a
weakly basic ion exchanger whose reactive centers
comprise tertiary amino groups.

2, The process as claimed in claim 1, wherein haxa-
fluoropropene is used in a molar ratio of 0.9:1 to 1.1:1.

3. The process as claimed in claim 1, wherein the
reaction is carried out at a temperature of 20 to 120°C.

4. The process as claimed in claim 1, wherein the
reaction is carried cut at a temperature of 30 to 90°C.

5. The process as claimed in claim 1, wherein the
reaction is carried out at a temperature of 50 to 70°C.
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10 .water conditioning or conparable purposes, can be enployed as
weakl y basic ion exchangers whose reactive centers conprise tertiary am no
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The invention relates to a process for the preparation of
2-H-heptafluoropropane, wherain hexafluoropropene is
reacted with hydrogen fluoride in the presence of a
weakly basic ion exchanger whose reactive centerxs
comprise tertiary amino groups.
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reaction apparatus itself or else externally and should 25 anount to at
nost 33 g, preferably 8 - 25 g and especially 18 - 23 g of--hydrogen
fluoride per 100 g of ion exchanger. The reactants of th 2
according to the invention, i.e. hexafluoropropene and h drBEPEAG[?W rift’)risé‘fg:ﬂ
are 30 conveni ently introduced simultaneously in gaseoys foL21|nto t he
‘reactor, containing the chosen ion exchanger, in a nol ar oflAY. 1897
1.1:1, preferably 1:1, i.e. in a wight ratio of 7.5:1.
2- H hept af | uoropropane is generally isolated by sinply cpndensing the gas
obt ai ned 35 on depressurizing the pressure vessel used the product
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Process for the preparation of 2-H-heptafluoropropane

The invention relates to a novel process for the prepa-
5 ration of 2-H-heptafluoropropane. 2-H-Heptafluorcpropane
(R 227) is a fluorocarbon boiling at ca. -18°C which is
chlorine-free and hence harmless to the stratospheric
ozone layer; it im of increasing industrial importance,
e.g. as a propellant. A few other methods of production
10 have been disclosed since it was first prepared in 1946
by the hydrolysis of a Grignard compound. Processes which
are suitable for an industrial-scale reaction are
predominantly those which involve the direct or indirect
addition cf hydrogen fluoride onto hexafluoropropene:

15 | CF,~CF=CF, + HF ------ > CF,-CHF-CF,

The oldest method of th:.s type is the raact::.on of hexa-
fluoropropena wit:h pot:ass:.um . fluoride in formamide

publishad by W. '1‘. Miller et al. (JACs 82, 3091 - 3099
(1960) §:

20 - HCONH,/KF
CF,~CF=CF, ~~-~~----> CF,~CHF-CF,  Conversion: 60%

A crucial disadvantage of this process is that the
hydrogen atom required for this indirect addition of HF

is abkstracted from the reaction medium (i.e. the

25 formamide) by cleavage, leading to the formation of
undesired by-products. Subsequently, attempts were
therafore made to effect the addition by the direct
action of hydrogen fluoride on hexafluoropropena,

- conveniently in the presence of a catalyst. However,
30 these at:t:émptu have sc far only been successful when
using high reaction temperatures. ™n a process described

in British patent 902 590, an equ:l.molﬁr gasecus mixture
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:-4- necessary, however, to renove entrained traces hydrogen fluoride or
amne, fromthe crude product by neans of alkaline or acid s '
proceses. Working-up by distillation may al so be necessary i
of 5 purity is required. The tenperatures for the reaction afc
i nvention depend essentially on the heaft 2t abil | ty of 0t he i gn
used. They are_general 20 - 120C, preferab 30 - . ery
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process accor deélgough tdubnlay immactor packed with activated charcoal,
is only converted to 2-H-heptafluoropropane at
temperatures between 250 and 450°C.

5 Working with gaseous mixtures at such high temperatures

is always associated with problems of a technical and

- chemical nature. Rigorous demands are made on the

operating safety and on the corrosion resistance of the

materials involved; it is moreover known that fluoro-

10 carbons above 250°C can be expected to undexrgo increﬁs:i.ng

thermal degradation, the extemt of which becomes

congiderable above 500°C. According to British patent

905 617, in the same apparatus as that required for the

preparation of 2-H-heptafluorcpropane, the 2-H-hepta-

15 fluoropropane undergoes a thermal reaction at 545°C to

give perfluoropropane (17% of theory) and 2-H-nonafluoro-

igsobutane (27% of theory). Thus traces of these products

" can already be expected to appear in the temperature

range mentioned above for the preparat:ion of Z-H-hepéa-

20 fluoropropane. It sghould be pointed out here that the

highly toxic perfluoroisobutene can easily be formed from
2-H-nonafluoroiscbutane at elevated temperature.

It has now been found, surprisingly, that hexafluoro-
propene and hydrogen fluoride react together extremely

25 readily, in an addition reaction, when a weakly basic ion
exchanger whose reactive centers comprise f.ert:i.ary amino
groups is used as a solid catalyst. Rather than requiring
the application of heat, the reaction is exothermic.

The present invention thus relates to a process for the

30 preparation of 2-H-heptafluoropropane from hexafluoro-
propene, wherein hexafluoropropene ig reacted with
hydrogen fluoride in the presence of a weakly basic ion
exchanger whose reactive centers comprise tertiary amino
groups. '

35 Apparatuses which can be used for the reaction according



.Exanple 1 120 g of the ion exchanger [err]Anberlite type IRA 93 SP (Rohm &
Haas) (previously dried to constant weight at 15 80[ err] G~ vacuum
were treated with 14 g of gaseous hydrogen fluoride in a cl SREPM(E%;
vessel, with shaking, the hydrogen fluoride being uniformyfa Dl

absorbed. The reactor used was a vertical3stainless steel tlb¢ gf, | engt
cmand internal 20 dianmeter 3 cm |acketed for external cpofi gl? -
was provided W&o HEhe finreneion japereieaed proesune xegppis h

nmount ed et al g Gredd Eets ddré NBubfed PNIENEs REBYEPOEBIHAEN
t her nocoupl e. ,The reactor was packed wth the ion exchgr.l e
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for which simple tubular reactors or else fluidized-bed
5 reactors are particularly suitable. The reactor to be
used here is conveniently made of a material which is

resigstant to hydrogen fluoride (e.g. stainless steel,
nickel, ®Hastelloy or plastic).

Commercially available materials, such as those used for
10 water conditioning oxr comparable purposes, can be
employed as weakly basic ion exchangers whose reactive
centers comprise tertiary amino groups, an example being
the product ®Amberlite IRA 93 SP from Rohm & Haas. The
ion exchanger is introduced into the reactor as a free-
15 flowing charge or as a suspension in a highéboiling inert
liguid such as  paraffin oll. Any water present is
conveniently removed beforehand, provided this can be
done without great expense, e.g. by drying to constant
waeight at a slightly elevated temperature under vacuum.

20 Depending on the design of the apparatus, it can be
advantageous to moderate the strongly exothermic reaction
by precharging the ion exchangex to be used with hydro-
gen fluoride. This precharging can take place in the |
reaction apparatus itself or else externally and should

25 amount to at most 33 g, preferably 8 - 25 g and
especially 18 - 23 g of hydrogen fluoride per 100 g of
ion exchanger.

The reactants of the reaction according to the invention,
i.e. hexafluoropropene and hydrogen fluoride, are
30 conveniently introduced simultaneously in gasecus form
into the reactor, dontaining the chosen ion exchanger, in
a molar ratio of 0.9 - 1.1:1, preferably 1:1, i.e. in a
weight ratio of 7.5:1. The 2-H-heptafluoropropane is
generally isolated by simply condensing the gas obtained
35 on depressurizing the pressure vessel used or asg the .
product of a continuously operating apparatus. It may be
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rate of 180 mmol/h and, when the reaction had started (recognizable by the
tenperature rise at the foot of the’ tube), hydrogen flperide was 30
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meang of alkaline or acid scrubbing procésses Work:uxg-up

by distillation may also be necessary if a high degree of
purity is required. '

The temperatures for the reaction according to the
invention depend essentially on the heat stability of the
ion exchanger used. They are generally 20 - 120°C,
preferably 30 - S0°C and especially 50 - 70°C.

The following Examples will gerve to illustrate the
process according to the invention.

Example 1

120 g of the ion exchangerlomnberlite type IRA 93 5P
{Rohm & Haas) (previously dried to consgtant weight at
80°C under wvacuum) were treated with 14 g of gaseous
hydrogen fluoride in a closed plastic vessel, with
shaking, the hydrogen f£fluoride being uniformly and
completely absorbed. The reactor used was a vertical
stainless ateel tube of length 60 cm and internal
diametear 3 cm, jacketed for extermal cooling. The tube
was provided with a :E:I.ne_-meshed perforated bottom. A
thin, centrally mounted metal tube, closed at the bottom
end, served to accommodate thermocouples. The reactor was

" packed with the ion exchanger precharged with HF, closed

and connected to a gas-sampling device and a cold trap.
Hexafluoropropene was then passed in undermeath the

perforated bottom at a rate of 180 mmol/h and, when the _
reaction had started (recognizable by the temperature

rise at the foot of the tube), hydrogen fluoride was
netered in, alsc at a rate of 180 mmol/h, the internsl
temperature rising to ca. 60°C; at this temperature the
heat of reaction was dipmipated by the circulation of
cooling water at 23°C. "rhe first gas sample was taken
50 mninutes after the satart of the reaction and all
further samples waere taken at half-hour intervals. The

by
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2- H hept af |l uoropropane in the crude gas m xtur )
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thermal conductivity daetector),

Example 2

15 g of ®amberlite IRA 93 SP, precharged with 2.8 g of
hydrogen fluoride, were placed in a ®Haatelloy-C stirred
autoclave of capacity 300 ml and suspended in 100 g of a
perfluorinated polyether boiling at 216°C. After the
autoclave had been closed, 14 g of hexafluoropropene were
introduced undex pressure and the mixture was stirred for
6.5 h at 50°C under autogenous pressure. The gas
chromatogram (conditions as in Example 1) of a sample
taken thereafter showed a 2-H-heptafluoropropane content

of 85.5% and a hexafluoropropene content of ca. 14.1% in
the crude product.
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.0f 85.5% and a h e content of ca. 14.1%in the crude product.

-6- Patent d cess for the preparation of 2-H heptafl uoro-
propane from mmﬁcﬂu , Wherein hexafl uoropropene ifS Teaeted-wi.th
hydr ogen fl u e presence of a vveakly basi c i on exg hEEBM:GEMﬁ,Fes CoT
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1. A process for the preparation of 2—H-hlptﬂh;go;

propane £rom hexafluaropropene, wherein hexafluoropropene
is reacted with hydrogen fluoride in the presence of a
weakly basic ion exchanger whose reactive centers

comprise tertiary amino groups.

2. The process as claimed in claim 1, wherein hexa-
fluoropropene is used in a molar ratio of 0.9:1 to 1.1:1.

3. The procesas as claimed in claim 1 or 2, wherein
the reaction is carried out at a temperature of 20 to
i120°C.

4, The process as claimed in claim 1 or 2, wherein
the reaction is carried out at a temperature of 30 to
90°C,

5. The process as claimed in claim 1 or 2, wherein

the reaction is carried out at a temperature of 50 to
70°C,




. 3. The process as clained in claim1 or 2, wherein the reaction is

carried out at a tenperature of 20-to 120C 4. The proce as cl ai ned
inclaiml or 2, wherein the reaction in carried out at a te B
to 90[err]C. 5. . The process as clainmed in claim1 or 2, T Sherr
reaction is carried out at a tenperature of 50 to 70[err]C. ‘""‘"“‘”""‘"w
-7 - 14 Jay 1997 |

e ‘

PROCESS FOR THE PREPARATION OF 2-H-HEPTAFLUOROPROPANE

The invention relates to a process for the preparation of
2-H-heptafluorcpropane, wherain hexafluoropropene is
reacted with hydrogen fluoride in the presence of a
weakly basic ion exchanger whose reactive centers
comprise tertiary amino groups.




