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SUMMARY

Gaseous fluorination with hydrogen fluoride at atmospheric
pressure of the two isomers CC1F_—~CClF_ and CC12F-CF was
carried out continuously on a chromic oxide based cagalyst. The
fluorinated derivative , obtained in a yield greater than 90%,
was chloropentafluorcethane. Hexafluoroethane and.an isomeric
mixture of trichlorotrifluoroethane were obtained as by-productse.
The latter was recvcled  with unconverted C3ClpF, for |
further .fluorination + Both conversion of C Cle and selec~
tivity to the formation of C2C1F were affectea by %emperature,
contact time and molar ratio of ghe reagents. The catalytic
activity of chromic oxide was adversely affected by small amounts
of water in the hydrogen fluoride. A difference was also obser=
ved in the reactivity of the two isomersCCl F—CF3 and CClF-GClE
The formation of C_Cl, F, as a by-product was due“to the dggpro—
portionating activity3o§ chromic oxide upon C2C12F4-

INTRODUCTION

Chloropentafluoroethane is used in the production of the
refrigerant F 502 (azeotropic mixture with chlorodifluorometha-
ne 51.2/48.8)0

The preparation of chloropentafluoroethane can be carried
out in three ways (TABLE 1): chlorofluorination of ethylene[},ﬂ
disproportionation of dichlorotetrafluoroethane[3,{] and fluo-
rination of dichlorotetrafluoroethane E - 14].
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The first reaction gives low yields (&€ 63%) together with
considerable amounts of dichlorotetrafluoroethane [2]; in the
second reaction the conversion of tetrafluorocompound is some=
what low (€ 53%) and involves the unavoidable coproduction of
trichlorotrifluoroethane [4] «+ The fluorination of dichlorotetra-
fluoroethane isy on the contrary, more specific and advanta-
geous.

The highest yields (95%) reported in the literature are
those obtained with catalysts based on tripositive chromiuml}O'
however, these require particular preparative techniques and
handling in order to avoid a rapid loss in their activity. We
have studied continuous fluorination of dichlorotetrafluoro-~
ethane in the gaseous phase using a particular chromic oxide[}i}

TABLE 1
Preparation of CFS—CC1F2
= -+ § ————— o= +
1. CH2 CH2 5C12 + SHF CF3 CC1F2 9HC1
+
24 2C2C12F4 —_—_— C2C1F5 C2C13F3
. + — +
3 C2012F4 HF C2C1F5 HC1,

RESULTS AND DISCUSSION

The fluorination of dichlorotetrafluoroethane was carried
out in a nickel reactor R (Fig. 1) containing the chromic oxide
in pellet form, The gaseous hydrogen fluoride and chlorofluoro=
ethane were introduced through the reactor bottom. The reaction
products were taken from the top and after aqueous washing and
condensation,were analysed from time to time by chromatographye.

Various tests were conducted with a single isomer and with
mixtures of the two C_CL_F, isomers (sym- CC1F_~CClF_and asyme
CF_~CC1_F) in order t% s%uéy the amounts of fluorina%ion as a
fugctio% of's
temperature, contact time, reagent ratio, water content in HF,
catalyst ageing resistance, recycle of unreacted dichlorotetra-
fluoroethane,

a) Reaction temperature

The temperature range studied was 200 to 405°C (contact
time 3 sece.y, linear velocity 11-12 cm sece~! and molar ratie
HF/C_C1_F, 6 varying from 1 to 1.3). The amount of conversion
of d%chio%otetrafluoroethane (symmetric/asymmetric isomer=40/60)
and the yield of chloropentafluoroethane are illustrated in
Fig. 2,
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Tt is clear that conversion is at a maximum (ca.90%) at
about 360°C; on the other hand, the yield of pentafluoroderiva-
tive is maximum between 250°C and 300°C, but, at higher tempe-
ratures, it decreases owing to the increasing formation of hexa-
fluoroethane (40% at 405°C).

b) Contact time

The contact time ramge varied from 2.2 o 7 sec. (tempera=-
ture 300°C, molar ratio HF/C,Cl_F between 1 and 1.35).

The reaction trends areziliuétrated in Fig. 3
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Fig. 3 Conversion of C2C1 F and yield of C_ClF_versus to con-
tact time.Molar ra%ig HF/C2012F4 1.%, témperature 300°C,

Only with a contact time of at least 3 sec, does the con-
version of tetrafluoroethane (symm/asymm = 40/60) reach ca.05%,
while the yields of pentafluoroethane still remain around 90%.

c) Molar ratio HF/dichlorotetrafluoroethane

The molar ratio HF/dichlorotetrafluoroethane ranged from
0 to 1.36 (temperature 300°C and contact time 4 sec.).
The teends of conversion and yields of C_Cl_F_and C2C1F

are illustrated in Fig.4. 2383 5
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Fig. 4 Conversion of C2C12F s yield of C2ClFg and yield of
Co,Cl3F3versusto molér ratio HF:CyClFy
Température 300°C, contact time 4 sec.

The limited influence of HF on the conversion of dichloro-
tetrafluorcethane is clearly evident; its effect in decreasing
severely the coproduction of trichlorotrifluorcethane thus
enhancing the yield of chloropentafluoroetiiane is nevertheless
appreciable. The C3C1lFs5 is higher than 80% even at less than
0.5 mole HF per mole of dichlorotetrafluoroethane and remains
around 90% starting from equimolecular ratios HF/C3ClaFg.
It appears that the chromic oxide as fluorinating catalyst
also catalyzes simultaneously the disproportionation of di-
chlorotetrafluoroethane, The disproportionation and jisomeriza-
tion of chlorofluorocarbons on various catalysts are already
well known[d4, 16, 17, 18, 19] « We have recently shown in expe-
riment with this chromic oxide without HF thatg
~ dichlorotetrafluorocethane (isomeric mixture 31/69) undergoes
69.5% disproportionation at 350°C with a contact time of 5 sec;

- disproportionation of the asymmetric isomer is 1.8 times
greater thaa that of sym—C2C12F43

- the trichlorotrifluorocethane formed by disproportionation
consists of 85% 1.1.1 =trichloro=2.2.2~trifluorcethane, even

‘ when one stars from dichlorotetrafluorcethane containing 40%
of the symmetric isomer;

- there is a slight increase in the amount of symmetric isomer
(increases from 12 to 26%) in the unreacted dichlorotetra-
fluoroethane,
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Thus, in addition to fluorination and disproportionation,
isomerization of dichlorotetrafluorcethanes is also simulta-
neously catalyzed by chromic oxide,(see also[},l&”.

(Without such compensation , the high percentage of asym-
metric trichlorotrifluorocethane (85%) cannot be explained. Were
it derived only by disproportionation of asymmetric dichlorote-
trafluoroethane, the amount of disproportionation of symmetric
dichlorotetrafluoroethane could not be justdfied. This dispro-
portionation, at 350°C and 5sec., was at least 31% even on a
less active chromic oxide. On the other hand, the higher dispro=-
portionation rate of the asymmetric tetrafluorocompound may
explain the increase of the symmetric isomer in the undisproe
portionated dichlorotetrafluoroethane, in spite of the isomeri-
zation favouring the asymmetric isomer),

The scheme of conversion reaction of dichlorotetrafluoro-~
ethane, taking place simultaneously with fluorination, which in
our opinion best represents the above experimental results, is
given in TABLE 2, partially drawn from Kolditzl?s work:@S]and in
agreement with Vecchio-GroppelliEﬂ.

Reactivity of the two dichlorotetrafluorcethane isomers to
fluorination,

Fluorination was carried out using various mixtures of di-
chlorotetrafluorcethane in a larger reactor than the one used
in the previous tests (i.ds 40mm, catalytic bed height 16mm).

The fluorination trend is shown in Fig. 5 (at 350°C, con-
tact time 3 sec., linear velocity 5~6 cm see."l). A slight dife
ference in the reactivity between the two isomers is observed
from the curves with the asymmetric one showing higher conver-
sion and yield of chloropentafluoroethane by .ca.25% and 13%,
respectively, than reference to the symmetric isomer, For the
asymmetric trichlorotrifluoroethane, we also found a fluorina-
tion rate 1,6 times higher than that of the symmetric isomer(
72.,9% and 47% conversion, respectively, at 350°C and 4 sec.)e

Effect of water on the catalyst activity.

Two runs were carried out for comparison using hydrogen
fluoride evaporated from cylinders containing reagent with 1.6
or 0.,12% water(TABLE 3). The effect of water in reducing the
yield of tetrafluorocompound conversion clearly appears from
tha data of these tests.

C2C1yFy mixtures of different isomeric ratios were used in
the two runs; from the trends of C2ClaF4 conversion for the
isomeric ratios (Fig. 5) it can be calculated that maximum con-
version would have been 74% even using the CC1F2—CC1F2/C2C12F4?
= 0,2 mixture with HF at 1.,6% water (i.e, lower than that at
0.12% water).
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Fig. 5 Dependence of conversion of C2Cl2F4 and yield of C2Cl1Fj
upon C,C1,F, isomeric ratio.
Temperature 350°C, contact time 3 sec.,
molar ratio HF/C,C1l,F, 1.0 .

TABLE 3 clearly shows the decrease with the time of C2C12F4
conversion when using HF of high water content, After 50 hours
it had decreased in the first case to 54.1% from an initial
value of 65.2%. When using HF with <0.,12% water, the conversion
appeared practically unvaried after 120 hrs. running.

Catalyst life tests
Without recycling dichlorotetrafluoroethane (symm/asymma<0.4/0.6)

A 300 hrs. run, under the conditions and with the results
given in TABLE 4, did not reveal any decay in the reaction,
which remained at the following levels:

~ dichlorotetrafluoroethane conversion 72-75%

~ chloropentafluoroethane yield 89~-92%

Recycling dichlorotetrafluoroethane (symm/asymm.==0,2/0.8)

In a further 120 hrs, run, the recycling of unconverted
dichlorotetrafluoroethane was also investigated by studying a
feed mixture containing 10% C5Cl2F, with 20% of symmetric iso~
mer, The fluorination trend is given in TABLE 5 (during the
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test, pure chloropentafluoroethane and unfluorinated dichloro-
tetrafluorocethane, subsequently continuously recycled to fluo-
rination, were isolated by batch fractional distillation): as
can be seen, the conversion of the dichlorotetrafluoroethane
remained around 80~81%, and the yield of chloropentafluoroetha-
ne around 89-01%. It is worthwhile observing that, as a conse-
quence of its lower activity, the symmetric dichlorotetrafluo~
roethane in the unconverted compound stabilizes at 60% of the
nixture, even though only 20% of it is present in the fresh one,
This is illustrated by the curves of Fig.6
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Fig. 6 Fluorination of C3Cl,Fy
Test run with unconverted C3C1l3F4 recycled to reactor

During this run we obtaineds
- fed dichlorotetrafluoroethane 1.964 Kg/hr.kg catalyst
- produced chloropentafluoroethane 1,290 Kg/hr.Kg catalyst

CONCLUSION

The catalytic fluorination of the dichlorotetrafluoethane
with hydrogen fluoride in the gaseous phase on chromic oxidecuﬂ
leads to high yields of chloropentafluoroethane (3 90%).

The reaction is very similar for the two isomeric dichloro-
tetrafluoroethanes, is affected by temperature, contact time
and reagent ratio, The fluorination is also accompained by di-
sproportionation and isomerization of the clilorofluorocarbons.
Water adversely affects the catalyst activity,

The uniformity of fluorination and the possibility of
carrying out a simultaneous recycling of unconverted dichloro=~
tetrafluoroethane were verified in two test-runs,
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SXPERTMENTAL

Fluorination of dichloroetrafluorcethane

The tests were carried out in a miniplant (Fig.1) mainly
consisting of a preheater (nickel tube, i.d. 5cm, length 30cm)
and a reactor R (nickel tube, i.ds 20mm or 40mm, 50 or 67cm
length respectively, fixed catalytic bed 35 or_iécm height, re-
spectively) both heated outside by means of thermoregulated
electrical resistances (Hj, Hp, H3, Hy), with a set of thermo-
couples (Tl, Tyy T3, T4) at different heights along the reactor,
in order to avoid any gradient between T, and T3 (catalytic bed).
The reactor had an Inconel sintered disc at the bottom.

The reactions were carried out at constant, slightly over
atmogspheric pressure, HF and dichlorotetrafluoroethane were fed
in the gaseous phase through two flowmeters and preheated at
150~-200°C in F. The reaction products were washed with water
in a PVC column N and sent to a scrubber or to a vent. They
were chemically and gas~chromatographically analysed from
time to time from polytetrafluoroethylene bottles P; (Hz0 at
<50°C), P,/P3 (NaOH solution 5%) and trap Py (-40 % -80°C),

Catalyst

Chromic oxide was prepared from chrome alum KCr(S0,), *
*12H,0 [15] and[20] o The catalyst, prepared in pellet form (dia-
neter 2,5 - 3.C mmy, length 2-4 mm) had a specific surface area
ranging from 35 to 75 m*/g and a sulphate content (impurities)
£ G047
~

Analysis ol products

Analytical GLC work was carried out using a gas—chromato-
graph equipped with a thermal conductivity detector and a Ometer
copper column (i.d. 4mm), packed with 35% silicon oil DC 200/50
on Chromosorb P 30/60 mesh.

The isomer ratio of dichlorotetrafluoroethane and of tri-
chlorotrifluorocethane was determined by GLC analysis and infra-
red spectroscopye. A GLC fraction of trichlorotrifluoroethane or
dichlorotetrafluoroethane was then introduced into the infrared
cell and a vapour=-phase spectrum measured using a Perkin-Elmer
Model 21 spectrophotometer and a gas cell of 10 cm eptical path
with sodium chloride windows.

Analytical bands used were as follows:

a) determination of CC12F-CC1F2/C2C13F3 s 1109 em=! for
CC1F2-CC1,F and 1255 cm™ for CCl;-CFy

b) determination of CCLF,-CC1F5/C5ClyFy ¢ 1140 cm™! for
CC1F3~CC1F2 and 1295 cm™! for CF3~CCl,F.

The isomer ratios were derived from the calibration cur-
ves of known mixturs,.
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