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o-HTFESF, taken in molar excess to elemental fluorine was supposed to use as an
alternative. a-HTFESF molecula has one hydrogen atom, locating at a-position to sulphonyl
group, which on the one hand is stabilized by trifluoromethyl group, and on the other hand
it has the poorest bond in energy terms carbon - sulphur (285 KJ/mole). According to
thermodynamical estimations the thermal effect of fluorination reaction is equal to 423,3
KJ/mole.

Along with reaction 23 at carrying out radical-chain mechanism of fluorination reactions
24 and 25 also take place

CF3-CFH-SOgF+ 2F; —=CF, + CF3-SOoF + HF  (25)
DCF3-CFH-SO.F+ 3F, — > C4Fg + 2502 + HF  (26)

All of them are characterized by destruction according to bonds of carbon- sulphur and
carbon- carbon, by increasing of fluorine expenditure in 1,5 - 2 times and by process
temperature growth. At that, the energy of carbon-carbon bond exceeds the energy of
carbon - sulphur bond at 1,5 times, which affects the proportion of quantity of by-
products, formed according to reactions 24, 25 and 26 (table 8).

In RSC Applied Chemistry a unit for direct fluorination, functioning at dynamic mode, was
made to study main regularities of direct gas-phase fluorination of a-HTFESF.

Laboratory reactor is made of nickel tube ( diameter - 38 mm and length 1300 mm),
filed with copper chips and it is the reactor of ideal displacement. Reactor unit is
conditionally separated into three heated areas:

- the evaporator; serves for evaporating of starting material,
- the chamber used to mix the starting compound and fluorine,
- the reactor itself; it provides enough contacting time for reacting compounds.

The evaporator is connected to dosing apparatus, composed of collecting metering
device for a-TFESF, light and gaseous nitrogen cylinder, for steady charge of starting
materials. After fluorinating reactor the products of synthesis get into collector, chilled to

temperature within minus 15 minus 90 °C, through neutralizing reservoir. Gas



chromatographic analysis of products of fluorination was carried out at reactor's entering
to assigned mode of exploitation and out of collector upon finishing the tests and
thermostating to room temperature. Liquid products of reaction (mainly mixture of
anhydrous hydrogen fluoride and a- HTFESF) were collected into entrainment separator,
chilled with cold water. The conversion rate of starting material was determined by
concentration of starting compound and anhydrous hydrogen fluoride. Based on data of
laboratory tests an pilot model unit of gas-phase direct fluorination (output is equal to 500
kg/year) was projected and made at JSC "Halogen" (Perm).

During preliminary tests at laboratory reactor (volume 1,5 I) of ideal displacement, it
was stated, that carrying out the fluorination process without diluting provokes significant
destruction of starting compounds and products of fluorination (up to 93 - 96 %) . At that
the selectivity amounts to 3-3,5 % at 100% conversion of raw materials (Table 8 # 1),

and temperature inside fluorinating reactor increases by 20 -30 °C. Lowering of fluorine
amount fed into concerning a-HTFESF results in gradual increasing of selectivity from 30%
to 60% depending on a-HTFESF excess (table 8 # 2-4). Conversion of starting material at
that drops proportionally to the amount of fluorine fed. This testifies, that starting a-
HTFESF can be used as solvent for the fluorination process with further return of product
that had not reacted into cycle.

Table 8. The Results of Preliminary Tests at Direct Fluorination Unit, volume 1,5 |,
Temperature - 403K, Feed rate a-HTFESF - 0,25g/min.

# Ratio Conversion,% Selectivity,
Charge Dilution products/ %
moIe/moIe Mole/mole destraction’ %
o-HTFESF /F2 F2/N2 o-HTFESF (mass.)
JHF

1. 1:1,02 - - 7:93 100 3,5
2. 1:0.88 - - 29:71 90 30
3. 1:0.75 - - 48:52 75 50
4. 1:0.58 - - 60:40 60 60
5. 1:1.03 1:2.1 - 83:17 90 83
6. 1:1.03 1:1.5 - 79:21 90 80
7. 1:1.02 1:1.76 - 85:15 95 85
8. 1:1.02 1:0.7 - 59:41 70 60
9. 1:0.99 - 1.4:1 80:20 98 80
10. 1:1.00 - 1.4:1 85:15 100 85
11. 1:1.00 - 1:1 95:5 97 95
12. 1:1,00 - 1:1.5 98:2 83 98

In spite of 75% mole excess of a-HTFESF the selectivity of fluorination process doesn't
exceed 60% (table 8, # 4). The selectivity of direct fluorination increases greatly (up to
85%) when using nitrogen (table 8, # 5-7). Losses of finished product with exit gases at
50% dilution of fluorine by inert amount approximately 45-50%. These losses can be
avoided when using additional unit of compression, that will to a great extent complicate
the technology and increase the cost price of PFASF. Using of undiluted fluorine allows
simplifying of the unit of crude products collection.

Anhydrous hydrogen fluoride introduction into reactor (table 8, # 9-12) provokes



decreasing of destruction by 95% under the other equal conditions. It's obvious, that
amount of anhydrous hydrogen fluoride correlates with amount of fluorine suppressed,
and taking into account the One Electron Transfer Theory the optimal proportion of HF : F,

should be 1 : 1. l.LE. The molar proportion of components going to be synthesized (a-
HTESF : HF : F5 ) must ideally correspond with stoichiometry. Decreasing of concentration

of anhydrous hydrogen fluoride down to 0,71 mole per one mole of fluorine leads to
decreasing of selectivity by 15-20% and increasing up to 1,5 mole per one mole of F,

results in conversion of starting materials, that must be connected with increasing of
inhibitory action of HF and lowering of fluorinating rate (table 8 # 12).

Thus, one of the factors, determining selectivity of fluorination of ?-HTESF is
concentration of anhydrous hydrogen fluoride.

The results of direct fluorination in reactor of 11.5 | volume are listed in Table 9. At
increasing of anhydrous hydrogen fluoride concentration in a-HTFESF in the range of 7 -
20 % of mass its mole excess increases twice towards main reagents: a-HTFESF and
fluorine, and conversion of a-HTFESF decreases to 47-48%. Practically, by increasing
concentration of anhydrous hydrogen fluoride in starting mixture twice the fluorinating
rate decreases twice. The selectivity of the process, caused by both amount of starting
product, fluorinated in the range of reaction volume and after it changes slightly. That
means, that fluorine in the excess of anhydrous hydrogen fluoride beyond the reactor
doesn't take part in the destructive fluorination of starting raw material, and together with
other uncondensed products gets into the neutralizing unit.

The excess of anhydrous hydrogen fluoride after reactor increases in terms of 23, 24
reactions stoichiometry by one mole taking into account a-HTFESF formed as a result of
fluorination and ranges from 1,74 in # 1 (Table 9) to 2,89 in # 5 (Table 9).

Table 9. Fluorination in Reactor of 11,5 I|. Anhydrous Hydrogen Fluoride Concentration
Impact. Temperature - 393K, Feed Rate of a-HTFESF 1,2 g/min.

- o-HTFESF:HF:F5 C(HF) % o-HTFESF  Selectivity,%
mole/mole/mole  (mass.)  Ratio Products/ Conversion %
Destruction
1 1,0:0,74:0,94 07,44 94,5 : 05,5 94,23 94,0
2 1,0:0,89:0,93 08,80 92,4 :7,6 69,00 92,4
3 1,0:1,14:0,94 11,00 90,3:9,7 59,84 90,3
4 1,0:1,40:0,94 13,20 87,8:12,1 47,56 87,8
5 1,0:1,89:0,93 17,00 89,3:10,6 48,00 89,4
6 1,0:5,00:0,93 35,00 93,0:7,0 10,00 93,0

Fluorination Products after reactor are cooled to 15-20°C, that forwards deceleration of



fluorination, including a destructive one (selectivity decreases by 5 %).

Temperature is another important factor that determines fullness of reaction passing
and selectivity of fluorination.

During preliminary tests at model set it was found, that at equal consumption of raw
material and by lowering temperature within the range of 40K the number of destruction
products increases from 3 to 30%. At that the a-HTFESF conversion rate scarcely
changes and conforms to amount of fluorine fed (Table 10).lt can be explained by
decreasing of fluorination rate at temperature lowering, as a result of which starting
products do not have enough time to react at volume specified, beyond limits of which
fluorinating conditions are not kept. You can increase the selectivity of fluorination at low
temperatures either by decreasing weight hour space velocity of starting material feeding
or by increasing the length of reactor.

We have installed a heated column filled with sodium chloride between the reactor and
cooler to remove the unreacted fluorine and to estimate the rate of its conversion.
Fluorination products do not interact with sodium chloride and fluorine gets into
substitution reaction isolating elemental chlorine. The obtained mixture of bifluoride and
sodium chloride was analyzed for content of ions chloride and ions fluoride using method
of liquid chromatography.

Table 10. Results of Direct Fluorination at Temperature Alterations

. o-HTFESF:HF:F5 o-HTFESF Selectivity, %
# 0. mole/mole/mole _ Ratio Products/  Conversion %
E Destruction

1 373 1:1,1:0,7 75,7 : 243 68,4 75,7
2 373 1:1,1:0,7 70,3 : 29,7 67,8 70,3
3 373 1:1,1:0,5 93,4 :06,6 50,6 93,4
4 383 1:1,1:0,7 83,1:16,9 66,6 83,1
5 383 1:1,1:0,7 85,4 :14,6 68,4 85,4
6 383 1:1,1:0,6 95,9 :04,1 60,0 95,6
7 303 1:1,1:0,7 89,5:10,5 70,0 89,5
8 3903 1:1,1:0,6 92,8 :7,2 60,0 92,8
9 403 1:1,1:0,7 88,7 : 11,3 70,0 88,7

10 403 1:1,1:0,8 97,8:02,2 79,0 97,7



11 413 1:1,1:0,7 93,2:6,8 70,0 93,2

12 423 1:1,1:0,7 90,3:9,7 70,0 90,0

Comparing the results of fluorination, listed in table 10, and referred to equal
temperatures it's becoming obvious that optimal temperature mode of fluorination is
within the range of 393-403K and it is determined by proportion of starting components
and raw materials feed rate.

The obtained PFESF crude product was subject to purifying by neutralization and then
was rectified at packed column. Following that they had obtained product containing
99,98% of main compound, which was used to obtain lithium and potassium salts and
perfluoroethylsulfonic acid. The grade of obtained salts after re-crystallization amounted to
99,99%.

Series of experiments regarding studying of macrokinetic mechanisms was conducted
to create mathematical model of direct gas-cycle fluorination of a-HTFESF. The result
obtained are under processing.

1. The studies conducted had confirmed a real opportunity of creating the alternative
PFESF obtaining technology.

2. The suggested synthesis method is based on using the local raw materials and
typical commercial equipment.

3. New main patterns of behavior of obtaining "sultone" method of
monohydropolyfluoroalkylsulphonyl fluoride with the yield up to 92% were studied to work
out commercial technology.

4. During studying of gas-phase fluorination of a-HTFESF we can see the opportunity of
selective finishing fluorination of functional derivatives with preserving carbon-sulphur
bond. At that the yield of PFESF was within the range from 93 to 97%, selectivity
amounted to 95% at the rate of conversion of 97%.

5. The PFESF synthesis method created by authors allows significant decreasing the net
cost of suggested analogues.

References

1. Chemie und Technologie aliphatischer und fluororganischer Verbindungen, Sammlung
chemischer und chemisch-technischer Beitrage , 1964, Stuttgart, Dr.,Proff. Osterrot.

2. W. A. Sheppard and C. M. Sharts, Organic fluorine chemistry, W. A. Benjamin
Publishers, 1969.

3. J. Simons, Fluorine and Its Compounds [Russian translation], Atomizdat, Moscow
(1953)., V.1, 1953.

4. Vejgand-Hilgetag, Metody eksperimenta v organicheskoj khimii. M. : Khimiya, 1968, s.
574.

5. M. Stacey, ). C. Tatlow: Advances in fluorine chemistry, Vol. 1, Academic Press Inc. &



Butterworths Scientific Publications (1960)
6. A.l. Rahimov, Himiya i tekhnologiya ftororganicheskih soedinenij, M.: Himiya, 1986.

7. Appl. DE 100 30 974 Al BRD(2002)Herstellungsverfahren fur Perfluorethan .
Na.Doo-Ulsan, Cho.Ook-Jae,// Ulsan Chemical Co. Ltd., Ulsan, KR/ C07 ¢ 17/10//

8. Patent 2915544 USA( 1959) Non-ionic surfactant derivatives of
perfluoralcanesulfamide. A.H.Ahlbrecht et all. //Minnesota Minning and Manufacturing
Company/Cl. 260-556//

9. Appl. DE 100 32 632 Al BRD (2002) Pjlyfluoralkilsilane. A.Marhold, J.Wiedemann,
S.Bach. Beyer AG C07 F7/08

10. Appl. DE 100 10 537 Al BRD (2001)Herstellung von Flussigkristallen mit CF20 -
Brucke. P. Kirsch, A. Taugerbeck D. Pauluth u. a. //Merck Patent GmbH. /C 07 D 339/08//.

11. I.G.Ryss. Khimiya ftora i ego neorganicheskih soedinenij. M.: Goskhimizdat , 1956, s.
576-579.

12. Patent 818756 GB (1959) Improved reactive fluorcarboncompounds. //Minnesota
Minning and Manufacturing Company/ C 08F28/00//

13. Patent 0364340 EP (1990) Method for the synthesis of sulfonyl imides. Armand
Michel //Hidro QUEBEC /Ca/, Elf Aquitane /Fr/ C 07C311/48//.

14. V.M. Gida, Yu.A. Pazderovski, A.L. Belfman i dr. Fiziko-khimicheskie osnovy
ispol'zovaniya PAV na osnove perftor-w-ftorsulfoniloksaalkilkarbonovyh kislot. //Tezisy
dokladov nalV Vsesoyuznoj konferentsii po ftororganicheskim soedineniyam. Tashkent,
1982, s. 4.

15. N.Isikawa, Soedineniya ftora. Sintez i primenenie. M.: Mir, 1990, s. 9- 39.

16. Yu.l. Nikonorov, A.l. Karelin i dr., Primenenie interkalirovannyh v grafit kislot L'yuisa v
kachestve katalizatorov reaktsij Fridelya -Kraftsa.lV Vsesoyuznaya konferentsiya po
ftororganicheskim soedineniyam. Tashkent, 1982, s. 12.

17. A.F. Eleev, V.l Fetisov, G.A. Sokol'skij Ob atsidifitsiruyushchej sposobnosti
ftorsulfonil'noj gruppy vo ftorsoderzhashchih CH-kislotah. //Tezisy dokladov nalV
Vsesoyuznoj konferentsii po ftororganicheskim soedineniyam. Tashkent, 1982, s. 172.

18. Yu.L. Yagupol'ski, A.Haas, T.l. Savina i dr. N-perftoralkil- sulfoniliminoproizvodnye
tritormetansulfonovoj kisloty. //Zhurnal organicheskoj khimii. 1999, T. 35, V. 12, S. 1802-
1804

19. N.V. Kondratenko, A.A. Kolomeitsev, N.V. Ignat'ev, L.M. Yagupolski. Soli
geksakis(triftormetilsulfonil)difeniimetana-1,3-difenil-propena i
tris(triftormetilsulfonil)trifenilmetana - novyj tip anionoidnyh krasitelej.//Tezisy dokladov nalV
Vsesoyuznoj konferentsii po ftororganicheskim soedineniyam. Tashkent, 1982, s. 72.

20. Patent DE 10126929 Al BRD (2002)Verfahren zur Herstellung von Verbindugen mit
Perfluoralkansulfonsaureresten. N. Ignatyev, M. Schmidt u. a. //Merck Patent GmbH
64293 Darmstadt, /DE/ CO7 C 309/65//.

21. Patent 27067 UA (2000), Tris (triftoretoksisulfonil) metanid litiya tris
(triftoretoksisulfonil) metan. Yagupol'skij Yu.L. Savina T.I. i dr.



22. G.G.Furin A.A. Fainzilberg. Sovremennye metody ftorirovaniya organicheskinh
soedinenij. Moskva: ,,Nauka” 2000, s. 240

23. K.O. Averbah, G.S. Goldin, L.A. Nekrasova. Soli ftororganicheskih efirov
sulfokarbonovyh kislot. Tezisy dokladov na IV Vsesoyuznoj konferentsii po
ftororganicheskim soedineniyam. Tashkent, 1982, s. 23.

24. Patent 2950317 USA (1960) Process for preparation of perfluoroalkylsulfonil
chlorides. Harvey A. Brown, E.O. Townshin et all. // Minnesota Mining and Manufacturing
Company/ Cl.260-543 //

25. V.A. Matalin, L.V.Shkultetskaya, D.D.Moldavskij, G.l. Baranov Issledovanie protsessa
sinteza pentaftoretilsulfonilftorida | ego proizvodnyh. //Tlezisy dokladov 3-gj
mezhdunarodnoj konferentsii ,,Khimiya, tekhnologiya i primenenie ftorsoderzhashchih
soedinenij v promyshlennosti”,Sankt-Peterburg, June 3-6, 2001, R 1 -22.

26. Patent 2 276 097 USA (1942), Alifatic sulfonil fluoride and Their preparation. Paul L.
Salzberg , Wilmington // E.J. du Pont de Nemours /Cl.260- 543/30

27. G.G Furin, Novye aspekty primeneniya perftoralkiigalogenidov v sinteze
ftororganicheskih soedinenij.//Zhurnal Uspekhi khimii 69(6), 2000, s. 538- 570.

28. Appl. DE 10037 507 A 1 BRD (2002)Verfahren zur Herstellung von
Alkylsulfonylchloriden und/oder Alkansulfonsauren. Hennig G.,Strofer E., Freudenthaler
E.//BASF AG Ludwigshafen/C07c 303/18//

29. Appl. DE 100 30 685A 1 BRD (2002) Verfahren zur Herstellung von aliphatischen
Sulfonsauren. Stamm A.,Friedrich H., Eiermann M.// BASF AG, 67063 Ludwigshafen /C
07c303/02//

30. Patent 586666, Schweiz (1977) Verfahren zur Herstellung von
Sulfonsaurefluoriden. E.Plattner Chr.Cmninellis //CIBA -GEIGY AG, Basel, /C07 ¢ 143/70//

31. N.N.Lebedev, Khimiya i tekhnologiya osnovnogo organicheskogo sinteza. M.:Khimiya,
1971, s. 459-462.

32. Patent 2877267 USA (1959) Polifluorinated sulfonic acids and derivatives . G.Van
Dyke Tiers et all. St

33. Patent 3 542 864 USA (1970) Process for the production of perfluoralkanesulfonil
fluorides. R.J.Koshar, L. Townshin // Minnesota Mining and Manufacturing /U.S.Cl 260 -
543//

34. WeiYyuan Huang, Yian - Long Chen et all. Reactions of perfluoro-alkanesulfonil
bromide.// I. Fluor. Chem. V.35, Ne 1, 1987, 19-21//

35. Jin Tao Liu, Guo-Dong Sui, Gang Chem, WeiYuan Huang,Sodium ditionite initiated
additions sulfination reaction of perfluoroalkyl bromides and olefins.//]. Fluor,Chem; 93,
1999, r.49-51//

36. Appl. DE 197 28560 Al, BRD(1999) Kontinuierliches Verfahren zur Herstellung von
Pentafluorethyliodid. =~ Richter H.B., Paul N., Huber R., //Dynenon GmbH,
84508Burgkirchenm DE/C 07 c 19/16//

37. Patent 2034472, BRD (1972) Verfahren zur Herstellung von
Perfluoralkykiodidtelomeren. R.Werner, J.Massone, Jager H., //Kal-Chemi AG, 3000
Hannover/C 07 ¢,21/18//



38. Patent 1443517,BRD (1968) Verfahren zur kontinuierlichen Herstellung von Mono
und Di-iodhalogenalkanen. Blochl W. //7500 Karlsruhe C 07¢//3143/70//

39. LL. Knunyants , G.G. Yakobson . Sintezy ftororganicheskih soedinenij. - M.: Khimiya,
1973, s. 76.

40. Spravochnik sernokislotchika.- M.: Khimiya, 1971, lzdanie 2, pod red. K.M. Malinina
,S. 106.

41. I.L Knunajnts and G.A Sokolski, Fluorinatedp-Sultones. //Angew.Chem. internat. Edit
/Vol. 11(1972) Ne 7, r.583-595//

42. M.A. Dmitriev, G.A. Sokolski, LL. Knunyants, Ftorsoderzhashchie B- sultony.//
lzvestiya akademii nauk SSSR, otdelenie khimicheskih nauk, 1960, Ne 6, s. 1035-1038//.

43. Y. Cheburkov, W.M.Lamanna. Fluorinated olefins and oleums. //J.Fluorine Chem.
2003, 121, Ne 2, r.147-152//

44. Patent 4 206 138 USA (1980), Perfluorallii fluorosulfate and its sultone and its
polymers, England D.C., Wimington, Del.//E.LDu Pont de Nemours and Compani./
U.S.CL.260/458F; 526/243//

45. D.C.England, M.A.Dietrich ,Lindsey.Reaction of Fluoroolefins with SO3 , |
Amer.Chem.Soc. 82,1960, 6181.

46. M.A Belaventsev, L.L. Miheev, V.M. Pavlov., G.A Sokolskij, I.L. Knunyants, Reaktsii
(CF3),C=CF, s SO3 .// Izvestiya Akademii nauk SSSR, ser. Khimicheskaya, 11, 1972, s

2510-2516//.

47. Patent 4 567 003 USA (1986) 2,3-Dibromo-pentafluorosulfate.Resnick P.R. //E.l.Du
Pont de Nemours and Compani, Wilmington, Del. /U.S.Cl./ 458 F; 560/213//

48. Patent 3 689 545 USA (1972) Process for preparation of trifluoroacetil
fluoride.Hahn H., Rebstad //Farbwerke Hoechst AG vormals Meister Bucius & Bruning,
Frankfurt am Main,GermanY /U.S.Cl 260/544F//

49. VYU. Zaharov, A.K. Denisov, M.D. Novikova, Pryamoe gazofaznoe kataliticheskoe
ftorirovanie organicheskih soedinenij. // Zhurnal organicheskoj khimii. 1998 , T. 30, V. 12,
s. 1844-1846//.

50. TA. Bispen, T\V. Mihailova, D.D.Moldavskij i dr.,, K voprosu ob ochistke
perftororganicheskih soedinenij. //Zhurnal prikladnoj khimii., T. 69, V. 1, 1996, s. 112-119

51. D.D. Moldavskij, L.V. Shkultetskaya, G.G. Furin, Sravnitel'noe ftorirovanie
organicheskih soedinenij triftoridom kobalta kak ftoriruyushchim agentom i triftoridom
kobal'ta v prisutstvii elementnogo ftora. //Tezisy dokladov 3-ej mezhdunarodnoj konferentsii
,,Khimiya, tekhnologiya i primenenie ftorsoderzhashchih soedinenij v promyshlennosti”,
Sankt-Peterburg ,lyun' 3-6. 2001 //

52. T.A. Bispen, D.D. Moldavskij, G.G. Furin. Poluchenie perftorirovannyh parafinov,
prostyh efirov i tretichnyh aminov pryamym ftorirovaniem elementnym ftorom. //Zhurnal
prikladnoj khimii, 1998, t. 71, v. 6, s. 977- 981

53. F.H. Muhametshin. Perenos elektrona kak nachal'naya stadiya reaktsij elementnogo
ftora.// Zhurnal prikladnoj khimii, 1997, t. 70, v. 1, s. 127-134

54. G.G.Furin., Ftoristyj vodorod. Ftoriruyushchij reagent i rastvoritel' v organicheskom



sinteze. Pryamoe ftorirovanie. //Novosibirsk, 2002, s. 138-170



