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Abstract—Fluorination of organic compounds with cobalt trifluoride and elemental fluorine in the presence
of cobalt trifluoride was studied. Fluorination with elemental fluorine proceeds under external-kinetic control
at a constant rate. Examples of fluorination with elemental fluorine of certain fluorinated olefins and poly-
fluorinated paraffins in the presence of Gokre presented.

Cobalt trifluoride is a common fluorinating agent Fluorination was performed in a reactor packed
for synthesis (including commercial production) of per-with CoF;. In the first case, a mixture of vapors of
fluorinated organic compounds (paraffins, ethers, etca compound to be fluorinated and fluorine was sup-
form hydrocarbon and unsaturated analogue [1, 2]. Iplied, and in the second case, nitrogen was introduced
the reaction, cobalt trifluoride is reduced to difluoride:instead of fluorine at the same flow rate. The figure

shows the kinetics of fluorination of monohydroper-
CoF; + CiHony 2 > CoR, + Gy, , + HF. fluorotributylamime (1).

Fluorination with cobalt trifluoride is characterized Curve 2 describing the rate of fluorination with
by low yield (30-40%) of target products, limited CoF; is characteristic for reactions whose initial stage
productivity because of the low content of availableproceeds on the surface of a solid reactant (CioF
fluorine (16.30 wt %); the actual consumption is lowerthis case) under external-kinetic control. Since CisF
by a factor of 1.23), and noticeable amount of resid- consumed in the surface layer, the reaction becomes
ual hydrogen-containing and unsaturated compoundsffusion-controlled, which accounts for the observed
(up to 1 wt %), instead of X 10°-5 x 10* wt % re- decrease in the reaction rate [6]. It should be noted
quired in medicine, electronics, and other branchethat the initial section of curve is rather difficult
of industry. Therefore, other synthesis methods shoulfbr analysis, and the majority of papers on Gdlo-
be searched for. One of them is catalytic fluorinatiornrination kinetics contain only data for the diffusion
of fluorine-containing organic compounds with ele-region, in which the decrease in the reaction rate is
mental fluorine. Higher fluorides of metals with vari- neglected and the rate is considered to be constant
able oxidation state, including nickel, copper, and co{6, 7]. Studies of fluorination of fluorinated meth-
balt fluorides [3-5], are usually used as such catalystsanes [7] and hexafluoropropane [8] have shown that
In this work, we studied fluorination of amohydroper- the fluorination reaction is first-order.
fluorotripropylamine GFgHN(C5F;), (1) and mono-

hydroperfluorotributylamine §5HN(C,Fo), (I1) with Fluorination with elemental fluorine in the presence
cobalt trifluoride and with elemental fluorine in the of COF; (curve 1) proceeds under external-kinetic
presence of cobalt trifluoride. Compoundisand Il control since the Cofconcentration in the surface

are the main process impurities in electrochemical log e [wt %]

synthesis of perfluorotripropylamine {E;);N and i
perfluorotributylamine (GFg)sN, respectively. Their !
content in crude products reaches 30 wt %. 3 5
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1 Reported at the 3th International Conferent€&hemistry,

Technology, and Application of Fluorinated Compourids, Relative rate of fluorination ofl : (c) concentration ofll
St. Petesrburg, June-$, 2001. and ) time. Fluorination with {) CoF3-F, and @) CoFs;.

1070-4272/02/7506-0959 $27.@2002 MAIK “Nauka/Interperiodica



960 MOLDAVSKII et al.

Table 1. Fluorination of Cok and hydrogen-containing impurities of perfluorotributylamine [contact time 5 min,
(C4FgH)3N initial concentration 17.5 wt %]

Content, wt % Content, wt %
T, °C - : . T, °C . . -
available fluorine | hydrogen-containing available fluorine hydrogen-containing
(CoRy) compounds (CoRy) compounds
200 13.0(79.4) 7.5 350 16.0(97.5) 2.1
250 13.6(83.0) 4.8 400 16.38(100) 0
300 15.4(94.0) 3.2 450 16.38(100) 0

Table 2. Fluorination of certain hydrogen-containing and unsaturated compounds with elemental fluorine gn CoF

Compound « 4
T, °C %, min A <1051 Vield, mol%
. . wt %
fluorinated fluorinated
C;F,CFH-CHF, CsFio 230-280 5 6 94.4
C,F4HN(C,Fs), (CoFs)3N 270-330 5 5 95.5
C3FgHN(C5F;), (C5F7)3N 320-380 10 6 96.0
C,4FgHN(C,4Fg), (C4Fg)sN 360-410 13 7 93.2
CsF10HN(C5F1 1), (CsF19)3N 380-430 16 8 90.1
C,FgHOC,FgH (C4Fg),0 300-350 5 5 96.5
(C5F;),CF-CF=CF; CoFyp 320-380 6 5 97.0
cyclo GgFg-C,Fg cyclo GF11-C,Fg 300-360 7 5 96.4

" (A) Residual content of hydrogen-containing and unsaturated compounds.

layer is constant owing to timely or even advance In the first case, the fluorination rate is low and
supply of fluorine: decreases with time; the process is limited by the con-
tent of available fluorine, which prevents its being per-
formed in the continuous mode. The residual content
of hydrogen-containing or unsaturated compounds in
o o the resulting products is substantial (x 1.0 wt %),
This is illustrated by the data on fluorination of COF which requires additional purification. In the second
and compound! at various temperatures presentettase, the fluorination rate is fairly high and constant;
in Table 1. the process has no time limitation, which allows it
It follows from the kinetics of fluorination off  to be performed in the continuous mode; the residual
that this reaction is second-order. The activation encontent of hydrogen-containing compounds is less
ergy amounts to 37.5 kJ mdl The equation of the than 1x 10 wt %2
reaction rate is as follows:

RH + CoR, —» RF + HF + Coh,
CoF, + F, - CoFs.

EXPERIMENTAL
logV = logconst- 4.56E/RT.

The UV spectra were recorded on a UF-26 spec-
- - : ophotometer; théluoride ion was determined with an
characterized by high yield of the target products an T-1 fluoride-selective electrode. In chromatographic
their insignificant degradation. . g

) R ] analysis, a heat-conductivity detector was used; car-
Data on catalytic fluorination of certain hydrogen-rier gas helium, solid phase Silokhrom, liquid phase

containing and unsaturated compounds are listed 8o o, o a-tri(B-cyanoethyl)acephenone, 2 m3 mm
Table 2. st '

The results make evident the difference betweeA The catalytic fluorination process was implemented at the
fluorination with Cok and that with fluorine in the  pilot plant of the “Prikladnaya Khimiy& Russian Scientific
presence of Cofas a catalyst. Center.

It should be noted that the catalytic fluorination is
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column. The GC-MS analysis was performed on a The fluorination rate constants and activation en-
Hewlett-Packard device comprising an HP-5890 gasrgy [9] were calculated from the concentration-vs.-
chromatograph, an HP5972 mass-selective detectdiime plots for 150, 180, 220, and 23D.

and a Vectra 5/100 working station with software

for data processing and Wiley138.L and NBS75K.L ACKNOWLEDGMENTS

database.

Th k fi iall ISTC.
Chromatographic separation was performed on e work was financially supported by ISTC

a 30 m HP-5MS capillary column in the programmed- REFERENCES

heating mode. Chromatograms were recorded by the

total ion current within the 35700 mass range. The 1. Kornilov, V.V., Kosteev, R.A., Maksimov, B.Ngt al,,
impurities were identified by comparing the mass Zh. Prikl. Khim, 1995, vol. 68, no. 9, pp. 1409.418.
spectra of separated mixture components with thosg Advances in Fluorine Chemistryol. I-1l, Stacey, M.,
from the Wiley138.L and NBS75K.L databases and Tatlow, J.C.,.and Sharpe, A.G., Eds., London: Butter-
by calculation. worths Scientific Publications, (1960961).

. o . . 3. Zakharov, V.Yu., Denisov, A.K., and Novikova, M.D.,
The kinetics of fluorination ofl was studied in Zh. Org. Khim, 1994, vol. 30, no. 12, pp. 1844846.

a vertical reactor made from a nickel tube (inner di-4  zakharov, V.Yu., Denisov, AK., and Novikova, M.D.,
ameter 36 mm). The reactor was packed with £OF  Apstracts of PapersMezhdunarodnaya konferentsiya
with bed height of 300 mm. A thermocouple pocket “Khimiya, tekhnologiya i primenenie ftorsoderzha-
was arranged along the reactor axis. The temperature shchikh soedinenii v promyshlenndsti(int. Conf.

variation throughout the bed did notaeed 3C. From “Chemistry, Technology, and Application of Fluorine-
a batcher, a mixture of (25 wt %) with (GF,)sN (fggltlammgllCompounds in Industty St. Petersburg,
, p. 11.

(75 wt %) and fluorine were supplied at definite and ,
constant rates into a mixer-evaporator, which was- Moldavsky, D.D., Bisren, T.A., Kaurova, G.I., and
a 500-mm nickel tube 36 mm in diameter, equipped Fu™_G-G. J. Fluorine Chem. 1999, vol. 94,
with a controllable heater. The fluorine excess did6 ';p' 157;67/;\\( Katali . Kisi q
not exceed 20% relative to the stoichiometry. FronT™ (Coaztg}lfst”’and ?&éaiiﬁﬁaﬁéd'iuﬁ? tﬁ,'lggggﬁ SNrguEa
the evaporator, the reaction mixture passed through jggg ’ ' ’
a catalyst bed (with particle size of 0.02605 mm) . Asovich, V.S. and Kosteev, R.AZh. Prikl. Khim
and condensed in a trap cooled with liquid nitrogen. " 1994, vol. 67, no. 8, pp. 1320323 '
After process completion, the trap was warmed t . Asovich, V.S., Kornilov, V.V., Kosteev, R.A., and
room temperature and weighed, and the reaction prod- pmaksimov, B.N.,zh. Prikl. Khim, 1994, vol. 67, no. 1,
ucts were analyzed by GLC. Low-boiling products pp. 103-106.

containing fluorine and HF were neutralized in a col-g. | gjdler, K., Reaction Kineticsvol. I: Homogeneous
umn with lime and analyzed by GLC. The experi- gas reactions vol. Il: Reactions in SolutignOxford:
ments were performed at 150, 180, 220, and°€50 Pergamon, 1963.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 75 No. 6 2002



